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Background and rationale

Infant and child mortality have played a crucial role in health transition
patterns and both have been considered as good indicators of development
and demographic modernization. The establishment of the Millennium
Development Goals (MDGs) meant a significant injection of funds and
resources for health, and a national and international commitment to
child health, which led to an unprecedented progress in the reduction of
child mortality worldwide.

From 2000 to 2015, the implementation and scale-up of many life-saving
interventions targeting various leading causes of under-5 (U5) deaths
as primary accelerants of child survival, such as malaria, pneumonia,
diarrhoea, or measles led to a reduction by more than 60% of the overall
under-5 mortality rate (USMR). However, this decrease in child mortality
was not enough to achieve the specific target for child survival established
by MDGs, namely a two-thirds reduction of USMR by 2015 in relation to
the 1990’s figures. A significant barrier for achieving such an ambitious
objective relates to the fact that neonatal mortality decreased by a much
slower rate than mortality among children aged 1-59 months, especially
in low-income countries (LIC) in Sub-Saharan Africa (SSA).

These data are consistent with trends on the main causes of death (CoD)
in children over time. Estimates have suggested that those diseases for
which life-saving strategies have been implemented (measles, malaria,
diarrhoea or pneumonia) have been or are being replaced as main CoD
among children U5 by those diseases for which interventions to reduce
them have not been fully developed or widely implemented (i.e neonatal
deaths).

Neonatal deaths accounted for almost half of all deaths among children
U5 in 2016. Within those, preterm birth complications are the leading
CoD in the neonatal period, being birth asphyxia and neonatal infections
other significant causes of mortality in newborns. However, caution is



18  Summary

required when interpreting data regarding main CoD as data sources
used to produce such estimates in poor countries are unreliable, including
accurate vital statistics, verbal autopsies or hospital records. Innovative
tools such as the minimally invasive autopsy (MIA), currently being explored
for mortality surveillance purposes, appear as potentially useful tools that
will improve our current understanding of what is really killing neonates
or children in LMIC.

In terms of neonatal infections, neonatal sepsis and meningitis are well-
known leading causes of mortality and severe sequelae in term and
preterm babies in industrialized countries but information about them and
their burden in LIC is more limited. Early-onset disease (EOD, 0-6 days), is
usually vertically transmitted, and mainly caused by Group B streptococcus
(GBS) and Escherichia coli (E. coli). Late-onset disease (LOD, 7-89 days)
is generally due to horizontal infections (either community-acquired or
hospital-acquired) and most frequently associated pathogens include E.
coli, Klebsiella spp, GBS and other Gram-positive organisms (Staphylococcus
aureus and Coagulase-negative staphylococci). Maternal colonization
by these pathogens is crucial for transmission from mother to child to
occur, presenting in such cases generally as EOD. Prevalence of maternal
colonization may be affected by Human Immunodeficiency Virus (HIV),
maternal nutritional status and other maternal risk factors. Prevention
strategies such as maternal screening of GBS at the end of the pregnancy
and intrapartum antibiotic prophylaxis (IAP) for those mothers found to
be carriers have demonstrated their efficacy in dramatically reducing EOD.
However, IAP as we know it is not currently reaching all women in need
in poor settings, possibly in relation to the fragility of health systems,
precariousness of laboratory infrastructures, or more simply because a
significant proportion of deliveries in these settings still occurs at home.
In addition, other preventive strategies against E. coli or those bacterial
causing LOD have yet to be developed.

Other infectious diseases also considered as important contributors to
neonatal, infant and even child morbidity and mortality include infections
encompassed under the TORCH syndrome. The HIV pandemic and the
Zika virus outbreak have raised great concern across the world and have
highlighted the importance of other pathogens for infants, including viruses,
parasites or fungi. Screening of some of these diseases such as syphilis or
HIV is routinely offered to women attending antenatal care (ANC) clinics
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of LIC. However, further screening of other potential vertically transmitted
pathogens, such as cytomegalovirus (CMV), rubella, toxoplasma gondii (T.
gondii), enterovirus (EV), parvovirus B19 (B19V), herpes simplex virus (HSV)
or hepatitis B virus (HBV), among others is not offered. Congenital CMV
infection (cCMV) is the most prevalent and principal cause of deafness in
developed countries. However, and similarly to other congenital infections,
it remains fundamentally unnoticed and therefore largely neglected in
resource-constrained settings, thus also hindering the characterization of
its real burden and impact in these settings.

An interesting approach to prevent many of these congenital and neonatal
infections now includes maternal vaccination during pregnancy under
the assumption that maternal transfer of antibodies to the newborn
will be more feasible, effective and rapidly protective than waiting for
the generation of neonatal immune responses to vaccines administered
directly to them. This “vertical vaccination” strategy has already been
successfully implemented for tetanus and pertussis control, and is being
explored against other pathogens.

There are other well-known causes of severe disease and mortality in
children, although not usually listed as direct CoD and therefore often
forgotten in global estimates. Malnourished children, neonates born with
a low weight or small for their gestational age, may be prone to suffering
life-threating conditions or developing significant sequelae. In many cases,
the fatal outcome is determined by the underlying condition rather than the
acute disease. On the other hand, the emergence of certain complications
such as for instance hypoglycaemia, relatively common in the evolution
of many different diseases or conditions (malaria, sepsis, diarrhoea cases,
malnutrition or neonates in general), may also adversely determine the
prognosis of these cases, although the real incidence and significance of
such complications remains to be described and addressed as part of their
management strategies.

In many LMIC, at least half the child deaths occur at home, often without
having been seen by a clinician. In some cases, though, deaths occur also at
home, but soon after a contact with the health system. Inpatient mortality
is a well-understood portion of the global overall child mortality estimates,
and interventions to reduce it have been developed and successfully
implemented. However, post-discharge mortality (PDM) could be as
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high as inpatient mortality in those constrained-resource settings, but is
clearly a neglected and understudied phenomenon. Indeed, no guidelines,
recommendations or further strategies have been developed to address
the care of patients during the days immediately following discharge, a
critical period for child survival. The fragility of the health systems and
scarcity of the health force in LIC, the unaffordable high costs to provide
care for acute illness and the generalised lack of awareness about the
burden and implications of PDM by health workers and policy makers
partly explain this neglect.

In order to achieve the new targets for child mortality established by the
Sustainable Development Goals (SDGs) by 2030, there is an urgent need
to improve our current understanding of the main contributors to child
mortality in those countries with higher morbidity and mortality, and as a
consequence, to develop and implement interventions to tackle those diseases
mainly contributing to premature and preventable mortality of children.

This thesis aims to address issues related with those severe diseases that
cause the majority of morbidity and deaths among neonates, infants
and children under five and for which no specific interventions have yet
been implemented. Most of the studies conforming this thesis have been
conducted in Manhica, a semi-rural area in Southern Mozambique, and a
paradigmatic example of a resource-constrained setting.

Materials and Methods
This thesis is based on research conducted by the Barcelona Institute for
Global Health (ISGlobal)/ Hospital Clinic-Universitat de Barcelona in Spain,
the Centro de Investigacdo em Saude de Manhica (CISM) in Mozambique.
The thesis also includes work done in collaboration with the London School
of Hygiene and Tropical Medicine (LSHTM).

This thesis is structured around seven articles: three published in peer
reviewed international journals, two accepted but not yet published, and
two additional articles currently under review:
i. A comment on the burden and importance of neonatal mortality
globally, and discussion on main causes of death among this age group;
ii.A systematic review on the global incidence of infant invasive GBS
disease, its case fatality risk (CFR) and the associated serotypes,
updating previous global estimates;
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iii. Across-sectional study investigating the epidemiology of GBS and E. Coli
infections in Manhica, semi-rural area from southern Mozambique, so
as to determine the prevalence and risk factors for maternal carriage
of these pathogens, and acceptability from mothers around the use
of rectal swabs for GBS and E. coli detection;

iv. A review of the epidemiology of congenital infectious disease in
resource-constrained settings;

v. A hospital based survey to determine the prevalence of vertical
transmission of CMV, EV and B19V in Manhica;

vi. Aretrospective data-analysis using the morbidity surveillance system
(MSS) ongoing in Manhiga district hospital to describe the prevalence
and incidence of hypoglycaemia among admitted Mozambican children
during 13 years, its distribution among age groups and associated CFR;

vii. Aretrospective data-analysis using hospital data of 16 years linked to
the demographic surveillance system (DSS) ongoing in Manhica district,
designed to investigate the burden of paediatric PDM in the area,
to identify predictors of mortality following discharge and to derive
models that could efficiently stratify children according to PDM risk.

All seven manuscripts have been written by this thesis’ candidate as first
author, and encompass variable methodologies, including original research,
reviews, and meta-analyses.

Key Results
The studies included in this thesis provide important results and highlight
knowledge gaps that could contribute to improve our understanding of
different diseases causing severe morbidity, sequelae and death among
African infants and children and for which specific interventions have not
yet been implemented in Mozambique.

The first article reviews the overall burden and significance of mortality
during the neonatal period, highlighting the importance of reducing NMR in
order to achieve SDGs target for child survival by 2030, as neonatal deaths
currently account for nearly half of the global deaths in children U5 years of
age. National and international efforts should now focus on this particularly
vulnerable population group, so as to achieve universal coverage of those
interventions having shown efficacy to reduce neonatal deaths, especially
in those countries with high burden in order to achieve the ambitious SDG
target for child mortality by 2030 (<25 deaths per 1000 live births).
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The meta-analysis and review on GBS invasive disease represents an
important update of a previous systematic review since it includes new
data from low and middle-income contexts (18 new studies from 10
countries). The pooled incidence of invasive GBS disease in infants <90
days was estimated at 0.49 per 1000 live births (95%CI 0.43-0.56), and
was highest in Africa (1.12) and lowest in Asia (0.30). EOD incidence was
0.41 (95% Cl 0.36-0.47) and LOD incidence was 0.26 (95% Cl 0.21-0.30).
Overall CFR was 8.4%, being highest in Africa (18.9%, 95% Cl 13.7-24.0), a
figure four times higher than that of developed countries (4.7%, 3.3-6.1).
EOD CFR was 10.0% (95% Cl 7.0-12.0) ranging from 5.0% in developed
countries to 27.0% in Africa. LOD CFR was 7.0% (95% Cl 4.0-9.0) also lower
in developed countries (4.0%) compared to Africa (12.0%). Serotype I
(61.5%) dominated, with 97% of invasive disease being caused by just five
serotypes (la, Ib, I, Il and V).

The third article focuses on GBS and E. coli carriage in a semi-rural
Mozambican setting. The study found that 21.3% of 320 women recruited in
Manhiga were GBS carriers, while 16.3% were positive for E. coli. Prevalence
of HIV among pregnant women participating in the study was 36.6%. No
association was found between being colonized by GBS and E. coli and
maternal risk factors. GBS isolates were fully susceptible to penicillin and
ampicillin. Serotypes V (32.4%), la (14.7%) and Ill (10.3%) were the most
commonly found and 69.2% of the women tested had immunoglobulin G
(IgG) antibodies against GBS. E. coli isolates showed resistance to ampicillin
and co-trimoxazole in 28.9% and 61.3% of the cases, respectively.

The review on the epidemiology of congenital infections in lower-middle
and low-income countries covered a period of 45 years and highlighted
the concept that the overall burden of congenital infections appears to
be much higher in these regions than in industrialized countries, although
data gaps remain rather important.

The fifth article aimed to describe the prevalence of certain congenital
infections such as CMV, Parvovirus B19 or enterovirus among a cohort of
Mozambican mother-newborn dyads. The study found that 37 of the 118
women recruited were HIV positive. Prevalence of congenital CMV infection,
detected by real-time polymerase chain reaction (RT-PCR) through dried
umbilical cord samples was 2.6% (3/115) and 6.3% (3/96) when assessed
by RT-PCR in nasopharyngeal aspirates obtained from neonates. The
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concordance of the RT-PCR assay through DUC with their correspondent
through NPA was moderate (Kappa = 0.42 and p<0.001. No differences on
prevalence of congenital CMV infection were found among HIV-exposed
and unexposed (OR 1.26, 95% Cl 0.16—9.89, p=0.83). All (100%) mothers
were seropositive for CMV IgG. RT-PCR of EV and B19V in dried umbilical
cord samples were both negative in all screened cases. No histological
specific findings were found in placental tissues. No risk factors associated
to vertical transmission of these viral infections were found.

The sixth article aimed at characterizing hypoglycaemia among all paediatric
inpatients admitted to a Mozambican district hospital, during a period of
13 years. The overall prevalence of hypoglycaemia was 3.2% (<3mmol/L)
among 45 573 children <15 years hospitalized due to any illness. Of them
two thirds (972) with levels <2.5mmol/L. Hypoglycaemic children were
significantly more likely to die (OR 7.11; p<0.001), with an associated
CFR of 19.3% (245/1267). Independent risk factors for hypoglycaemia on
admission and death among hypoglycaemic children included prostration,
unconsciousness, oedema, malnutrition and bacteraemia. Overall Minimum
community-based incidence rate of hypoglycaemia was 1.57 episodes/1000
child years at risk (CYAR), significantly decreasing throughout the study
period. Newborns showed the highest incidence (9.47 episodes/1000
CYAR, p<0.001).

The last article included in this thesis assessed the burden of post-discharge
mortality among hospitalized Mozambican children <15 years at Manhica
District Hospital. It found an overall post-discharge mortality of 3.6%, with
half of the deaths occurring in the first 30 days after discharge. One primary
predictive model for all ages (<15 years) included young age, malnutrition,
history of diarrhoea, clinical pneumonia symptoms, prostration, HIV and/
or malnutrition associated symptoms, bacteraemia, positive HIV status,
rainy season and transfer or absconding, with an area under the curve
(AUC) ~80% during the whole follow-up. Alternative models based on
the primary model were simplified in order to be adaptable to different
contexts and had a similar performance. A model specific to infants <3
months identified as predictors being a neonate, low weight-for-age score,
difficulty in breathing, hypothermia or fever, oral candidiasis and a history
of absconding or transfer to another hospital, with an AUC ~80% during
the 90-days of follow-up. Applying this model as an algorithm at the time
of discharge, 80% of children with high risk of dying at home would be
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identified and a better discharge planning could be done trying to prevent
the fatal event occurring at home.

Conclusions and Recommendations
In order to achieve the specific SDG target for child mortality by 2030, an
accelerated progress in reducing neonatal mortality in countries with higher
burden is urgently required. If this is not considered a priority, the world may
fail to significantly reduce overall child mortality. Universal coverage of essential
interventions has the potential to reduce neonatal deaths, benefit women
and children after the first month of life and additionally reduce stillbirths.

GBS disease is an important cause of infant sepsis and meningitis despite the
limitations in the data. In Africa, where the incidence is highest, the mortality
associated to GBS is also the highest and four times higher than in developed
countries, suggesting this is the region where prevention strategies are most
critical toimplement. Serotype lll accounted for over half of all disease-causing
isolates. Existing preventive strategies using IAP are not usually available
in low-income contexts and, with a higher number of home deliveries and
late presentation to health facilities for delivery, IAP may be more difficult
to implement. Maternal vaccination offers an alternative strategy, and the
data we have suggest that a pentavalent conjugate vaccine (including la/
Ib/11/111/V) would cover almost all disease-causing serotypes (97%) in young
infants worldwide.

In Southern Mozambique, prevalence of GBS and E. coli colonization among
pregnant women is high and comparable to those reported in similar settings
and in high-income countries. HIV infection was not a risk factor for GBS or E.
coli colonization. Serotype V was the most prevalent in Manhica, Mozambique
differs from those found in the majority of studies conducted in other
countries. Therefore, it is essential to identify prevalent serotypes in each
region in order to know the potential coverage, impact and implementation
requirements of future anti GBS vaccination strategies.

Other infections vertically transmitted may be also an important cause of
severe disease and lead to mortality in poor settings. Estimates from low and
middle-income countries indicate that the burden of congenital infections
may be higher in these regions than in industrialized countries. Vertical
transmission of CMV in southern Mozambique is higher than in HIC and at
least as high as other similar settings in SSA. Larger studies are needed to
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evaluate the true burden, clinical relevance and consequences of congenital
infections of CMV, B19V and EV in resource-constrained settings.

Hypoglycaemia is a common complication of many conditions causing
hospitalization in Mozambican children, especially among newborns and
children with severe infections, and is associated with an excessive and
unacceptable risk of death, considering it is a treatable condition. A single
determination on admission is not enough to rule out hypoglycaemia
among admitted patients, and glycaemia should be recurrently screened
during hospitalization. Better, cheaper and more innovative diagnostic and
therapeutic alternatives need to be urgently investigated to better address
the diagnosis, prevention and management of hypoglycaemia in developing
countries.

Finally, interventions to address those child deaths occurring at home should
be developed. Mortality following discharge is an important although poorly
recognized contributor to child mortality. Post-discharge mortality in the first
90 days after hospital discharge is higher than inpatient mortality, especially in
the first 30 days post-discharge, as shown by the study conducted in a semi-
rural hospital in southern Mozambique. A simple predictive algorithm based
on easy to collect variables may readily identify most infants and children at
high risk of dying after discharge. Future research should consider validation
of predictive models in different contexts and prospectively assessing their
accuracy to identify children at risk of dying after discharge when are applied
at hospital discharge time in resource-constrained settings. This could allow
designing a better post-discharge planning, health education to the families
and follow-up care.

Continued investment in child mortality data collection and understanding
circumstances of child death is needed, not only for those deaths after a
hospital discharge, but also for those children dying at home without ever
entering in contact with the health system. Such data may be useful to design
innovative, effective and feasible strategies to reduce infant and child mortality.






< RESUMEN >

Antecedentes y Justificacion
La mortalidad de lactantes y nifios ha jugado un papel crucial en los patrones
de transicién de la salud y es considerado un buen indicador de desarrollo
y modernizacién demografica a lo largo del tiempo. El establecimiento de
los Objetivos de Desarrollo del Milenio (MDGs) supuso una importante
inyecciéon de fondos y recursos para la mejora de la salud y un compromiso
nacional e internacional con la salud infantil, que condujo a un progreso sin
precedentes en la reduccidon de la mortalidad infantil en todo el mundo.

Entre 2000 y 2015, la implementacion y ampliaciéon de intervenciones
para salvar vidas dirigidas contra las principales causas de muerte (CoD)
en menores de 5 afos, como la malaria, la neumonia, la diarrea o el
sarampion, redujeron en mas de un 60% la tasa global de mortalidad en
nifios menores de 5 afios (USMR). Sin embargo, esta disminucidon en la
mortalidad infantil no fue suficiente para alcanzar el objetivo especifico
de supervivencia infantil establecido por los MDGs: reducir en dos terceras
partes la USMR en 2015 respecto a las cifras de 1990. Una significante
barrera para lograr tal ambicioso objetivo fue el hecho de que la mortalidad
neonatal disminuyd a un ritmo mucho mas lento que la mortalidad en
nifios entre 1y 59 meses, especialmente en paises empobrecidos (LIC) del
Africa Subsahariana (SSA).

Esta informacién es consistente con el cambio que se ha producido en
la clasificacién de CoD a lo largo del tiempo. Las estimaciones sugieren
que algunas de las enfermedades para las cuales se han implementado
estrategias (sarampion, malaria, diarrea o neumonia) han sido o estan siendo
reemplazadas como principal CoD entre los nifios menores de 5 afios por
aquellas enfermedades cuyas intervenciones para reducir su impacto no se
han desarrollado o implementado completamente (muertes neonatales).

Las muertes neonatales representaron casi la mitad de todas las muertes entre
los nifos menores de 5 afios en 2016 y, dentro de ellas, las complicaciones
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de los nifios nacidos prematuros fue la CoD principal. La asfixia perinatal
e infecciones neonatales son otras causas importantes de mortalidad
prematura de los recién nacidos. Sin embargo, debemos ser cautelosos
interpretando datos sobre CoD ya que las fuentes de datos utilizadas
para producir estimaciones en paises pobres no son fiables, incluyendo
registros vitales y hospitalarios disponiblesy las autopsias verbales. Algunas
herramientas innovadoras, como las autopsias minimamente invasivas
(MIA), que estan siendo exploradas actualmente con motivo de vigilancia de
mortalidad, parecen ser potenciales herramientas que mejoraran nuestra
compresion sobre qué esta realmente matando a neonatos y nifios en
paises de renta mediay baja.

En términos de infecciones neonatales, la sepsis neonatal y la meningitis
son bien conocidas CoD y enfermedades que pueden producir secuelas
graves tanto en los bebés prematuros y como aquello a término en paises
industrializados. Sin embargo, la informacién sobre estas enfermedades
y su impacto en LIC es mas limitada. La sepsis precoz (EOD, 0-6 dias),
generalmente es transmitida verticalmente de la madre al hijo y es causada
principalmente por el estreptococo del grupo B (GBS) y por Escherichia
coli (E. coli). La sepsis tardia (LOD, 7-89 dias) normalmente se debe a una
infeccién de transmisidn horizontal (adquirida en la comunidad o adquirida
en el hospital) y los patdgenos mas frecuentes que la producen son E. coli,
Klebsiella spp., GBS y otros organismos Gram-positivos (Staphylococcus
aureus y Estafilococos coagulasa negativos). La colonizacién materna
por estos patdgenos es crucial para ser verticalmente transmitida a sus
descendientes, presentdndose en esos casos como EOD. La prevalencia
de esta colonizacién materna puede verse afectada por el Virus de la
Inmunodeficiencia Humana (VIH), el estado nutricional y otros factores de
riesgo maternos. Las estrategias de prevencion como la deteccién materna
de GBS al final del embarazo y la profilaxis antibidtica intraparto (IAP) han
demostrado su eficacia para reducir drasticamente la EOD. Sin embargo,
IAP actualmente no estd llegando a todas las mujeres necesitadas, debido a
la fragilidad de los sistemas de salud en paises empobrecidos, a la escasez
de estructuras de laboratorios necesarias o simplemente porque una
significante proporcion de partos en estos contextos todavia se producen en
el hogar. Ademas, no se estan desarrollando otras estrategias preventivas
contra E. coli u otras bacterias que causan LOD.
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Otras enfermedades infecciosas también consideradas como contribuyentes
importantes a la morbi-mortalidad neonatal, del lactante e incluso de nifios mas
mayores son las infecciones englobadas en el sindrome TORCH. La pandemia
del VIHy el brote del virus del Zika han suscitado gran preocupacién en todo
el mundo y han destacado la importancia de otros patégenos que afectan
a los nifios incluyendo virus, parasitos y hongos. La deteccidn de algunas de
estas enfermedades, como la sifilis 0 el VIH, se ofrece de forma rutinaria a las
mujeres atendidas en las consultas prenatales (ANC) de paises empobrecidos.
Sin embargo, no ocurre lo mismo con la deteccién de otros posibles patdgenos
potencialmente transmisibles al feto durante el embarazo y parto, como
citomegalovirus (CMV), rubéola, toxoplasma, enterovirus (EV), parvovirus
B19 (B19V), virus del herpes simple (HSV) o hepatitis B (HBV), entre otros. La
infeccidn congénita por CMV (cCMV) es la mas frecuente y la principal causa
de sordera en los paises desarrollados. Sin embargo, como sucede con la
mayoria de las infecciones congénitas, permanece olvidada en entornos con
recursos limitados, y se desconoce en gran parte su carga real y su impacto.

Un enfoque interesante para prevenir muchas de estas infecciones congénitas
y neonatales ahora incluye la vacunacién materna durante el embarazo bajo la
suposicion de que la transferencia materna de anticuerpos al recién nacido sera
mas factible, eficaz y rapidamente mas protectora que esperar la generacion
de respuestas inmunes neonatales a las vacunas administradas directamente
a ellos. Esta estrategia de “vacunacién vertical” ya se ha implementado con
éxito para el control del tétanos vy la tos ferina, y se estd explorando contra
otros patégenos.

Existen otras causas bien conocidas de enfermedad grave y mortalidad en
los nifios, aunque generalmente no figuran como causas directas de muerte
y, por lo tanto, a menudo se olvidan en las estimaciones mundiales. Los
nifos desnutridos, los recién nacidos con bajo peso o pequefios para la edad
gestacional pueden sufrir enfermedades o complicaciones que amenazan su
viday tener secuelas graves. En muchos casos, el prondstico y resultado final
estd determinado por la condicién subyacente en vez de por la enfermedad
aguda. Por otro lado, la emergencia de ciertas complicaciones como por
ejemplo la hipoglucemia, relativamente comun en la evolucidn de muchas
enfermedades diferentes (malaria, sepsis, diarrea, malnutricion o neonatos en
general), pueden determinar el prondstico de estos casos, aunque la incidencia
real y la significancia de tales complicaciones continua siendo descrita como
parte de las enfermedades de base.
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En muchos paises de renta media o baja, al menos la mitad de las muertes
de nifios se producen en casa, a menudo sin haber sido visitados por un
clinico. Sin embargo, en algunos casos, los nifios mueren en casa justo
después de haber sido atendidos en un centro sanitario. La mortalidad
hospitalaria es un contribuyente bien conocido de la mortalidad infantil y
se han desarrollado e implementado con éxito guias e intervenciones para
reducirla. Aunque la mortalidad posterior al alta hospitalaria (PDM) puede
ser tan alta como la mortalidad hospitalaria en entornos con recursos
limitados, es un fendmeno olvidado y poco estudiado. De hecho no se han
desarrollado guias, recomendaciones o estrategias adicionales para abordar
los dias inmediatamente posteriores a alta hospitalaria, el cual es un periodo
critico para la supervivencia infantil. La fragilidad de los sistemas de salud
en LIC, los altos costos inasequibles para atender enfermedades agudas
y la falta generalizada de conciencia sobre la carga y las implicaciones del
PDM por parte de los trabajadores de salud y los responsables politicos
explican en parte que la mortalidad durante el periodo inmediato al alta
hospitalaria permanezca relegada al olvido.

Para alcanzar el nuevo objetivo de mortalidad infantil establecido por los
Objetivos de Desarrollo Sostenible (SDGs) para 2030, es necesario mejorar
el conocimiento en enfermedades graves en aquellos paises con mayor
morbi-mortalidad y desarrollar e implementar intervenciones para abordar
las enfermedades que causan el mayor nimero de muertes entre los nifios
menores de 5 afios.

Esta tesis pretende abordar cuestiones relacionadas con las enfermedades
graves que causan la mayoria de las muertes en lactantes y nifios menores
de cinco afos y para las cuales no se han implementado intervenciones
especificas en Manhicga, un drea semirural en el sur de Mozambique.

Materiales y Métodos
Esta tesis se basa en investigaciones realizadas en el Instituto de Salud
Global de Barcelona (ISGlobal) / Hospital Clinic-Universitat de Barcelona
en Espafia, el Centro de Investigacion en Salud de Manhica (CISM) en
Mozambique y en la colaboracién con la London School of Hygiene and
Tropical Medicine de Londres.
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Esta tesis estd estructurada en siete articulos: tres publicados en revistas
internacionales peer-reviewed, uno aceptado pero todavia no publicado
y tres articulos adicionales actualmente en revision:

Vi.

Vii.

Un comentario sobre la carga y el impacto de la mortalidad neonatal
a nivel mundial y una discusién sobre las principales causas de muerte
en este grupo de edad;

ii.Una revision sistematica sobre la incidencia global de la enfermedad

invasiva por GBS en lactantes menores de 3 meses, el riesgo de
mortalidad asociado (CFR) y los serotipos causantes de enfermedad,
actualizando las estimaciones previas;

Un estudio transversal que investiga la epidemiologia de las infecciones
por GBSy E. Coli en Manhica, un drea semirural del sur de Mozambique,
con el fin de determinar la prevalencia y los factores de riesgo de
la colonizacidn materna y la aceptabilidad por parte de las mujeres
del uso de hisopos vaginales y rectales para la deteccién de GBS y
de E. coli;

Una revision de la epidemiologia de las infecciones congénitas en
paises empobrecidos;

Un estudio transversal para determinar la prevalencia de transmisién
vertical de CMV, EV y B19V en Manhica;

Un analisis retrospectivo de los datos utilizando el sistema de vigilancia
de la morbilidad (MSS) en curso en el hospital distrital de Manhica
para describir la prevalencia e incidencia de hipoglucemia entre los
nifios mozambiquefios ingresados, la distribucién entre los grupos
de edad y el CFR asociado;

Un analisis de datos retrospectivo utilizando datos del MSS y del
sistema de vigilancia demografica (DSS) en curso en el distrito de
Manhicga, disefiado para conocer la carga del mortalidad post-alta
pediatrica en el area, identificar predictores de mortalidad después
del alta y desarrollar modelos que podrian estratificar eficientemente
a los nifios segun el riesgo del PDM .

Los siete articulos han sido escritos por el autor de esta tesis como primer
autory abarcan metodologias variables, que incluyen investigacion original,
revisiones y meta-analisis.
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Resultados Clave
Los estudios incluidos en esta tesis proporcionan resultados importantes
y resaltan las lagunas de conocimiento que contribuiran a mejorar nuestra
comprensién de las enfermedades graves que causan la muerte entre
lactantes y nifios africanos y para las cuales todavia no se han implementado
intervenciones en Mozambique.

El primer articulo reviso la carga general de mortalidad neonatal, destacando
la importancia de reducir la tasa de mortalidad neonatal (NMR) para
alcanzar el objetivo especifico para la supervivencia infantil establecido
por los SDGs para el afio 2030, ya que las muertes neonatales representan
casi la mitad de las muertes entre los niflos menores de cinco afios. Los
esfuerzos nacionales e internacionales deberian enfocarse en este grupo
vulnerable y por lo tanto, lograr una cobertura universal de aquellas
intervenciones que han demostrado ser efectivas reduciendo la mortalidad
neonatal, especialmente en aquellos paises con mayor carga para alcanzar
el ambicioso objetivo de reducir la mortalidad infantil a 25 por 1000 recién
nacidos vivos (LB) para el afio 2030.

La revisidon sistematica y el meta-andlisis en enfermedad invasiva por GBS
representan una actualizacion importante de la revisidn previa ya que
incluyen nuevos datos paises de renta media y baja (18 nuevos estudios
de 10 paises). La incidencia combinada de enfermedad GBS invasiva en
recién nacidos <90 dias fue de 0,49 por 1000 LB (IC del 95%: 0,43-0,56),
y fue mas alta en Africa (1,12) y mas baja en Asia (0,30). La incidencia de
EOD fue de 0,41 (IC del 95%: 0,36 a 0,47) y la incidencia de LOD fue de
0,26 (IC del 95%: 0,21 a 0,30). El CFR global fue del 8,4%, siendo mas alto
en Africa (18,9%, IC del 95%: 13,7-24,0), cuatro veces mayor que en los
paises desarrollados (4,7%, 3,3-6,1). El CFR de los casos de EOD fue del
10.0% (95% Cl 7.0-12.0) siendo del 5.0% en los paises desarrollados y del
27.0% en Africa. El CFR entre los casos de LOD fue del 7.0% (95% CI 4.0-9.0)
también mas bajo en los paises desarrollados (4.0%) en comparacién con
Africa (12.0%). El serotipo IIl (61.5%) fue el mas frecuente, con 97% de los
casos causados por los serotipos la, Ib, I, Il y V.

El tercer articulo esta enfocado a la colonizacién materna por GBSy E. coli
en un area semi-rural de Mozambique. El estudio encontrd que el 21.3% de
las 320 mujeres reclutadas en el estudio eran portadoras de GBS, mientras
que el 16.3% eran positivas para E. coli. La prevalencia de VIH entre las
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mujeres embarazadas que participaron en el estudio fue del 36,6%. No se
encontré asociacion entre estar colonizado por GBSy E. coliy factores de
riesgo maternos. Todos los aislamientos de GBS fueron completamente
susceptibles a penicilina y ampicilina. Los serotipos V (32.4%), la (14.7%)
y Il (10.3%) fueron los mas cominmente encontrados y el 69.2% de las
mujeres evaluadas tenian inmunoglobulina G (IgG) contra GBS. Los aislados
de E. coli mostraron resistencia a la ampicilina en 28.9% y co-trimoxazol
en 61.3% de los casos.

La revisidon de la epidemiologia de las infecciones congénitas en paises de
renta media y baja abarcé un periodo de 45 afios y destacé que la carga
de infecciones congénitas puede ser mayor en estas regiones que en los
paises industrializados, aunque existen lagunas importantes respecto a
los datos.

El quinto articulo incluido en esta tesis tenia como objetivo describir la
prevalencia de varias infecciones congénitas en una cohorte de recién
nacidos. El estudio encontré que 37 de 118 madre de estos recién nacidos
eran VIH positivas. La prevalencia de infeccién congénita por CMV,
detectada por reaccién en cadena de la polimerasa a tiempo real (RT-PCR)
a través de muestras de sangre seca de corddn umbilical, fue del 2.6%
(3/115) y del 6.3% (3/96) cuando se evalué mediante RT-PCR en aspirados
nasofaringeos obtenidos de neonatos al nacimiento. La concordancia
entre los resultados encontrados mediante RT-PCR en ambas muestras
fue moderada (Kappa = 0,42 yp <0,001). No se encontraron diferencias en
la prevalencia de la infeccion congénita por CMV entre los expuestos al
VIH y los no expuestos (OR 1.26, 95% Cl 0.16—9.89, p=0.83). Todas (100%)
madres fueron IgG seropositivas para CMV. RT-PCR de EV y B19V en las
muestras de corddn fueron negativos en todos los casos evaluados. No se
encontraron hallazgos histoldgicos especificos en los tejidos de la placenta
ni tampoco se encontraron factores de riesgo asociados a la transmisién
vertical de estas infecciones virales.

El articulo sexto pretendia caracterizar los episodios de hipoglucemia entre
todos los ingresos pediatricos en un Hospital distrital de Mozambique por
un periodo de 13 afios. La prevalencia global de hipoglucemia del 3.2% (<3
mmol/L) entre los 45 573 nifios <15 afios hospitalizados debido a cualquier
enfermedad. De ellos 2/3 (972) tuvieron niveles <2.5mmol/L. Los nifios
con hipoglucemia tenian una probabilidad significativamente mayor de
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morir (OR 7.11; p <0.001), con un CFR asociada de 19.3% (245/1267). Los
factores de riesgo independientes para presentar hipoglucemia al ingreso
asociados a mortalidad incluyeron la postracién, la pérdida del conocimiento,
el edema, la malnutricion y la bacteriemia. La tasa minima de incidencia
de hipoglucemia basada en la comunidad fue de 1.57 episodios/1000
nifos-afios a riesgo (CYAR), disminuyendo significativamente a lo largo
del periodo de estudio. Los recién nacidos mostraron las incidencias mas
altas (9.47 episodios/1000 CYAR, p <0.001).

El dltimo articulo incluido en esta tesis evalud la carga de mortalidad
post-alta entre nifios mozambiquefios menores de 15 afos hospitalizados
en el Hospital distrital de Manhiga. El estudio encontré una mortalidad
post-alta global del 3.6%, con la mitad de las muertes ocurriendo en los
primeros 30 dias. Un modelo predictivo primario para todas las edades
(<15 afios) incluia: menor edad, desnutricidon, antecedentes de diarrea,
sintomas de neumonia clinica, postracién, VIH y/o sintomas asociados
a la desnutricién, bacteriemia, estado VIH positivo, estacion lluviosa y
transferencia o fuga del hospital, con un area bajo de la curva (AUC) ~
80% durante todo el seguimiento. Los modelos alternativos basados en
el primario pero simplificados para ser adaptados a diferentes contextos,
tuvieron un rendimiento similar. Un modelo especifico para lactantes
<3 meses identificé como predictores de mortalidad: ser recién nacido,
un bajo peso para la edad, dificultad para respirar, hipotermia o fiebre,
candidiasis oral y antecedentes de fuga o traslado a otro hospital, con un
AUC ~ 80% durante los 90 dias de seguimiento. Al aplicar estos modelos
como un algoritmo en el momento del alta, se identificarian alrededor del
80% de los nifios con alto riesgo de mortalidad en los primeros 90 dias
después del alta hospitalaria y se podria hacer una mejor planificacion del
alta tratando de evitar la muerte en el hogar.

Conclusiones y Recomendaciones

Para alcanzar el objetivo especifico para la mortalidad infantil establecido
por los SGDs para el afio 2030, se necesita un progreso acelerado en la
reduccién de la mortalidad neonatal en los paises con mayor mortalidad
infantil. Si este objetivo no es considerado una prioridad, el mundo no
lograra reducir significativamente la mortalidad infantil global. La cobertura
universal de las intervenciones esenciales tiene el potencial de reducir
las muertes neonatales, beneficiar a las mujeres y los niflos después del
primer mes de vida y reducir el nUmero de mortinatos.
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La enfermedad GBS es una causa importante de sepsis infantil y meningitis
a pesar de las limitaciones en los datos. En Africa, donde la incidencia es
mas alta, la mortalidad asociada al GBS es también la mas alta y cuatro
veces mas alta que en los paises desarrollados, lo que sugiere que esta
es la region donde las estrategias de prevencién son mds importantes de
introducir. El serotipo Il representé mas de la mitad de todos los aislamientos
causantes de enfermedad invasiva en los lactantes menores de 3 meses.
Las estrategias preventivas existentes que usan IAP generalmente no estan
disponibles en paises empobrecidos, los cuales también presentan un mayor
numero de partos en el hogar y un acceso tardio a las instalaciones sanitarias
en el momento del parto, haciendo mas dificil de implementar la IAP. La
vacunacién materna es una estrategia alternativa muy prometedora ya que
los datos que tenemos sugieren que una vacuna conjugada pentavalente
(que incluya los serotipos la/lb/Il/I/V) cubriria casi todos los serotipos
causantes de enfermedad (97%) en nifios pequefios en todo el mundo.

En el sur de Mozambique, la prevalencia de la colonizacién por GBS y E.
coli entre las mujeres embarazadas es alta y comparable a las reportadas
en entornos similares y en paises de rentas altas. La infeccién por VIH
no fue un factor de riesgo para la colonizacién por GBS o E. coli en este
estudio. El serotipo V fue el mds prevalente en Manhigca, Mozambique
y difiere de los encontrados en la mayoria de los estudios realizados en
otros paises. Por lo tanto, es esencial identificar los serotipos prevalentes
en cada region con el fin de conocer los posibles requisitos de cobertura,
impacto e implementacidn de futuras estrategias de vacunacion anti-GBS.

Otras infecciones transmitidas de la madre al hijo también pueden ser
una causa importante de enfermedad grave y conducir a la mortalidad en
entornos de recursos limitados. Las estimaciones en los paises de renta
media y baja indican que la carga de las infecciones congénitas puede ser
mayor en estas regiones que en los paises industrializados. La transmision
vertical de CMV en el sur de Mozambique es mas alta que en paises ricos
y al menos tan alta como en otros entornos similares en SSA. Se necesitan
estudios adicionales y con mayor muestra para evaluar el verdadero impacto,
la relevancia clinica y las consecuencias de las infecciones congénitas de
CMV, B19V y EV en entornos con recursos limitados.

La hipoglucemia es una complicacién comun de muchas enfermedades que
causan la hospitalizacion en nifios en Mozambique, especialmente entre
recién nacidos y niflos con infecciones graves y esta asociada con un riesgo
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de muerte excesivo e inaceptable, considerando que es una complicacion
tratable. Una sola determinacién de glucemia al ingreso no es suficiente
para descartar la hipoglucemia entre los pacientes ingresados y deberia
ser evaluada de manera recurrente durante la hospitalizacion. Se deben
investigar urgentemente alternativas diagndsticas y terapéuticas mejores,
mas baratas y mas innovadoras para abordar de forma mas eficiente las
consecuencias de la hipoglucemia en los paises empobrecidos.

Finalmente, se deben desarrollar intervenciones para abordar las muertes
infantiles ocurridas en el hogar. La mortalidad después del alta es un
contribuyente importante aunque poco reconocido de la mortalidad infantil.
La mortalidad en los primeros 90 dias después del alta hospitalaria es mayor
que la mortalidad durante el ingreso, especialmente en los primeros 30
dias posteriores al alta, como se ha mostrado por el estudio llevado a cabo
en un hospital semi-rural del sur de Mozambique. Un algoritmo predictivo
simple basado en variables faciles de recoger podria identificar facilmente
a la mayoria de lactantes y nifios con alto riesgo de morir después del alta.
Las perspectivas futuras de investigacion deberian considerar la validacion
de modelos predictivos en diferentes contextos y la evaluacidn prospectiva
de su precision para identificar a los niflos en riesgo de morir después del
alta cuando se aplican al momento del alta hospitalaria en entornos con
recursos limitados. Esto podria permitir disefiar una mejor planificacién
posterior al alta, educacion en higiene y salud para las familias y estrategias
de un mejor y mas accesible seguimiento.

Para todo ello, es necesario continuar invirtiendo en la recopilacién de datos
sobre mortalidad infantil y comprender las circunstancias que rodean a la
muerte de un nifio tanto después de un alta hospitalaria como aquellas
ocurridas en casa sin haber tenido acceso a un hospital. Estos datos pueden
ser muy utiles para disefar estrategias innovadoras, efectivas y viables
para reducir la mortalidad infantil.



01 | INTRODUCTION



38 Introduction

1. Historical perspective of Under-five child mortality

1.1 The pre-Millennium Development Goals era

Child mortality has been the scope of study by multiple disciplines over
time and the large number of studies published focusing on this subject
testifies its long-established and enduring appeal. The topic has been
important not only for the Medical Sciences but also for other fields such
as Demography, Anthropology and Social Sciencesl. The first attempt to
measure child mortality was conducted in the 17" century, when infant and
child deaths accounted for one third of the total number of deaths every
year’. However, the modern features of statistical analysis of infant and
child mortality were not assumed until the second half of the 19" century
and the first decades of 20" century when it started to be recognized as a
national social problem and an obstacle to population growth in Europe’. It
was at that time when the use of infant and child mortality as an indicator
of development and modernization acquired greater relevance, since it
played a crucial role in health transition patterns and in demographic
modernization of Western countries’.

Analysing this historical perspective, it is not surprising that considerable
research has focused on infant and child mortality in terms of temporal
evolution, geographical differences and causes of death (CoD).

Focusing on more recent data, the Global Burden disease (GBD) and the
Child Health Epidemiology Reference Group (CHERG, now called the MCEE,
Maternal and Child Epidemiology Estimation group) approach had made
huge endeavours to measure disability and mortality rates, analysing the
causes worldwide since the early 1990s. In that year, more than a quarter
century ago, 12.1 million (12.0-12.2) children under five years of age (U5)
were estimated to have died, being the mortality rate (MR) 87.1 (84.5-90.1)
per 1000 live births (LB). Of them, 4.6 million (4.5- 4.6) were neonates
(babies in the first 28 days of life after birth), accounting for 37.6% of the
total under five mortality rate (USMR) in the 90s, while 31.2% of deaths
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were among infants aged 1-12 months and also 31.2% among children
between 1-4 years®. Child mortality rates were different across regions,
from 10.9 and 15.4 per 1000 LB in North America and Europe respectively
to the much higher USMR of 125.9 per 1000 LB in South Asia (SA) or 182.6
per 1000 LB in Sub-Saharan Africa (SSA), with many specific countries
having a mortality rate over 200 per 1000 LB*.

Global USMR decreased by ~1% from 1990 to 2000 (average 77.8 per 1000
LB) with the highest burden remaining in SA and SSA (91.8 and 156.9 per
1000 LB, respectively). However these regions achieved an important child
mortality reduction and many fewer countries had a USMR over 200 per
1000 LB compared to previous decade®’ (figure 1A and 1B)°. Demographic
studies demonstrated that such a gain in life-expectancy over time has mainly
occurred through improvement in child survival”®. Under this landscape the
world progressed towards the end of the millennium, and such a landmark
encouraged the United Nations (UN) and 149 heads of states to engage
in signing a global commitment with the aim of upholding human dignity,
equality and equity and with special emphasis on promoting the survival
of children as the most vulnerable. The Millennium Declaration signed in
2000, containing eight objectives for the international agenda, established
the Millennium Development Goals (MDGs). MDG 4 specifically targeted
a two thirds reduction of USMR by 20159, while MDG6 aimed at reducing
significantly the burden and impact of some of the major killers of children.

Under-five martality rate {probabiiity of dyisg by age S per $008 Wva birhs}, 1550

Figure 1. Global under five mortality rate in 1990. Source World Health Organization
(WHO) 2015, adapted from WHO website®
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Figure 2. Global under five mortality rate in the year 2000. Source World Health Organization
(WHO) 2015, adapted from WHO website®

1.2 The MDGs era

Since the establishment of the MDGs, the Global health community has
increased in size and number, with some organizations becoming exclusively
focused on the specific health areas targeted by the MDGs such as Newborn
and child health*. This has meant a significant injection of funds and
international resources for health, but also an amplified policy attention
in child health from national governments, which have encouraged the

increase in their domestic funding and financial commitments towards
child health**.

Amid such development assistance for health, the implementation and
scale-up of many life-saving interventions targeting various leading causes
of under-5 deaths as primary accelerators of child survival during this
time, has triggered an unprecedented progress in the reduction of child

4,11

mortality worldwide™".

At the end of the MDG era, 2015, 5.9 million of children U5 died, yielding an
US5MR of 42.5 per 1000 LB. 30.1% of these deaths took place in SA, 25.3%
in Western SSA, and 15.6% in Eastern SSA. The USMR ranged between
1.9 per 1000 LB in Andorra and 130.5 per 1000 LB in Chad among 194
countries. The ten countries with the highest USMR were all in SSA and
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had U5MRs above 90 per 1000 LB. In 2015, almost half of all U5 deaths
occurred in the neonatal period (2.7 million, 45.1%)". Neonatal mortality
rate (NMR) generally was superior to mortality rate for older children in
many regions. For instance, in SA, NMR nearly tripled the post-neonatal
MR in 2015 (29.8 per 1000 LB vs. 12.1 per 1000 LB)*. For other regions
such as western and central SSA, mortality rates were higher in children
aged 1-4 years. India recorded the largest number of U5 deaths in that
year, followed by Nigeria and Pakistan. Mali had the highest NMR with 40.6
per 1000 LB closely followed by Central African Republic and Pakistan®.

From 1990 to 2015, USMR thus decreased by ~50%, with 16,000 fewer
daily deaths in 2015 in comparison to the 35,000 in 1990, and overall 4
million fewer U5 annual deaths than those occurring in 2000**'. Despite
this huge achievement, the estimated global annual reduction rate (ARR)
of USMR in 1900-2015 was 3.0%* and 4.0%" in the period 2000-15,
both falling below the 4.4% per year pre-defined milestone required to
achieve the MDG4 during the interval 1990-2015. In this period, of the
195 countries with data available, 58 met or surpassed this MDG4 target,
most of them in North Africa and the Middle East, Central Europe, South
East Asia (SEA), and Western Europe. Only two were in SSA. Among those
achieving 4.4% ARR, 32 countries were classified as lower-middle income
(LMIC) or upper-middle-income countries (UMIC) by the World Bank,
and only four (Cambodia, Ethiopia, Liberia, and Nepal) were categorised
as low-income countries (LIC)*. However, an acceleration of progress in
reducing under-5 deaths has been observed during the 2000-2015 period,
in which 16 countries in SSA achieved the MDG4 target, compared with
the only two that had achieved that rate of reduction between 1990 and
2000. Many others countries who failed to achieve the 4.4% ARR from
1990 to 2015, including Russia, and other countries in Eastern Europe and
Central Asia, also reached or surpassed this milestone during the period
2000-2015° (Figure 3).

This improvement in child survival is considered one of the most notable
success stories of Global Health in recent times, highlighting the effect of
international and national partnerships focusing on ending preventable
mortality’. However, by the end of 2015, MDG4 target had globally not
been achieved'*.
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Figure 3. Geographical distribution of annualised rates of decrease in under-5 mortality, both sexes
combined, 2000-15. Adapted from GBD 2015 Child Mortality Collaborators Lancet 2016

2. Causes of global under-five child mortality

2.1 Sources for mortality estimates

Information on CoD is essential for policy definition, program designing
and monitoring of its implementation and eventual success. Although data
quantity and quality on mortality, especially in LIC and LMIC, have been
strengthened and improved in recent years® allowing more accurate and
reliable USMR estimates, data gaps remain large for high burden countries
where 90% of U5 deaths occur**. In these countries, the two conventional
sources of information on CoD are civil registration and vital statistics (CRVS)
and verbal autopsies (VA), two methodologies showing both a significant
level of imprecision™.

CRVS in resource-constrained settings, especially in rural or remote areas
where most of the people died at home, fail to provide timely, complete and
accurate vital statistics, and are not able to ensure a sufficient proportion of
certified CoD by a physician*. Most CoD estimates available in these contexts
thus derive mainly from deaths occurring in health facilities and in urban
settings, being poorly representative of mortality in the general population
and insufficiently reliable for public health purposes®.

The World Health Organization (WHO) currently recommends the use of
non-invasive indirect methods such as the VA, a protocolised procedure,
which allows the classification of CoD by the analysis of data derived from
structured interviews of family, friends, and caretakers of a deceased person
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to collect information on signs and symptoms experienced prior to death. This
information is then analysed, either by a physician or, more innovatively, by
automated computer algorithms, to yield a likely CoD that is coded according
to International Classification of Diseases (ICD) standards'®*". To date, VA has
been primarily used in research contexts. However, the accuracy of VA remains
its Achilles” heel as it depends in large part on the quality of the diagnostic
criteria, the type of diseases involved, the place where death occurs, and
the delay between death and VA. Deaths associated with non-specific signs
and symptoms are especially problematic, an issue particularly frequent for
perinatal and neonatal deaths®. Notwithstanding these important limitations,
VAs remain in many settings the only source of CoD data, and their practice
and improvement should therefore be encouraged™.

An additional source of data for our current understanding of the main
causes of child mortality, particularly among poor countries, is derived from
hospital records. However, several studies have shown that in settings where
diagnostic tools are scarce, and clinical diagnosis is seldom supported by
further diagnostic methods, the reliability of these pre-mortem diagnoses
may be low. When compared to diagnoses resulting from a pathological
autopsy, clinico-pathological discrepancies are often significant, and major
diagnostic errors very frequent™®,

Reliable ascertainment of CoD would require the use of post-mortem methods,
including as the gold-standard the performance of a complete autopsy
(CA). Such a method is seldom feasible in resource-constrained settings,
both because of the scarcity of trained staff, infrastructures or resources,
or due to its virtually nil acceptability on account of cultural and/or religious
beliefs”. Additionally, the fact that a large proportion of deaths occur at
home, outside of the health system, renders most deaths “invisible”* to the
official statistics, and not prone to such kind of investigations. Therefore,
due to the unreliability of the source of data used, the derived estimates
are prone to error and should be interpreted with caution.

2.2 Causes of child mortality over time

From the pre-MDG era to the end of the MDG era, estimates of the main
causes of child deaths have gradually changed at the global level". Leading
causes of U5 deaths in the 90s were lower respiratory infections followed
by neonatal preterm complications and diarrhoeal diseases in the second
and third positions, respectively (figure 4).
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The implementation of preventive, diagnostic and treatment interventions
strategies targeting various leading causes of U5 deaths such as malaria®?,
pneumonia®, diarrhoea®, measles” or Human Immunodeficiency virus (HIV)*
have likely contributed to reduce USMR in many places, also significantly

modifying the CoD rankings over time*.

From 2000 to 2015, MR associated to pneumonia, diarrhoea, neonatal
intrapartum related events, malaria, and measles were all reduced by more
than 30% (figure 4)**°. Collectively, reductions in these causes accounted
for more than 60% of the total reduction in USMR". In 2015, neonatal
preterm birth replaced lower respiratory infections as the principal cause of
US5MR. Different groups considered different diseases as the second most
common cause of USMR in that year. Estimates produced by the MCEE and
the WHO reported lower respiratory infections as the second main cause,
but the GBD group proposed in this position neonatal encephalopathy®.
The third position for these two different study groups included neonatal
intrapartum complications by Liu and colleagues**® and lower respiratory
infections for the GBD group®. According to this same group, diarrhoea was
downgraded from the third leading cause in 1990 and 2000 to the fourth
in 2015 (figure 4 and 5)**.

Figure 4. Leading 30 causes of global under-5 deaths for both sexei combined for 1990, 2005, and 2015.
Adapted from GBD 2015 Child Mortality Collaborators Lancet 2016
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Figure 5. Global causes of under-5 deaths in 2015. Adapted from Liu et al, Lancet 201611.

Although global and national estimates of CoD are an important input to global
health policy making, they are complex and need to have full transparency
and reproducibility to ensure reliability of the results. However, most child
deaths occur in LIC with sparse or absent data and hence, estimates of CoD in
children are inaccurate. Proof of that is the comparison of estimates produced
by the two main groups investigating overall CoD, GBD and MCEE, where
the number of annual deaths attributable to a single disease calculated by
each group may vary by more than 100 000 cases (figure 6)*°. Thus, these
estimates should be interpreted with a certain degree of scepticism; although
they may be the only information on CoD available.
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Excluding neonatal deaths, main conditions causing deaths among U5
children include pneumonia, diarrhoea and malaria*.

Pneumonia was estimated to cause 12.8% of death among children
aged 1-59 months in 2015. The Pneumonia Etiology Research for Child
Health (PERCH) Study has investigated in comprehensive manner pneumonia
aetiology in children aged 1-59 months in seven African and Asian sites™.
Preliminary results among HIV negative patients have reported that viral
infections are the most common cause of pneumonia. Among them,
respiratory syncytial virus (RSV) was the most common in 6/7 sites. Among
bacterial cases, Mycobacterium tuberculosis (TB) and streptococcus
pneumoniae (S. pneumoniae) were the most commonly found pathogens.
Ten pathogens accounted for ~80% of all pneumonia cases. CFR was 9.6%
and main pathogens causing death were TB, staphylococcus aureus (S.
aureus), Pneumocystis jirovecii and S. pneumoniae. Five of seven sites
had already implemented the highly effective anti-pneumococcal vaccine
(PCV), although some of them after the study started (PERCH study group,
personal communication). PCV has shown dramatic reductions in disease
and mortality rates in those countries in which it has been introduced25
and together with an improved case management have led to a decrease
of ~“40% on number of deaths due to lower respiratory infections from
2000 to 20154.

Diarrhoea was the estimated CoD in 8.6% of children among 1-59 months
in 2015. The Global Enteric Multicenter Study (GEMS) aimed to identify the
aetiology and population-based burden of paediatric diarrhoeal disease
in SSA and SA. Most attributable cases of moderate-to-severe diarrhoea
were due to four pathogens: rotavirus, Cryptosporidium, enterotoxigenic
E. coli and Shigella. CFR was 2.0% and most deaths were due to E. coli and
cryptosporidium. Interventions targeting these pathogens, an improvement
in case management such as for instance guaranteeing the rapid availability
of oral rehydration therapy’ or the wide implementation of the rotavirus
vaccine® have the potential to substantially reduce the burden of moderate-
to-severe diarrhoea. Altogether these factors have likely contributed to
the observed decrease by more than 30% of diarrhoea related deaths
from 2000 to 2015".

In 2015, there were 50 million less malaria cases compared with estimated
numbers in 2000* and deaths due to malaria dropped by more than 40%
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in the same period4. Today, malaria is still responsible for an estimated
5.2% of all child deaths, according to global estimates®. The implementation
of different preventive measures against malaria, including the use of
indoor residual spraying®, the massive deployment of insecticide-treated
nets’**, the implementation of intermittent preventive treatment during
pregnancy™, in addition to the improvement of case management through
early diagnosis using rapid diagnostic tests35,36 or artemisinin-based
combination therapies24 have significantly contributed to the reduction
of the burden of this disease, historically one of the main child killers.

There are other well-known causes of child mortality although not
usually listed as direct causes of death and therefore often forgotten in
global estimates analyses. Some of diseases described above may affect
malnourished children, neonates born with a low weight or small for
gestational age (SGA)™. In many cases, the fatal outcome is determined
by the underlying condition rather than the acute disease.

Around 45% of deaths among children U5 are linked to undernutrition.
These mostly occur in LIC and LMIC. However, this condition does not
appear sufficiently reflected among global estimates. Malnutrition affects
all regions of the world. In 2017, WHO reported that there are still 155
million children U5 affected by chronic malnutrition and 52 million by
acute malnutrition, most of them living in Africa and Asia. The high and
middle-income countries have managed to halve the incidence of chronic
malnutrition since 2000, while the LIC have more children with chronic
malnutrition now than they did 15 years ago. Severe malnutrition is
associated to higher mortality than chronic malnutrition. The highest
incidence of acute malnutrition occurs in Asia and Africa, where ~30-35%
of the children U5 who suffer from acute malnutrition meet criteria of
severe acute malnutrition®.

Being born too soon has been already mentioned as the leading CoD among
neonates, but being born too small is also a factor that increases the risk
of death or disability®. Being born small might be due to prematurity or
SGA, or a combination of the two. Traditionally, low birth weight (LBW)
defined as weigh at birth <2500 g has been more used as a marker for
highest mortality and morbidity risk than SGA™*. SGA babies might have
grown healthily but be constitutionally small, or might have suffered
intrauterine growth restriction (IUGR) due to placental insufficiency (e.g.,
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pre-eclampsia or placental malaria), fetal reasons (such as multiple birth),
environmental exposures, or nutritional factors especially driven by
maternal pre-pregnancy nutritional status™. SSA and SA are the regions
which concentrate higher numbers of SGA (32 million per year). Two thirds
of SGA neonatal deaths are term LBW babies, which double the risk of
neonatal mortality in comparison to their term-appropriate for gestational
age peers. Preterm-SGA babies are 15 times more likely to die, with ongoing
mortality risk after the neonatal period®.

On the other hand, the emergence of certain complications, such as for
instance hypoglycaemia, are a proxy of the severity of illness in childhood,
as they may appear in the course of any severe or life-threatening disease
(malaria, sepsis, diarrhoea cases, malnutrition or neonates in general).
Hypoglycaemia may affect both, children and adults®**, being newborns
and malnourished children the most vulnerable groups**. In SSA, its
prevalence among paediatric admissions has been estimated to range
between 1.8% and 7.3% “*°. Severe and prolonged hypoglycaemia can
result in mental retardation, neurological deficits and recurrent seizures
or even death**. In the developing world, hypoglycaemia remains an
insufficiently recognized killer of children, as it is seldom diagnosed and
whenever detected, often poorly managed, mainly in relation to the lack
of simple equipment or trained staff.

In many resource-constrained settings, at least half the child deaths occur
at home, often without having been attended by a clinician. In some cases,
though, deaths occur also at home, but soon after a contact with the health
system. Inpatient mortality is a well-understood contributor to overall child
mortality and algorithms for diagnosis and treatment of acute diseases have
been developed in the last decades, in order to address the management
of diseases causing more U5 deaths during the acute phase49. However,
post-discharge mortality (PDM) could be as high as inpatient mortality in
LIC, but is also a neglected and understudied CoD. Indeed, no guidelines,
recommendations or further strategies have been developed to address
the care of patients during the days immediately following discharge, a
critical period for child survival. Reasons to remain neglected are likely
multifactorial: huge burden and high costs to provide care for acute illness,
limited resources in the settings with higher incidence of post-hospital
deaths and lack of awareness about its burden by health care workers>**.
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Mortality following discharge in industrialized countries is limited to certain
small high-risk groups®**. However, in resource-constrained settings, children
appear to be at increased risk of mortality following hospitalisation for any
illness®**°. Some of these studies have explored risk factors associated to
higher risk of dying after a hospital discharge. The most important predictors
of PDMin LIC are history of previous hospitalizations, young age, HIV infection
and hospitalizations related to malnutrition or pneumonia but no algorithms
to identify children with higher risk of dying after a hospital discharge have
been developed so far’.

3. The most vulnerable time for a child’s survival: The neonatal period
3.1 Progress on neonatal care from the pre-MDG era to end of MDGs
Between 1990 and 2015, global neonatal deaths decreased by 42.4%, from 4.6
million deaths in 1990 to 2.7 million in 2015**. Despite of such an unprecedented
progress, the relative contribution of neonatal mortality to the overall burden
of U5 deaths is increasing. Due to the slower decline of neonatal mortality
relative to mortality in older children, the fraction of neonatal deaths relative
to overall U5 deaths increased from 37% in 1990 to 45% in 2015, a fact that has
been considered by the expert community as “the unfinished global agendain
the MDG era”. Whereas reduction of mortality in infants aged 1-12 months in
the same period was 50%, or 59.8% among children aged 1-4 years, reduction
on NRM has been lagging behind mortality among older age groups, with an
annual decrease of 3.1% compared to 4.7% in older children®*®,

Some countries and regions have achieved rapid NMR reductions between
1990 and 2015 and other countries and regions only small changes. The
highest NMR remains in SA (29.8 per 1000 LB) and SSA (27.8 per 1000 LB),
rates more than 10 times higher than those in western Europe (1.9 per 1000
LB)4,5,12. Such regions with high NMR now account for more than 75% of
the neonatal death burden and tend to have the slowest progress in reducing
NMR. Continuing with this trend of declining rate, it will be over a century
before a neonate from SSA has the same survival probability as one born in
Europe (figure 7). Approximately 7000 newborns die in the first month of
life every day, most of these deaths occurring in the first week, with about 1
million deaths taking place during the first 24 hours of life, and an additional
million deaths within the following six days™*'.

The targeted MDG4 consisting in two-thirds reduction of USMR by 2015 would
have been possible if neonatal causes had been declining at a similar rate to
that witnessed in the 1-59 month age group™*.
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Figure 7. Time for each region to reach the same chance of nﬁonatal survival as in 2012 for newborn babies in
high-income countries. Adopted from Lawn et al Lancet 2014 .

3.2. Leading causes of neonatal death
The majority of neonatal deaths result from preventable causes such as preterm
birth complications (accounting for 35% of neonatal deaths), complications
during labour and delivery (24%), and infectious diseases (15% sepsis/meningitis,
6% pneumonia, 1% tetanus, 1% diarrhoea) and congenital abnormalities
(11%)*. Intrapartum-related conditions (also called birth asphyxia) and preterm
birth dominate as causes of death in the early neonatal period (0-6 days),
and infections are common in the later period (7-27 days), although they can
also occur in the first days of life (figure 8)11,12. Approximately 99% of all
child deaths are now circumscribed to these settings**.
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Figure 8. Leadinglgauses of death by early and late-onset disease during neonatal period. Adapted from Lawn
et al Lancet 2014 .
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3.2.1 Preterm birth complications

Preterm deliveries are those that occur before the completion of at least
37 weeks of gestational age. Over the past 20 years, the prevalence of
premature birth has risen worldwide. The burden of being born preterm
is greatest in LIC and LMIC, where an estimated 13.7 million infants were
born too soon®,

Direct complications of preterm birth were responsible for an estimated
36% of the world’s 2.7 million neonatal deaths in 2015, making preterm
birth the most common single CoD in children U5". Preterm birth also
increases the risk of death due to other causes, especially neonatal
infections®. Hypothermia and malnutrition secondary to poor feeding further
increase vulnerability being particularly important in resource-constrained
settings®. In addition to its direct contribution to mortality, preterm birth
can have lifelong effects on neurodevelopment, with increased risks of
cerebral palsy and neurological impairment. Preterm birth is estimated
to be responsible for 77 million disability-adjusted life-years (DALYs), 3.1%
of the global total, an estimate similar to the burden of HIV or malaria®.

Since complications of preterm birth are the first cause of neonatal deaths,
it is essential to further characterize what are the risk factors associated
with preterm birth. Delivery for maternal or foetal indications (such as
pre-eclampsia or eclampsia, IUGR, among others), spontaneous preterm
labour with intact membranes and preterm premature rupture of the
membranes (PPROM) are the main causes of preterm birth and addressing
them should be a priority in order to reduce NMR®,

3.2.2 Infectious diseases

According to the global estimates of causes of neonatal deaths in 2015
and 2016, infections occupy the third position in terms of importance™*®.
However, in regions such as SSA the estimated number of neonatal deaths
secondary to infections remains unacceptably high (figure 9)%. Importantly,
some studies specifically describing causes of neonatal death have reported
infectious diseases as the principal cause among this age group. A multicentre
study including countries from Asia, SSA and Latin America used a specific
algorithm for identifying CoD designed to be applied in LIC and LMICs.
Among more than 3000 neonatal deaths, infectious diseases were reported
as the first global CoD, being the main in SSA and American sites, with
prematurity being the most important in the Asian sites®. Main neonatal
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CoD determined through minimally invasive autopsy (MIA) and complete
autopsy in 41 neonates in Southern Mozambique included infectious
diseases (66%), preterm complications (12%), congenital abnormalities
or malformations (10%) and intrapartum-related complications (7%) .
Unpublished data on CoD also obtained through minimally invasive tissue
sampling (MITS) methods in South Africa found that 73% of deaths among
preterm babies were due to infections (S. Madhi, personal communication).
Importantly, the two latter studies were able to identify the entire chain
of biomedical events leading to the death, thus allowing for a more clearly
identified evaluation of the underlying cause of death.

Sepsis, meningitis and pneumonia are the main syndromes causing neonatal
mortality, especially neonatal sepsis™®. Although different age cut-offs
have been used for considering neonatal sepsis, the most accepted one
is 0-89 days, a period that includes the totality of the neonatal period but
also goes beyond it. Early-onset disease (EOD, 0-6 days) is usually vertically
transmitted from mother to child causing EOD after an initial maternal
colonization of the vagina, rectum or urinary tract, and can be passed to
the offspring through the infection of the amniotic fluid, after membrane
rupture, or during passage of the neonate through the vaginal canal during
delivery®®” and usually presents as bacteremia without a focal source™.
Late-onset disease (LOD, 7-89 days) is commonly due to horizontal infection
(either community-acquired or hospital-acquired)’” and may be acquired
from nosocomial sources, from breast milk or from care providers™”® and
includes more commonly meningitis’™.

Incidence of all causes of culture-confirmed neonatal sepsis varies between
regions, ranging from 0.77 per 1000 LB in US”" to 5.46 per 1000 LB in Kenya™
or 5.9 per 1000 LB in South Africa’. This incidence may increase up to 36
per 1000 LB if only considering HIV infected infants.

Group B streptococcus (GBS) and Escherichia coli (E. coli) are the leading
causes of EOD and together other gram negative and positive microorganisms,
also cause LOD®**’®*', Around two-thirds of young infant disease is EOD®**,
Mother-to-child transmission (MTCT) of these pathogens is particularly
associated to neonatal sepsis, meningitis and pneumonia, but also with
preterm birth and very-low-birth-weight delivery, also associated to
neonatal mortality®* %,
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Figure 9. Geographical distribution of main causes of neonatal deaths. Adapted from Liu et al Lancet 201585.

Maternal GBS carriage during the period closely related to the delivery has
consistently demonstrated to determine the risk of vertical transmission, and
thus of neonatal ensuing disease®. GBS maternal colonization worldwide
is 18% according to a recent systematic review, being the highest in the
Caribbean (35%) and Southern Africa (25%), although most of the studies
were conducted in South Africa®. A systematic review published in 2012,
reported an overall incidence of invasive GBS disease among infants of
0.53 per 1000 LB, with the highest incidence being documented in Africa
(1.21 per 1000 LB), followed by the Americas (0.67 per 1000 LB) and the
lowest incidence in Southeast Asia (0.016 per 1000 LB). Data from LIC are
limited, although in such settings higher case fatality risk (CFR) have been
described, such as for instance in Africa (22%) compared with the Americas
(11%) or Europe (7%) and almost two-fold higher among EOD cases (12.1%)
compared with LOD cases (6.8%)*. GBS was also associated to 1% of all
stillbirths in developed countries and 4% in those occurring in Africa®.

The primary intervention to reduce GBS-associated EOD involves the
administration of intrapartum antibiotic prophylaxis (IAP) to women
identified as either 1) being GBS carriers through microbiological screening
(35-37 weeks’ gestation)® of samples obtained from their genito-urinary
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or gastrointestinal lower tract; or 2) fulfil any of the different risk factors
associated to neonatal disease®®. In high-incomes countries (HIC), the
widespread implementation of the IAP strategy has essentially decimated
GBS EOD among those babies born to women in whom it was correctly
applied®. In those settings with IAP policy implemented, coverage of IAP
is linearly associated to the risk of GBS EOD. AS IAP coverage increases
the risk of GBS EOD decreases (from 1.1% in those settings with no IAP
policy to 0.03% in those with varying coverage of IAP combined)®. The
reduction of risk of invasive GBS EOD reaches up to 79% in setting with
high coverage of microbiological-screening based policy (e.g. United States
(US) or Spain) but decreases to only 50% when IAP consists in risk-based
strategy, even with an adequate implementation®. In LIC and LMIC, the
fragility of the health systems and the generalized lack of microbiology
facilities, in the absence of a reliable rapid point of care test for GBS, hinder
the applicability of the IAP strategy, therefore jeopardising the prevention
of life-threatening GBS neonatal infections™.

The IAP strategy has however not demonstrated any impact on GBS-
associated LOD***. Late-onset GBS infection typically presents as
bacteraemia, pneumonia or meningitis and less frequently as septic
arthritis, cellulitis, or osteomyelitis. Although LOD is less commonly fatal
than EOD, a recent systematic review on neurodevelopment impairment
(NDI) secondary to GBS meningitis found that among meningitis survivors,
32% had NDI at 18 months of follow-up, including 18% with moderate to
severe NDI*.

Despite Africa having the highest incidence risk of neonatal sepsis worldwide™,
the real burden of morbidity and mortality due to this condition has been
poorly quantified, on account of multiple reasons. Among them, low case
ascertainment, particularly among those born in home deliveries as 80-90%
of GBS EOD cases typically occur during the first 24 hours of life”, inadequate
access to care and/or high rapid CFR, particularly if cerebrospinal fluid
sampling is not obtained and cases of meningitis are thus not detected™.

E. coli is the second pathogen more commonly isolated among neonatal
sepsis cases in those settings equipped with proper microbiology surveillance
systems”’. However, epidemiological data on maternal colonization by E. coli
and its consequent impact in their offspring in this region are scarce. Maternal
E. coli colonization seems to be lower in Europe and Asia than in SSA,
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where limited data on the prevalence of vaginal carriage for this pathogen
ranges from 9.1% in Nigeria to 46.5% in South Africa’***®. The prevalence
of perinatal transmission of E. coli during delivery ranges between 21 to
50%'", being a clear predisposing factor to develop neonatal infections'®.
E. coli can be responsible for both EOD and LOD*®, although EOD has been
better studied””’. Incidence of EOD due to this pathogen is 0.18-0.28 per
1000 LB although almost all articles published were conducted in HIC""*",
It is considered the most frequent cause of invasive bacterial infection in
preterm infants, and the combination of infection and prematurity, as it
has already been highlighted, increases the risk of death81. It is also the
most common cause of stillbirths in developing countries'®.

For E. coli, contrarily to what occurs with GBS, no clearly defined preventive
strategies have been proposed to reduce the burden of MTCT of this
pathogen, and more research is needed to investigate the mechanisms
involved in its pathogenicity and potential strategies to prevent its burden81.
Moreover, antibiotic resistance is emerging a public health problem all over
the world, however is insufficiently recognized in SSA, where antibiotic
resistance rates are increasing and empiric and effective antibiotherapy

may become challenging’>****°.

Besides GBS and E. coli, some studies conducted in LMIC and LIC have
shown other microorganism that commonly cause invasive disease among
infants <3 months. A recently published study of the incidence of invasive
bacterial infections among young infants aged 0-89 days in a district
hospital in Southern Mozambique, found that the most common causes
of bacteraemia were S. aureus, followed by GBS, S.pneumoniae and
several different gram negative bacilli such as Klebsiella pneumoniae (K.
pneumoniae) and E. coli*”. By contrast, the Aetiology of Neonatal Sepsis
in South Asia (ANISA) study, which investigated the infectious aetiology of
young infants with possible serious bacterial infection (PSBI) in Bangladesh,
India, and Pakistan found that only 28% of infants had a specific bacterial
or viral aetiology identified. The most common pathogens in this large
case-control were RSV, Ureaplasma urealyticum and E. coli (ANISA study
group, personal communication). In contrast to the above studies of
community-acquired sepsis, a study of hospital-onset sepsis in neonates
admitted to a large university neonatal intensive care unit in Zambia
revealed that over 33% of enrolled neonates experienced one or more
episodes of sepsis. Notably, gram-negative organisms predominated with
K. pneumoniae isolated in 75% of positive blood cultures, with high number
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of K. pneumoniae isolates multi-drug resistant, and high sepsis-associated
mortality that ranged from 30 to 70%"*.

3.2.3 Intrapartum-related deaths

The process of labour and delivery is a traumatic one and an important
but preventable CoD for babies around the world. Intrapartum-related
neonatal deaths (previously called “birth asphyxia” deaths) is defined as
neonatal deaths of term infants with neonatal encephalopathy or who
cannot be resuscitated (or for whom resuscitation is not available) after
excluding other lethal causes such as lethal congenital malformations'®.
Almost one quarter of newborn deaths are attributable to intrapartum-
related events (637 000 deaths)™’, most of them birth asphyxia, but this
figure also includes a smaller group of infants who die from birth injury
without hypoxic brain injury—for example, organ rupture**®.

The burden of intrapartum-related deaths occur almost entirely in LIC and
LMIC, yet coverage of skilled birth attendance, considered a marker of
health system access and capacity, is lowest in countries with the greatest

neonatal mortality rates, maternal mortality ratios, and stillbirth rates'®.

In addition to this high mortality, such babies with birth asphyxia have a high
risk of neurological and developmental deficits that are difficult to predict.
Virtually all infants with mild neonatal encephalopathy who are normal
at the end of the first week of life will be free of long-term neurological
damage. The majority of infants with severe neonatal encephalopathy will

die or manifest severe neurological impairment'®.

3.2.4 Congenital abnormalities

Congenital abnormalities (also known as birth defects, congenital disorders or
congenital malformations) are defined as structural or functional anomalies
that occur during intrauterine life and can be identified prenatally, at birth, or
sometimes may only be detected later in infancy, such as hearing defects™’.
An estimated 303000 newborns die in the first 28 days of life every year,
worldwide, due to congenital anomalies'°. Moreover, birth defects cause
a significant albeit poorly quantified number of stillbirths*. It is estimated
that about 94% of severe congenital anomalies occur in LIC and LMIC, likely
due to a possible lack of access to sufficient nutritious foods by pregnant
women, an increased exposure to agents or factors such as infection and

alcohol, consanguinity or poorer access to healthcare and screening*.
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Congenital abnormalities may appear as the result of a single genetic
alteration or changes in the transmitted chromosomes, or a variety
of other conditions, including infections (i.e. TORCH syndrome or Zika
virus), nutritional issues (maternal malnutrition) or environmental factors
(maternal exposure to pesticides and other chemicals, as well as certain
medications, alcohol, tobacco or radiation during pregnancy), but it is usually
challenging to identify the exact causes110. The most severe congenital
anomalies are chromosomal alterations (as for instance trisomies or
other chromosomopathies), heart defects, or neural tube defects, which
could lead to death or can contribute to long-term disability, which may
have significant impacts on individuals, families, health-care systems, and
societies'™.

The current Zika virus outbreaks and their association with an increase in
microcephaly and other congenital malformations have raised great concern
across the world, particularly in the Americas'® and have contributed to
highlight the emerging threat that maternal viral infections may carry for
the health of the foetus and newborn**. Infections encompassed under
the TORCH syndrome are an important contributor of neonatal and infant
morbidity and mortality and, although they are an infectious cause, WHO
classifies them within the congenital abnormalities®. TORCH stands for the
following: Toxoplasma gondii (T. gondii) ; Other: syphilis, hepatitis B (HBV),
varicella zoster virus (VZV), HIV, parvovirus B19 (B19V), enteroviruses (EV),
lymphocytic choriomeningitic virus; Rubella virus; Cytomegalovirus (CMV)
and Herpes simplex virus (HSV)***%,

Perinatally acquired CMV infection stands out as the paradigm of the existing
infectious causes of congenital abnormalities, particularly in the context of
decreasing trends of rubella, measles or toxoplasma-associated congenital
syndromes. Congenital CMV (cCMV) infection is the most prevalent
congenital infection worldwide, varying the prevalence in live born infants
from approximately 0.2% to 2% (average 0.65%). CMV can be transmitted
to an infant during pregnancy (trans placental transmission), during
delivery (via contact with infected genital tract secretions), or postnatally
(via ingestion of contaminated human milk or direct contact with other
body fluids such as urine and saliva)116. Risk factors for congenital CMV
infection are HIV maternal CMV seroconversion during pregnancy117 and
pre-term delivery118. Higher overall rates of cCMV are found in countries
with higher maternal seroprevalence'***, leading to an increased chance
of reactivation within a host, reinfection of seropositive hosts or primary
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infection of seronegative hosts within the population. Prevalence of cCMV
may increase up to 10.3% in infants HIV-infected122-126. However, the
prevalence of CMV infection have decreased over time among neonates
exposed but HIV-uninfected, reaching levels similar to those observed in
the general population, following the introduction and increasing use of
highly active antiretroviral therapy (HAART) for prevention of MTCT of
HIV123,127.

In-utero CMV infection is potentially fatal to the foetus and, it is associated
with a range of adverse outcomes involving multiple organs such as liver
and central nervous system (CNS) and IUGR, especially when maternal
infection occurs before 20 weeks gestational age (GA). Among CMV infected
neonates, 10-15% have systemic disease at birth: fever, respiratory disease,
hepatosplenomegaly, hepatitis and jaundice and retardation of psychomotor
development. Neurological and sensory sequelae occur in 40%—58% of
neonates with symptoms, although 13.5% of children with no symptoms
at birth also developed such sequelae, in particular audito-neurological
complications, with hearing loss being the most prevalent******, Neonatal
mortality associated with symptomatic congenital CMV infection during
the first year of life is estimated to be over 10%***. HIV-infected newborns
also had a 3-fold higher risk for symptomatic congenital CMV infection
than uninfected newborns, and higher risk for infant mortality, and among
survivors, there is an accelerated progression of CNS disease, especially
developmental delay and worsening motor deficit***.

4. The Sustainable Development Goals (SDGs) era

4.1 New targets for 2030

At the end of the era of the MDGs, the international community decided
to renew the commitment to the world’s children agreeing on a new
framework: the Sustainable Development Goals (SDGs). The new target
for child mortality is to reduce in all countries U5 children deaths to a
maximum of 25 deaths per 1000 LB and neonatal deaths below 12 deaths
per 1000 LB®.

First estimates in the SDGs era show that the total number of U5 deaths
dropped to 5.6 million in 2016 and globally 2.6 million newborns died the
same year. The USMR was 41 deaths per 1000 LB in 2016, with disparities
across regions: 1 child in 13 dies before his or her fifth birthday in SSA,
while in HIC the ratio is 1 in 189. The NMR in 2016 was 19 per 1000 LB.
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By comparison, the probability of dying after the first month but before
reaching 1 year of age was 12 per 1000 LB, and during the period 1-<5
years of age was 11 per 1000 LB*. In SSA, about 1 child in 36 dies in their
first month of life, while in HIC the ratio is 1 in 333. The largest number of
newborn deaths in 2016 occurred in SA (39%) followed by SSA (38%) and
the countries with higher number of neonatal deaths were India, Pakistan,
Nigeria, the Democratic Republic of the Congo and Ethiopia (figure 10),
mostly reflecting also the crude numbers of deliveries occurring in such
hyperpopulated nations®.

Estimates on CoD in 2016 show that neonatal deaths accounted for 46% of
all U5 deaths, increasing their relative contribution to U5 deaths (figure 11)%.
In that year, main CoD among neonates were preterm birth complications
(35%) followed by intrapartum-related events (24%), sepsis or meningitis
(15%), congenital abnormalities (11%), pneumonia (6%), diarrhoea (1%) and
tetanus (1%)*'. However, preliminary data on the causes of neonatal death
using MITS in South Africa have shown that infections were the immediate
CoD in 73% of 80 neonates with prematurity as underlying condition and
usually classified as preterm birth complications in global estimates (S.
Madhi, personal communication).

Necnatal mestality rates, by country and Sustainable Development
Goal regeon, 2018
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Figure 11. Global distribution of deaths among children under five years old by cause, 2016. Source United Nations
Inter-agency for Child Mortality estimation .

Drawing on the UN Sustainable Development Goals, the WHO targets
for universal civil registration of births and deaths targeting new goals to
achieve significant improvements in CRVS reporting by 2020*:

e  60% of deaths in per year are continuously notified, registered and
certified with key characteristics

e 80% of deaths in hospitals have a reliably cause of death determined
and officially certified in real time

* 50% of deaths in communities have probable cause of death determined
in real time, and collection systems designed in a representative way.

If current trends on child mortality continue, 60 million children U5 will
die between 2017 and 2030, being half of them newborns. Many lives can
be saved if the gaps across countries are closed. If every country achieves
the SDG target on child survival by 2030, an additional 10 million lives of
children U5 will be saved throughout the period 2017-2030 and about half
of them will be newborns®.

4.2 Strategies to reduce under-five child mortality

To save lives in those countries with higher USMR, it is critical to understand
the locally-relevant CoD, and to improve registration of data, as a necessary
step to design more efficient preventive and curative strategies.
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To address the goals targeting improvement in CVRS reporting is needed to
strength surveillances and vital registration systems, especially in those countries
with higher USMR. The use of more sophystified VA methods through tablet
computers, mobile communications and diagnostic algorithms has emerged,
making it possible to integrate VA into vital registration systems. Despite of
their alleged technical and methodological challenges, recent methodological
developments suggest that VA is ready for wider national application in routine
CRVS systems providing reliable information on causes of death*.

Innovative approaches such as the newer but less invasive post-mortem
sampling methods to investigate CoD (MIA or MITS) have been validated by
comparing with CA results and they can identify with significant precision and
accuracy the ultimate cause of a child’s death, with the additional significant
advantage of being much more acceptable than traditional more invasive
methods™***. Currently MITS are being investigated as a useful tool for CoD
determination in children, including stillbirths and newborns through the
Child Health and Mortality Prevention Surveillance Network (CHAMPS)®***,
Although such methods can be utilized in resource-constrained settings for
CoD investigation and mortality surveillance, understanding the external
validity of these approaches and generated estimates is crucial before using
them to change preventive strategies'** Generation of new evidence on
causes of death through CHAMPS network should lead to a continuous
review of guidelines and interventions on child and neonatal care.

According to last estimates available, most U5 deaths are caused by diseases
that are readily preventable or treatable with proven, cost-effective
interventions. Infectious diseases and neonatal conditions are responsible
for the vast majority of U5 deaths globally™***,

The implementation of many life-saving interventions targeting various
leading causes of U5 deaths have significantly contributed to improve child
survival during this time*”’, including among others insecticide-treated nets***
artemisinin-based combination therapies™, the prevention of mother-to-
child transmission of HIV** and other evidence—based interventions such
as highly efficacious vaccines®?, oral rehydration therapy for diarrhoeal
diseases™ or antibiotics for pneumonia or neonatal sepsis™. Additionally,
management of environmental risks, such as water and sanitation, have
surely also contributed to reduce child mortality in many countries and

138

they should be maintained or up-scaled globally™.
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However, considering that almost half of USMR occurred in the neonatal
period™, especially in LIC and LMIC**, financial, international and national
endeavours and interventions should be addressed to enhance main causes
of neonatal deaths®***’. An expert group has reviewed a panel of published
interventions and care-based strategies and analysed which of those
interventions may effectively improve neonatal and child survival, and what
may work but still requires more evidence to assess their potential impact
and effectiveness**’. Among six interventions identified as clearly effective
to reduce child mortality, four were found to be particularly effective among
neonates: antenatal corticosteroids for preventing neonatal respiratory
distress syndrome in preterm infants (>30% of NMR reduction); early
initiation of breastfeeding (NMR decreased by 44%); hygienic cord care (NMR
reduction of 23%) and kangaroo care for preterm infants which can reduce
neonatal deaths by 50%. Other promising interventions to reduce neonatal
and infant mortality reviewed by this expert group included: Antenatal
care; tetanus immunization in pregnancy; prophylactic antimalarials
during pregnancy; induction of labour for prolonged pregnancy; case
management of neonatal sepsis, meningitis and pneumonia; prophylactic
and therapeutic use of surfactant; continuous positive airway pressure
for neonatal resuscitation; and home visits across the continuum of care,
with a particular emphasis in a first post-natal visit. The same expert group
has estimated, in one of the “Lancet every newborn” series, that available
interventions could reduce neonatal deaths related to prematurity by 58%,
intrapartum problems by 79%, and infections by 84% among neonates and
that approximately 75% of all neonatal deaths could be averted by 2025 if
countries were to implement available interventions at a high coverage**.
These interventions need to be deployed to all and promoted from the very
outset. They need to be supported by other activities such as community-
based approaches in promotion of care and delivery, community engagement
and empowerment to increase women attending antenatal clinics and
numbers of facility births, and strengthening of the health system; to
ensure a proper antenatal care in these setting with higher burden of NMR.

Other interventions still on early research phase or recently incorporated
include: a) the development and implementation of new vaccines to
decrease vertically transmitted infectious diseases such as anti-GBS, against
RSV or anti-CMV vaccines, to be administered during pregnancy so as to
protect through the passive transfer of antibodies their newborns. Recent
estimates on GBS burden have shown that a vaccine with 80% efficacy
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and 90% coverage could prevent 229 000 infant and maternal GBS cases,
41 000 stillbirths, and 67 000 infant deaths per year* and that it would
be logistically easier to implement than other strategies such as IAP%;
b) WHO guidelines on simple, safe and effective antibiotic regimens for
outpatient treatment of clinical severe infections in those newborns for
whom access to referral care is challenging or simply not feasible**; c) To
develop algorithms applied at discharge to identify children with higher risk
of dying at home after a hospitalization would facilitate a more evidence-
based discharge planning with recommendations on home-based care

supported by community health workers*.

. Life-threatening conditions for children in Mozambique

Mozambique is a country located in SSA, with ~29 million inhabitants in
2016, classified by the World Bank as a LIC and occupying one of the last
ten positions in The Human Development Index**.

In 2016, the USMR in Mozambique was 71 per 1000 LB** and NMR was
27 per 1000 LB**. According to last reported national statistics in 2013,
overall prevalence of HIV in the country was 12.3% and 50% of pregnant
women were believed to attend antenatal care regularly, where B+ strategy
for the prevention of mother-to-child HIV transmission is offered to HIV-
positive mothers free of charge'’. About 50% of all births are attended by
skilled health staff, and 15.6% of children U5 are underweight'¥’. In 2013,
main CoD in this age-group included malaria, acute respiratory infections,
prematurity, birth asphyxia, diarrhoea, neonatal sepsis, HIV and congenital
abnormalities, similar to what has been described in global estimates.
However, coverage of cause of death registration is low, with updated
estimates unknown'’.

Data from Manhica, a semi-rural area in Maputo province (Southern
Mozambique) where the studies presented in this thesis were conducted, are
similar to national estimates regarding USMR and NMR. The demographic
structure of the Manhica population includes predominance of young
people, with nearly half of the population being under the age of 15 years.
For HIV, however, estimates appear to differ from national estimates, as
community based studies conducted among community adults in Manbhiga,
performed in 2010*** and 2012, reported an HIV prevalence of around
40%, with ~30% of the district’s pregnant women attending the antenatal
clinics at the Manhica District Hospital (MDH) being positive. A study
describing causes of mortality in children <15 years in the Manhica district
using verbal autopsies found that communicable diseases accounted for
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74% of the total deaths. Among them, infectious and parasitic diseases
(malaria, pneumonia, HIV and diarrhoea) were the most common CoD
followed by perinatal disorders. In this study, 54% of deaths occurred at

home, out of any health facility**°.

Recent published data on the incidence of invasive bacterial disease among
infants aged 0-89 days in the MDH during the last 15 years, reported
that the most common causes of bacteraemia were S. aureus, GBS and S.
pneumoniae, declining the incidence for all pathogens over time but not
for GBS. Incidence of invasive bacterial disease for all microorganisms was
9.2 per 1000 LB and CFR associated was 11.7%"".

Mozambique still has high USMR and NMR. If the country aims to achieve
SDGs target for child mortality by 2030, it must decrease USMR and NMR
by more than 50% in less than 15 years. Interventions to reduce some of
the main CoD such as malaria, acute respiratory infections or diarrhoea
have been already implemented in the last years, and a reduction on
mortality secondary to these diseases is already occurring and expected to
continue. However, implementation of interventions to reduce infectious
diseases among young infants and neonates has not seen the same impetus
than other interventions primarily targeting older children such as the
anti-pneumococcal or rotavirus vaccines or preventive measures against
malaria. Reasons for this may include a shortage of reliable estimates of
the main cause of neonatal deaths, underestimation or the real burden of
NMR since many neonates die at home without death registration, or more
generally difficulties in improving the health system so as to guarantee an
adequate and well-supervised delivery of interventions during pregnancy
or at delivery.

This thesis aims to address issues related with those severe diseases that
cause the majority of morbidity and deaths among neonates, infants and
children under five and for which no specific interventions have yet been
implemented. Most of the studies included this thesis have been conducted
in Manbhiga, a semi-rural area in southern Mozambique, and a paradigmatic
example of a resource-constrained setting.
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1. Hyphoteses
The hypotheses of this thesis include:

1.

Vertically transmitted infectious diseases such as GBS or CMV, for
which no interventions have been yet implemented in the majority
of low-income countries, are leading causes of morbidity and death
among African infants and children.

The prevalence of maternal carriage of GBS and E. coli in pregnant
women in southern Mozambique is comparable to its prevalence in high-
income countries, and may be increased among HIV positive women.
Complications of infectious diseases such as hypoglycaemia are
associated to a high mortality risk, which is even greater among
newborns.

Community deaths among children after a hospitalization are as high
as inpatient deaths and that there are specific risk factors that could be
identified on admission and help build algorithms to identify children
at a higher risk of dying.

2. Objectives

i. General objective

The overarching goal of this research thesis is to explore and better
characterize the burden and impact of vertically transmitted infectious
diseases among African children for which no interventions have been
implemented in low-income countries. Additionally, it aims to determine
the attributable mortality associated to hypoglycaemia, and the mortality
burden in children following hospitalization in a semi-rural hospital in
Southern Mozambique, and identify predictors of mortality following
discharge.
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ii. Specific objectives

1.

4,

5.

To comment on the burden and importance of neonatal mortality
globally, and discuss main causes of death among this age group (article 1)

To provide a comprehensive, systematic literature review and meta-
analysis on the global burden of infant invasive GBS disease (article
1), including:
a. Incidence of infant GBS disease: overall incidence risk, including
by stratification by EOD and LOD.
b. Case fatality rate for EOD and LOD and neonatal disease.
c. Serotype distribution: prevalence of GBS serotypes causing
GBS disease among infants under 3 months.

To investigate the epidemiology of GBS and E. Coli infections in Manhica,
Mozambique, in order to better characterize maternal carriage (article
1), including:
a. To estimate the prevalence for maternal carriage of 1) GBS
(vagina and rectal); and 2) E. coli (vaginal and urinary) in women
during the third trimester of pregnancy
b. To estimate differences in GBS carriage in pregnancy according
to HIV status.
c. To determine the antimicrobial susceptibility of GBS and E.
coli isolates.
d. To determine the most common circulating GBS serotypes in
order to estimate potential vaccine coverage by current available
GBS candidate vaccines.
e. Toassess the cultural context of acceptability of using vagino-
rectal swabs for GBS and E. coli detection by pregnant women in
Mozambique.

To review congenital infectious diseases in resource-constrained
settings (article IV).

To assess the prevalence of cytomegalovirus, parvovirus B19 and
enterovirus vertical transmission in Manhiga, Mozambique, and compare
results of screening of congenital CMV obtained from two different
specimens in a semirural Mozambican maternity (article V).
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6. To describe the prevalence and incidence of hypoglycaemia among
admitted Mozambican children, distribution among age groups and
associated risk factors and case fatality rates (article VI).

7. Todetermine post-discharge mortality risk among children less than 15
years of age over three different time-periods: 1-30 days, 31-60 days
and 61-90 days following any hospital discharge in a semi-rural area
from Southern Mozambique, Manbhiga (article VII), including:

a. Toidentify predictors of mortality following discharge.

b. To develop models that could efficiently stratify children
according to post-discharge mortality risk.

c. To examine time trends in post-discharge mortality.
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1. Thesis Research Context

This thesis is based on the research work undertaken under the umbrella
of the Barcelona Institute for Global Health (ISGlobal)/ Hospital Clinic-
Universitat de Barcelona, in Spain. ISGlobal is a research centre, fruit of
an innovative alliance between the “la Caixa” Foundation”, academic
institutions and government bodies, aiming to contribute to the efforts
undertaken by the international community to address the most pressing
challenges in global health. This thesis work has been directed by Prof.
Quique Bassat, with proven experience in epidemiology, cohort studies
and clinical trials in Mozambique.

All original research articles included in this thesis (four articles) are based
on studies conducted at the Centro de Investigacao em Saude de Manhica
(CISM) in Mozambique, with whom ISGlobal has a longstanding partnership.
The CISM was created in 1996 as part of a collaborative programme
between the Mozambican and Spanish governments through the “Agencia
Espafiola de Cooperacién Internacional para el desarrollo” (AECID) and
the Eduardo Mondlane University of Medicine (Maputo) and the Hospital
Clinic of Barcelona, to promote and conduct biomedical research on those
diseases with high morbidity and mortality among the local population.

Article Il included in this thesis is part of a project called “The Worldwide
Burden of Group B Streptococcus for Pregnant Women, Stillbirths and
Children” funded by Bill & Melinda Gates Foundation and led by The March
Centre of London School of Hygiene and Tropical Medicine (LSHTM).

2. Study Area and Research facilities
The District of Manhica is located within the Maputo province, at the very
southern part of Mozambique (Figure 12). Manhiga, capital of the District,
is a semi-rural town set on a plateau that borders the flood plains of the
Incomati River. There are two seasons, a hot and rainy one (November—
April) and a dry and cooler period during the rest of the year.
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The CISM (Figure 13A) runs a demographic surveillance system (DSS) in
its study area and a round the clock morbidity surveillance system (MSS)
at the Manhiga hospital and other peripheral health posts, through which
demographic data, signs, symptoms and diagnoses of all outpatients and
inpatients under the age of 15 years are routinely collected.

The MDH admits around 3,000 children under 15 years old annually (Figure
13B). The main causes of admission at paediatric ward of MDH are malaria,
pneumonia, diarrhoea, malnutrition, and neonatal pathologies**® (Figure
13C). HIV prevalence in the area is among the highest in the world*3®
however, there is no recent data about HIV in children in the study area.
The last national report, published in 20097 showed a prevalence of HIV
2.3% in children under 11 months, decreasing between 1 and 5 years (<1%)
and being 1-2% in children aged 5-9 years. In 2007, the prevalence of HIV
among 834 hospitalized children was 25.7%"2.

Figure 12. Manhica study area. Mozambique, Maputo province, Manhica district and CISM
study area.

The CISM has also contributed in recent years to the improvement of
antenatal care (ANC), and has standardized consultations to guarantee that
all women attending the hospital during their pregnancies are adequately
followed and studied within the constraints of the challenging resource-poor
environment (Figure 13D). In brief, more than half of the pregnant women in
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the area have at least one antenatal consultation (generally in their second
or third trimester), where HIV and syphilis screening is routinely offered.
Malaria transmission of moderate intensity is perennial with some seasonality
and, intermittent preventive treatment during pregnancy (IPTp) for malaria
prevention is recommended'’®. An average of 3500-4000 deliveries takes
place annually and it has been estimated that around 85% of all deliveries
are institutionalized (A. Nhacolo, personal communication) (Figure 13E). A
facility exists for pregnant women with risk factors for a complicated delivery
to settle by the hospital in attendance of labour, facilitating a supervised
delivery (“waiting home”).

Manhiga is the paradigm of a poor, resource-constrained rural SSA setting,
with a population predominantly young (19% of which less than 5 years of
age). In 2016, the NMR and U5MR rates for the study area were similar to the
national estimates, 27 per 1000 LB and were 71 per 1000 LB respectively***.
Latest estimates of HIV prevalence among pregnant women attending
the ANC clinic at the MDH are high (~30%)'%. Studies in this area have
also estimated a prevalence of 9% of mother to child transmission at first
month of age and of 27% in the first year'®. In 2013, MDH introduced
WHO-recommended Option B+ for the prevention of mother-to-child HIV
transmission®®, which is offered to mothers free of charge. No proactive
strategies to screen for risk factors of neonatal sepsis or to prevent it are
currently implemented in Mozambique.

Over the past decade, the CISM research agenda is focused on the most
pressing public health problems in the country such as malaria, HIV/AIDS,
tuberculosis, diarrhoeal diseases, pneumonias and maternal and reproductive
health, among others, with important impact on public health policies in
the country.

A detailed description of CISM and the study area can be found elsewhere’®.

Lab facilities

The CISM’s laboratory (Figure 13F) provides infrastructure and diagnostic
support to the centre’s research projects and healthcare activities performed
at the community or at the MDH. The geographical location of the CISM
near South Africa allows for regular shipping and maintenance of equipment,
so that molecular and immunological experiments can be done onsite.
The laboratory works in accordance with Good Clinical Laboratory Practices
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(GCLP) and standardized operating procedures (SOP). Study samples
are labelled and archived using barcodes and managed by a laboratory
information system based on Servolab® Software version 4. The laboratory
has extensive sample storage capacity including temperature-monitored
-80°C freezers and liquid nitrogen tanks, being the whole centre secured
throughout backup power generators. The CISM’s laboratory activities
comprise: a) Clinical analyses: hematology/biochemistry; b) Microbiology:
general bacteriology and parasitology; c) Immunology; d) Molecular biology;
e) Tuberculosis; f) Quality assurance & biosafety: this unit ensures that
appropriate quality regulations are properly followed.

D E F

Figure 13. (A) CISM research center; (B) Manhiga District Hospital (MDH); (C) Paediatric ward.; (D) antenatal
care and outpatient wards in MDH; (E) maternity in MDH; (F) laboratory of bacteriology in CISM.

Demographic Surveillance System

The Manhica study area at the time of this thesis covered 500 km? (one
fifth of the whole Manhica district, see figure 11) ~94000 inhabitants and
around 20000 households (HH). Currently, the study area has been expanded
covering 2300 km? and 183000 inhabitants. All households in this area are
geo-positioned using global positioning system (GPS) and all individuals
in the DSS receive a Permanent Identification number (Perm-ID) allowing
monitoring of longitudinal demographic information, which is collected
electronically through three basic procedures: (i) annual household visits
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(Figure 14) (ii) maternity and morgue visits to record births and deaths,
and (iii) contact with key community informants.

The data collected in the Manhica DSS comprises HH and individual features,
socio-economic status, vital data, migration, health history, cause and
date of death, among others. Some studies conducted in this DSS have
helped the local health authorities to make decisions in health policies,
such as the introduction of some vaccines (Haemophilus influenzae type
b, Pneumococcus and Rotavirus) in Mozambique’s expanded programme
of immunization.

i { Uy .
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Figure 14. Picture of a field worker doing the annual household visit

Hospital morbidity surveillance system

Hospital surveillance data are routinely collected for all children less than
15 years old visiting the outpatient clinics in the study area and those
admitted to the MDH. Clinical data, including medical history, physical
examination, routine laboratory basic investigations, ICD-10 based diagnosis,
outcome and medication prescribed are collected on questionnaires on
a round the clock basis and reviewed daily by senior medical staff before
being entered in specific databases. Figure 15 shows a picture of the data
collection at the MDH.

On admission, a finger-prick blood sample is collected to determine PCV and
blood glucose concentration. In order to quantify Plasmodium falciparum
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parasitaemia, thick and thin blood films are prepared and processed. Blood
cultures are systematically performed for all children under 2 years and,
in older children, in the presence of severe symptoms or according to the
admitting clinician’s call.

HIV status information is not routinely collected. A HIV rapid test or
molecular methods among <18months is performed to those children
with suspected HIV infection.

The DSS and MSS are able to link demographic data and clinical data to
conduct biomedical research in priority health fields.

Figure 15. Picture of the MDH showing how data collection is performed.

3.0verview of the articles included in the thesis and role of the candidate
in each piece of the work

The thesis is presented as a collection of seven articles, three of them already
published and two accepted for publication in peer-reviewed international
journals, and two manuscripts under review for publication. The author
of this thesis has led the authorship of the seven articles included in this
thesis being the first author of all of them.
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The presented work is based on the following patient cohorts or data bases:
A. Article I: The Golden 28 days of child survival: commentary.

B. Article Il: Global landscaping of Group B Streptococcus infection:
Paper Il was led by the author of this thesis and is part of a project supported
by a grant to the LSHTM from the Bill & Melinda Gates Foundation (ref
OPP1131158) aiming to examine the incidence of GBS invasive disease among
young infants and the associated CFR and serotypes causing GBS disease.
The project was submitted for ethical approval to the LSHTM (ref 11966) and
approved on 30 November 2016. It is part of a Monographic Peer-reviewed
Supplement estimating the burden of GBS disease among pregnant women,
stillbirths and infants. The Supplement includes systematic reviews and meta-
analyses of maternal colonization”, maternal GBS disease'*, GBS attributable

157

stillbirths® or preterm births*, use of intrapartum antibiotic prophylaxis*”’,
risk of GBS newborn disease86, GBS-associated neonatal encephalopathy**,
and impairment after neonatal GBS disease®. These are reported individually,
and according to international guidelines™”'*. Together these papers
provide data inputs for estimating the worldwide burden of GBS disease

among pregnant women, stillbirths and infants®.

C. Articlelll and V: Perinatal Group B Streptococcus, Escherichia coli and
Pneumocystis jirovecii infections in pregnant women and newborns in
Manhi¢ca, Mozambique (PIPAC study):

A cross-sectional cohort of pregnant women and their offspring enrolled
between June 2014 and January 2015 aiming to investigate the epidemiology
of GBS, E. Coli and P. jirovecii and other infections in Manhica, Mozambique,
in order to better characterize maternal carriage, vertical transmission and
newborn-related morbidity and mortality. The implementation of the study,
screening and recruitment of the study participants were coordinated at
the field by the author of this thesis, together with the supervision of data
collection and sample processing at the laboratory facilities. Data cleaning
and data analysis was also led by the author of this thesis. This study was
approved by national institutional review boards at Mozambican Ethics
Committee (ref 370/CNBS/13). Written informed consent was obtained
from patients prior to participation. This study is part of a grant obtained
by Quique Bassat from Instituto de Salud Carlos 1l (ISCIlI) through a program
Miguel Servet (Plan Nacional de |+D+1 2008-2011, grant number: CP11/00269.
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D. Article IV: Congenital and perinatally-acquired infections in resource-
constrained settings: Review.

E. Article VI: Hypoglycaemia in paediatric admissions in a rural hospital
in Mozambique (GLYCEC study):

This is a retrospective analysis of data collected in the context of routine
clinical practice through the Manhica MSS from children younger than 15
years who were admitted to MDH during a 13-year long period (2001-2013).
The MSS in place at MDH and its updates over time have been approved by
the Mozambican Ethics Committee (ref 017/CNBS/03 and CIBS_CISM/05/13).
The analytical plan of this specific analysis was assessed and approved by
Manhica’s Internal Scientific committee (ref CCl/27/Feb/2013).

F. Article VII: Post—discharge mortality in children admitted to a rural
Mozambican hospital: development of a prediction model to identify
children at risk of death.

This study is also a retrospective analysis of data collected in the context of
routine clinical practice through the Manhiga MSS from children younger
than 15 years who were admitted to MDH during a 16-year long period
(2000-2016) and linked to socio-demographic data collected through the
Manhiga DSS. The MSS and its updates over time have been approved
by the Mozambican Ethics Committee as stated above (ref 017/CNBS/03
and CIBS_CISM/05/13) and the DSS and its updates over time have been
also approved by the National Ethics Committee of Mozambique (ref 174/
CNBS/12). The research analysis was assessed and approved by Manhiga’s
Internal Scientific committee (ref CCI/152/Jan/2016). This study was the
summer project of the MSc Epidemiology done by the thesis author at the
LSHTM during the course 2015/16 and it was approved by MSc Research
Ethics Committee of LSHTM (ref 11204).

During the performance of these studies, the author of this thesis obtained
a Pre-doctoral fellow grant of Centro de Reserca en Salut Internacional de
Barcelona (CRESIB-ISGLOBAL) (ref.: PhD-2011-11) and a fellowship from the
program Rio Hortega of the ISCIIl (grant no.: CP13/00260). The printing
of this thesis was supported by the PhD student program at ISGlobal. The
CISM receives core funding from the Spanish Agency for International
Cooperation and Development (AECID). ISGlobal is a member of the CERCA
Programme, Generalitat de Catalunya.






04 | RESULTS






Results - Article 1 83

ARTICLE 1
The Golden 28 days of child survival

Lola Madrid, Rosauro Varo and Quique Bassat

Under review
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ABSTRACT
Background: The first month of life is undeniably the most vulnerable
period for the child’s survival. Despite child mortality has decreased by
56% from 1990 to 2015, the 2/3rds reduction stipulated by Millennium
Development Goals (MDGs) 4 has not been achieved.
Main text: Whereas annual decrease of children aged 1-59 months has
been 4.7% its equivalent in neonatal mortality (NM) was 3.1%. The targeted
MDG 4 would have been possible if neonatal deaths had been declining
at a rate achieved by the 1-59 month age group. NM has become an
increasing driver of the overall global paediatric mortality, representing
an increasing proportion of all annual child deaths. Thus, almost half of
children under five die in the first month of life, and most of them, in the
first week. The new Sustainable development goals (SDGs) specify an even
more ambitious global target by 2030. In order to achieve this target,
international community have to tackle main cause of deaths (CoD) among
neonates, otherwise, the world will fail to significantly reduce overall child
mortality. To improve evidence-based data on CoD is essential to know
why children are dying. Innovative techniques such as the post-mortem
minimally invasive tissue sampling may provide reliable data and thus
contribute to better characterize mortality in this age group. Universal
coverage of essential interventions tackling main CoD among neonates
has the potential to reduce neonatal deaths by an estimated 71%, benefit
women and children after the first month, and reduce stillbirths.
Conclusion: The SDG target aims to reduce neonatal deaths to a maximum
of 12 per 1000 live births in every country of the world by 2030. If every
country achieves this target, approximately 5 million neonatal lives will
be saved throughout the period 2017-2030 and all of the efforts focused
in helping neonates go through “the golden first 28 days of life” will have
been worthwile.

KEYWORDS
neonatal mortality, neonatal deaths, child mortality, cause of death,
sustainable development goals.
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BACKGROUND

The first two decades of the 21st century can indisputably be characterized
by a global health revolution that has led to massive improvements in health
outcomes, particularly in terms of child survival. Indeed, never before in
the history of mankind the chances of surviving for any new baby born in
this world have been greater, with child mortality becoming anecdotal in
many industrialized regions, and the number of child deaths decreasing
globally at a fast pace, from over 17 million annual deaths in the 1970’s to
around 5.6 million in 2016, Such unprecedented and impressive reductions
are the result of many national and international efforts and coinciding
circumstances, but have essentially been catalyzed by the establishment,
back in the year 2000, of the Millennium Development Goals (MDG), a set
of laudable aims agreed upon by all 191 United Nations countries, designed
to combat poverty, hunger, disease, illiteracy, environmental degradation,
and discrimination against women®. Many countries succeeded in achieving
in the period 1990-2015 the 2/3rds reduction in child mortality stipulated
by MDG4, but global progress was unequal, and the global target has
not been completely achieved®. The particular push and drive for child
survival provided by the MDGs has now been taken over by the more
recent Sustainable Development Goals (SDGs), and in particular by SDG3.2°,
which specifies an even more ambitious global target, to be achieved by
the year 2030, and which should be seen as a new opportunity to save
millions of lives.

MAIN TEXT
Such applauded decreases in child mortality achieved in the last decades
offer significant nuances. From a geographical and socio-economic point
of view, and despite the fact that such falls have been confirmed in all
areas of the world, reductions have been more modest in low- or middle-
income countries (LMIC) and in particular in Sub-Saharan Africa (SSA). It is
no coincidence that up to 99% of all child deaths are now circumscribed to
these settings®” a strident reminder of the many inequities driving global
health. From an age category point of view, neonatal deaths, those defined
as occurring within the first 28 days of life, have also decreased, but at a
much slower rate, estimated at around 3.1% annually, from the 30 deaths
per 1000 live births in 2000 to 19 in 2016"**. Thus, neonatal mortality has
become an increasing driver of the overall global paediatric mortality,
representing an increasing proportion of all annual child deaths (37.4% in
1990, 46% or an equivalent of 2.6 Million deaths in 2016"?). Decreases in
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neonatal mortality rates (NMR) have also shown similar regional variations,
with reductions ranging from ~80% in eastern Asia, or ~50% in southern
Asia (SEA) to ~40% in SSA in the same period®. The highest NMR are
found in SSA (27.7 per 1000 Live births (LB) and in SEA (27.6 per 1000 LB),
multiplying by 10 fold those documented in Europe (2.9 per 1000 LB)7,8.
In the absence of changes in the current declining rates, it will be over a
century before a newborn from SSA has the same survival probability as
one born in Europe’.

The first month of life is undeniably the most vulnerable period for the
child’s survival. Within these first four weeks, the risk is greatest at the very
beginning of life, with up to three-quarters of all deaths occurring in the
first seven days, and half of those in the first 24h**°. Surviving therefore
through childbirth and the “golden first 28 days” appears therefore as a
key milestone required to thrive and lead a healthy subsequent life. But,
what makes the neonatal period such a critical moment? Why should a time
period accounting for as little as 0.1% of the entire length of an average
life (70 years), define more significantly the likelihood of surviving than any
other time? There are multiple reasons that can account for this, but most
of them gravitate around two premises: 1) The vicious circle established
between poverty and disease, which appears very challenging to break
and is particularly noticeable in this vulnerable period; and 2) the global
disparities existing in terms of the quality of and access to health care®,
seriously jeopardized in those regions with less resources. If you add to
the aforementioned fragile and weak health systems a myriad of diseases,
particularly prevalent in those impoverished areas, then it is not difficult to
understand why certain nations struggle to improve their health indicators.

More specifically, a healthy birth requires a previous healthy intrauterine
development. For this, the pregnant mother needs to remain as healthy
as possible, and a series of factors need to be controlled during the
entire duration of gestation, and the puerperium. In rich countries, this is
guaranteed by the constant control of the pregnancy, and the implementation
of a series of preventive and therapeutic strategies designed to keep the
dyad mother-child healthy. Comprehensive antenatal consultations are
also capable of triggering actions that can accelerate an agile delivery
should this become necessary. In poorer regions, antenatal care (ANC)
consultations are increasing, although coverage rates are still far from
reaching the current World Health Organization (WHO) recommendation
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of a minimum of four ANC visits'; and more importantly, the quality and
availability of the health care interventions provided remains suboptimal.
Similar challenges face the critical moment of childbirth, with coverage
rates for deliveries attended by a skilled professional remaining insufficiently
high, at a median of 65% during the period 2009- 2014". Solving the
maternal part of the equation responsible for neonatal outcomes requires
starting by ensuring that maternal mortality rates also continue to globally
decrease®, in addition to heavily investing in improving the primary health
care bottlenecks™, and progressively implementing and scaling-up strategies
that have already shown their cost-effectiveness in other settings of the
world, or other innovative measures'***. Not an easy task, or at least not
one with immediate results. Such challenges are particularly blatant also
in the context of stillbirths, the neglected victims of poverty, accounting
for almost identical numbers of annual deaths to those occurring among
newborns®, and whose oblivion is finally starting to be adequately addressed

6,17

in the global health agenda®"’.

From the newborn’s point of view, similar challenges can be expected in
LMICs in relation to access to care, or quality of the preventive or therapeutic
strategies available in country, leading to worsened health outcomes.
However, the demographic explosion currently seen in SSA implies that
this continent has become the principal birthplace of the world. Indeed,
of the circa 130 million new babies born every year in the world, over
30% are already born in SSA, and this trend is expected to increase, with
more than 1 in 3 children in the world expected to live in the continent
by 2050*. Coverage rates of well-known and effective interventions to
improve the care and health of the newborns are still lagging in these
settings, providing much room for improvement™*". A simple but rather
paradigmatic example has to do with the coverage of post-natal visits for
babies, a clear WHO recommendation® that is only followed in a median of
28% of the births, globally*>. How can you prevent, detect or treat disease,
if you are missing nearly three quarters of all your target population? This
is, indeed, the most neglected period for the provision of quality care®.

A more philosophical issue with very significant practical implications
also hinders our current understanding on how to count, prevent and
treat those conditions prematurely killing newborns, and is linked to our
fundamentally limited knowledge of what is really killing them. In addition
to those “invisible” deaths® occurring at the community level outside the
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health system, and in the absence of functioning vital registration systems,
there is a profound lack of knowledge of the real underlying causes for
these deaths. According to the last global estimates in 2016, leading causes
of death among newborns included preterm birth complications (35%),
intrapartum-related events (24%), infectious diseases including sepsis/
meningitis, pneumonia and tetanus (22%) and congenital disorders (11%)’.
However, models utilized to build estimates for LMIC, where the vast
majority of preventable deaths concentrate, have shown many flaws, and
discrepancies in cause-attributable disease figures® have unraveled the
shortfall of current methods, predominantly based on data derived from
unreliable or poorly specific sources, including verbal autopsy or clinical
records. The paucity of evidence-based data, and the obvious limitations
of currently used methodologies to infer cause of death (CoD) in resource-
constrained settings, warrant caution when interpreting current CoD
estimates, at least if those are to be used for rational health planning and
prioritisation decisions®. Innovation is key to overcome such limitations,
and in this respect, more robust methodologies, such as the minimally
invasive tissue sampling (MITS) post-mortem sampling techniques®. This
technique has been validated against the reference complete pathological
autopsy as a reliable CoD investigation tool in all age groups, -including
newborns*-, and may appear as useful alternatives that can provide
actionable and reliable data and thus contribute to better characterize
mortality in this age group, and the necessary measures to specifically
address it. Importantly, such methods are currently being implemented
in sentinel sites across SSA and Asia, for perinatal and paediatric mortality
surveillance through the Child Health and Mortality Prevention Surveillance
Network (CHAMPS)*?*. Dissemination on an ongoing basis of the results
of this ambitious and long-lasting project will surely contribute to better
neonatal survival practices.

Irrespective of the said caveats regarding the precision and robustness of
current estimates, infectious diseases are well-characterized contributors
in LMIC to morbidity and mortality in the neonatal period"*?. In the
newborn, some of these infections can be acquired in the community soon
after birth, although the majority result from the vertical transmission of
microorganisms from mother to child, either during gestation or at delivery,
in particular bacteria, which are normal commensals or pathogens of the
mother’s genitourinary and gastrointestinal tracts. Important infectious
clinical syndromes causing neonatal death include sepsis*®, meningitis
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and pneumonia. The microorganisms more frequently involved in serious
infections in children younger than 3 months in LMIC include, among
others, group B Streptococcus (GBS)*, Escherichia coli (E. coli), Listeria
monocytogenes, Staphylococcus aureus, other gram-negative bacteria,
Haemophilus influenzae type B, Streptococcus pneumoniae, respiratory
syncytial virus (RSV), Neisseria meningitides and Bordetella pertussis. However,
in the context of the Human immunodeficiency virus (HIV) pandemic, many
other microorganisms (including viruses, parasites or fungi) have emerged as
important pathogens for the newborn. This information is relevant because
for the majority of those neonatal infections, highly effective preventive or
therapeutic strategies are available, and as a result of their implementation
their burden in neonates from industrialized countries has been significantly
reduced. As an example, GBS and E. coli, two well-known leading causes of
neonatal morbidity and mortality, are vertically transmitted and particularly
associated with early and late-onset neonatal sepsis, preterm birth and very-
low-birth-weight delivery®®*'. Overall case fatality rates associated to GBS
in a global systematic review were 8.4%, peaking in SSA at 19%%, precisely
the place where highly effective prevention strategies such as intrapartum
antibiotic prophylaxis (IAP) have not been implemented due to the scarcity
of laboratory support and the fragility of the health systems®. E. coli is
considered the most frequent cause of invasive bacterial infection in preterm
infants and to date, no prevention measures have been developed®. Other
infectious diseases also considered as important contributors to neonatal
mortality include infections encompassed under the TORCH syndrome.
Among them, congenital cytomegalovirus (CMV) infection is the most
prevalent, but also remains majorly neglected in both the developed and
developing world*, with its real burden and impact being largely unknown™.
An interesting approach to prevent many of these neonatal infections now
includes maternal vaccination during pregnancy®, under the assumption
that maternal transfer of antibodies to the newborn will be more feasible,
effective and rapidly protective than waiting for the generation of neonatal
immune responses to vaccines administered directly to them. This “vertical
vaccination” strategy has already been successfully implemented for tetanus
and pertussis control, and is currently being explored for several other
pathogens, including GBS, RSV, Flu and S. pneumoniae?.

Other major well-characterized non-infectious causes of neonatal death
include preterm-birth complications, intrapartum—related complications and
congenital abnormalities. Births that follow spontaneous preterm labour usually
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are the consequence of specific maternal factors, including pregnancy specific
complications (hypertension, diabetes, malnutrition), infections, and other
non-preventable causes®. Some of these causes, as previously mentioned,
can be proactively screened for during ANCs clinics and easily managed.
Intrapartum-related complications, often leading to life-threatening perinatal
asphyxia, are however more difficult to prevent, and their management is
highly dependent on the availability of skilled staff attending the delivery®.
Congenital abnormalities are much harder to prevent, particularly in the
absence of early ultrasound screening for pregnancies, a strategy poorly
implemented and often unavailable in LMICs. Such congenital abnormalities,
however, may be preventable in some cases (for instance by providing folic
acid supplementation during pregnancy), and may occur more frequently
in those countries with high levels of consanguineous partnerships®. Finally,
other well-known but moderately neglected (likely due to their multifactorial
aetiology) causes of neonatal mortality include metabolic disturbances
such as hypoglycaemia®. Again, limitations in the availability or usage of
cheap diagnostic tools for its diagnosis, hinders the adequate recognition of
simple complications that in the absence of a rapid detection and correction
become rapidly lethal.

CONCLUSIONS

The specific neonatal mortality SDG target aims to reduce NMRs to a maximum
of 12 per 1000 live births in every country of the world by 2030°. The SDGs
offer also an international collaborative platform of international consensus
to advance together towards the global achievement of these goals. The
wider ambitions of the SDGs in comparison to the MDGs cannot dilute the
importance of health and child survival in these new objectives. Importantly,
in the absence of an accelerated progress in neonatal mortality, the world
will fail to significantly reduce overall child mortality. Universal coverage of
essential interventions has the potential to reduce neonatal deaths by an
estimated 71%, benefit women and children after the first month, and reduce
stillbirths™. Particular support, attention and stewardship to LMICs, which
have the greatest needs -but also the tiniest resources- will be critical so as
to enhance the uptake and scale-up of these interventions, in an equitable
manner. If every country achieves the SDG target for neonatal survival by
2030, approximately 5 million neonatal lives will be saved throughout the
period 2017-20308 and all of the efforts concentrated in helping newborns
go through the arid and sinuous “golden first 28 days of life” will have been
worthwile.
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Background.  Group B Streptococous (GRS) remains a leading cause of neonatal sepsis in high-income contexts, despite declines
due 1o intrapartum antibiotic prophylaxis (LAP). Recent evidence suggests higher incidence in Africa, where LAP is rare. We investi-
gated the global incidence of infant invasive GBS disease and the associated serotypes, updating previous estimates.

Methods.  We conducted systematic literature reviews (FubMed/Medline, Embase, Latin American and Caribbean Health
Sciences Literature [LILACS], World Health Organization Library Information System [WHOLIS], and Scopus) and sought unpub-
lished data regarding invasive GBS discase in infants aged 0-89 days, We conducted random-effects meta-analyses of incidence, case
fataliry risk (CFR), and serotype prevalence.

Results.  We identified 135 studies with data on incidence (n = 90}, CFR (n = 64), or serolype (n = 45). The pooled incidence of
invasive GBS disease in infants was 0,49 per 1000 live births (95% confidence imerval [CI), 43-.56), and was highest in Africa {1.12)
and lowest in Asia (0.30). Early-onset disease incidence was 0.41 {95% CI, 36-A47); late-onset disease incidence was 0.26 (95% CI,
21-30), CFR was 8.4% (95% CI, 6.6%-10.2%). Serotype 111 (61.5%) dominated, with 57% of cases caused by serotypes la, Ib, 11, 111,
and V.

Condusions,  The incidence of infant GBS discase remains high in some regions, partscalarly Africa. We likely underestimated
incidence in some contexts, due tolimitations in case ascertainment and specimen collection and processing, Burden in Asia requires

further investigation.

Keywords, group B Streptocovcs; early onset; late onset; estimate; case fatality risk,

Group B Streplococeus (GBS; Streplococcus agelacliae) is a
leading infectious cause of neonatal morbidity and mortal-
ity, well described in high-income contexts (HICs) [1-5],
but less well studied in low-
(LMICs) and low-income contexts (LICs) |9]. A systematic
review im 2012 [9], reported an overall incidence of invasive
GRS disease among infants of 0,53 per 1000 live births (95%

to middle-income conlexls
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confidence interval [CI], .41=.62), with the highest incidence
in Africa (1.21 per 1K) live births), followed by the Americas
(067 per 1000 live births) and the lowest incidence in the
Weslern Pacific (0,15 per 1000 live births) and Southeast Asia
(0,016 per 1000 live births). Although data, especially from
LICs, were limited, case fatality risks (CFRs) were higher in
Africa (22%) compared with the Americas (11%) or Europe
79} 9.

Understanding the global burden of GBS disease in young
infants (0=89 days), including neonates (0=27 days), is impor-
tant to guide public health decision making on interventions.
Many HICs have implemented intrapartum antibiotic prophy-
laxis (TAP), aiming to reduce early-onset GBS disease (EOGRS;
days 0-6) for women with rectovaginal GBS colonization
detected through microbiological screening or with clinical risk

Sl « CID 200563 (Suppl 2) « Madrid et al
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factors [ 10, 1], However, this strategy will not recuce late-on-
set infant GRS disease (LOGBS; onset on days 7-89 of life), and
in LMICs and LICs, where there are more home deliveries and
women present later for delivery, JAP may be less feasible and
effective than other potential strategies for prevention, such asa
maternal GHRS vaccine.

This article therefore aims to examine the incidence of inva-
sivee GBS disease among young infants and the associated CFR
and serotypes causing GBS invasive disease (Figure 1), It is part
of a supplement estimating the burden of GBS disease amang
pregnant women, stillbirths, and infamts [12]. The supplement
includes systematic reviews and meta-analyses on GBS colo-
nization, and adverse outcomes associated with GES around
birth [10, 13-19], which provide data inputs for estimating the
worldwide burden of GRS [20].

OBJECTIVES

1. To provide a comprehensive, systematic literature review and
meta-analyses on the burden of infant invasive GBS disease
e imclwde:

o Incidence of infant GBS disease: overall incidence risk,
including stratification by EOGBES and LOGES,

b. CFR for EOGES and LOGBS (7-89 days) and neonatal
disease (7-27 days).

¢. Serctype distribution: prevalence of GHS serolypes cans-
ing GBS disease among infanis.

2. To generate parameters to be used as data inputs in a com-
partmental model estimating the burden of GBS in preg-
nancy for wornen, stillbicth, and infants; inchading
a. EOGRES to LOGES ratio.

b, Clinical syndrome (proportion of neonatal disease that
Was n':l.minsilix or w[mi.'\.:l.

3. To evaluate data gaps and recommend improvements for the

data regarding GBS disease in young infants.

This article is part of a protocol entithed “Systematic estimates ofthe
ghobal burden of GBS in pregmant women, stillbirths and infants,”
submitted for ethical approval to the London Schoed of Hygiens:
& Tropical Medicine (reference number 11966} and approved on
30 November 2016. The general methads are described elsewhere
[12]; here we present details specific to estimates related to the
incidence of invasive GBS discase among infants

We included studies that described incidence risk. deaths,
or serotypes of bacterial isolates among infants aged 0-89 days
with invasive GBS disease, Eligible studies were those nepart-
ing data published or unpublished between 1 January 2000
and 31 January 2007, limited to humans and with no language
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restrictions. We identified data through systematic review of
the published literature and through an investigator group that
sought unpublished data from clinicians, researchers, and rele-
vant prefessional institutions worldwide,

Defimitions

Invasive GBS disease was defined as laboratory isolation of
S, agadactine from any normally sterile site using conventional
microblological methods together with any signs of clinical dis-
ease. BOGHS was defined as invasive GBS discase in infants aged
06 days after birth and LOGBS in infants 7-89 days after birth.
Incidence risk was defined as cases per 1000 live births and CFR
as number of deaths in GBS cases divided by total GBS cases,

Snarch Strategy
We undertook systematic literature searches of PubMed/
Moedline, Embase, Literature in the Health Sciences in Latin
America and the Caribbean (LILACS), the World Health
Organization Library Information System (WHOLIS), and
Scopus databases using the search terms (“Streplococcus age-
factiae™ [Medical subject headings (MeSH) ] OR “Srreplococcus
Group B OR "Group B streptococcal™) AND "infant” “sut-
come.” “death,” “mortality” “case AND fatality AND rate” We
limited searches to humans and publications from 1 January
2000 to 31 Jamuary 2017 (see Supplementary Table 1 for the full
list of search terms). For consistency, we used the same search
Terms a5 A previous systematic review [9]. We did not apply date
or language restrictions; texts were translated to English when
published in other languages. An additional search for reports
with serotype data was performed, using the search terms
("Streptococcus agalactiae serofype” [MeSH| OR “Streptococcus
Group B serotype”™ OR “Group B streptococcal serotype”) using
the same limits above. We used snowball searches of article ref-
erence lists including reviews to identify additional studies
One investigator performed the database search, screcned for
duplicates, and screened titles and abstracts to assess eligibility
for inclusion. Two independent investigators (L M. and M. K.
L.} assessed the full-length articles associated with selected
abatracts to confirm eligibility and extract data. Where there
was discrepancy between the 2 reviewers, a third investigator
(A, 5.) made the final decison.

Stady Selection

We incleded studies with original data on GBS disease in
infants who were aged (-89 days at onset of infection episode,
with clinical specimens obtained from o sterile site, which had
a population denominator (total live births), We excluded
studies focusing on very high-risk groups {such as only human
immunedeficiency virus [HIV]-infected infants or only pre-
term infants), where data were ot representative of live births
in the population. Where countries had multiple or duplicated
publications or systematically collected surveillance data, we

included the most recent data, Studies reporting GBS disease
i infants aged 0-90 days that did not specify age at onset for
the individual cases were included with the 0-89 day studies as
the probability of a case on day 940 is negligible. For full details
of inclusion and exclusion criteria, see Supplementary Table 2.

Data Abstraction

W used a standardized data abstraction teal to capture infor-
mation on the study design (prospective or retrospective), set-
ting (health facility or not), use of IAR timing of clinical discase
{onset in the first 2448 hours, EOGES, and LOGES), outcomes
(survived or died), sample type (cerebrospinal Muid, blood, or
other sterile site) and GBS serotype. For facility-based studies
limited 1o babies born at the fagility, facility live births was used
as denominator, Where studies included inborn and outhorn
babées, a population denominator of all live births in the catch-
ment area of the health facility was used. Data on study location
were also abstracted including country and town, These data
were imported Into Stata version 14 software.

Analysis
We nsed random -effects meta-analyses to estimate overall infant
disease incidence, BOGBS and LOGRS incidence, the EOGRES
to LOGHS incidence ratio, and CERs using the DerSimonian
and Laird method [21]. In addition to worldwide estimates,
estimates by United Nations regions andfor subregions were
obtained when sufficient data were available,

To assems bias, we performed the following sensitivity
analyses:

1. Invasive disease:

a. Infant invasive disease limited to facility-based studies
where denominator was facility births.

b, EOGBS estimates limited 1o studies incloding data for
dn}‘s D=6 after hirth.

c. LOGES estimates limited to studies including data for
days 7-&9 after birth.

d. Late-onset neonatal incidence limited 1o studies with data
for days 7-27 after birth,

L The ratio of early-onset disease to late-onset disease, includ-
ing only studics considered to be less subject to case linding
bias resulting from low access to care, nonsystematic sam-
pling. or subsptimal laboratory detection methods [22-25]
as considered by the expert advisory group.

RESULTS

Literature Search and Stady Selection

We identified 7535 articles for consbderatbon from database
searches, 318 additional records from expert groups in neona-
tal care and reference lists, and 7 datasets from an investigator
group [22, 23, 26] { Araujo da Sihva et al. unpublished, Dhaded et

5162 « CID WNTES (Sappl2) « Madrid o al
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al. unpublished, Saha et al. unpublished, Sigadcque e al. unpub-
lished). One hundred thirty-five articles (reporting data from 57
countries) met our inclusion criteria (search strategy of study
sebection in Figure 2). OF these, 90 reported incidence [22-96).
(FOGRS: 74 studies; LOGBS: 33 studies), &4 reported CFR [22
27,30, 34, 37, 38, 4143, 46, 49-57, 59, 61, 63, 68, 70, 71, 73-T5,
TE-RI, 84, 89, 90, 92, 95-111], and 45 reported serotype data
[32-25, 31,42, 47, 50, 35, 61, 63, 66, 70, 73, T8, 81, 84, 112-138].
(The full list of articles included in this review is available in
Supplementary Table 3.) Artides excluded because more recent
data from the same population were available are shown in
Supplementary Table 4 and Supplementary Figure 1. Compared
to the previowsly published ghobal GBS invasive disease estimates
|9], we included 61 additional stadies: 34 reporting incidence, 35
CFR, and 26 serotype (Supplementary Figure 2),

Stmdy Characteristics.
There were mere data from HICs (77 studies) compared
1o LMICs (18 studies), of which 12 were from Africa (11 in

sub-Saharan Africa, | in Morth Africa). Data inputs are illus-
tratedd in Figure 34 and 1B Data inputs of the previous systermatic
review [4] are shown in Supplementary Figures 34 and 38 Most
studies {109/135) were facility based and information about IAP
use was available from 116 of 135 studies (Table 1), Seventy-six
studies reported any use of LAP: 27 of 76 (35.5%) were based on
screening, 14 of 76 ( 18.4%) were based ona risk factor algorithm,
and 35 of 76 (46.1%) didd ot specify a strategy, (OF those studies
reporting incidence, 58 of 0 (64.4%) reported use ofany TAP; this
was highest in developed countries (46158 [79.3%]) and bowest in
sub-Saharan Africa (3/11 [27.3%]) (Supplementary Figure 4], OF
74 studies that reported EOGBS, 49 (67.1%) reported AP use
and approximately one-third of articles (24/74 [324%]. includ-
ing & studies from LICs and LMICs) reported information about
age at onset of EOGES, Serotype was available in studies from 25
countries (developed countries, 16; Central and South America,
4 Southern and Eastern Africa, 3 Eastern Asia, 2), We were una-
ble 1o abstract data on bbosatery methods used, maternal risk
fxctors, and weight or gestational age at birth of neomates.

Records identified through
database searching
(n = 7535)

Addtional records identfied
through other sources
(n=318)

4

F

(1sentification ]

Racords after duplicates removed
in = 6328)

]

) (o

{n = 1005)

) G

[Includnd

Studies included in o
quantitathve synthesis .
{meta-analysis) Foreign
[ = 135}

Figura L  Search stroegy and process of stedy seloction. Abbiation: GBS, group B Simpiococous,
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Figure 3. Worldwide distribution of data inputs. A Map Slustrating number of studies by country reparting incidence of group B streptococcal (GBS) invasive disease, 8,
Map illustrating ovarall incidance of GBS disesss smong indmts by country included in the mata-anabyses. Borders of couniries Territones in map do rot imply any political

shalwnent.

Incidence Risk of Group B Streptococcus Diseass

There were 6199 infants with invasive GBS discase among
13300000 live births in 53 countries, The incidence risk (per
1000 live births) for infant GBS disese was 049 (95% C1, 43-
56) overall, being 1.12 in Africa, 0.4% in Latin America and the
Caribbean, 046 in developed countries, and the lowest in Asia,
030, Incidence was h.ig_hwl in Sowthern Africa (200 [95% 1,
74=3.26]) and bowest in Southeast Asia (0,21 [95% CI, 09-32];
meta-analysis in Figure 4). There were 3664 cases of EDGES
from 9866793 live births, Incidence risk (per 1K live births)
of EOGBES worldwide was 041 (95% CL 36-47) and ranged
from 0.32 (95% CI, 22-41) in Asia to 0.71 (95% CI, 24-1.18) in
Alrica. The Caribbean had the highest incidence risk of EOGBES
{147}, followed by Southern Africa (1.07) and South Asia the
bowest (0L20) (Supplementary Figure 5). Among EOGBS cases,
G5t (95% CL 57%-79%) developed symploms in the 24 hours
after birth, being higher in HIC (74% [95% CI, 58%-8%%])

compared with LICs (31% [95% CI, -20% and 82%]); meta-anal-
ysis included as Supplementary Figure 8). There were 2003 cases
of LOGHS among 8975859 [ive births, Incidence risk of LOGES
worldwide was 0.2695% CI, .21 = 30), ranging from 004 (95%C1,
=02 10 .09) in Asia 1o 065 (95% C1, 25-1.05) in Africa. Southern
Africa had the highest incidence risk of LOGES (0.93), and South
America, Western Africa, and Southeastern Asia had the lowest
(043, 0.0, and 003, respectively, based on the single study cap-
tured from each of these regions; Supplementary Figure 7).

Case Fatality Risk

There were 570 deaths among 6501 Infant cases. The overall CFR
was 8.4% (95% CI, 6.6%-10.2%). CFR in Africa { 18.9% [95% I,
13.7%-24.005] ) was 4 times higher than in developed coumtrics
(4.7% [95% Cl, 3.3%=6.1%]) (meta-analysis in Supplementary
Figure 8). EOGRS CFR was 1000% (35% CI, 7.0%-12.0%) rang-
ing from 5.0% (95% C1, 4.0%-7.0%] in developed countries to
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Table 1. Charncteristics of Included Stdies Investigating Invasine Group B Streptococcal Disease in lafants
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Abtrwviationd: CRR, ks sty fik: C3F cersbrodpingl et BOGES, sady-anset grous il Seapococcus: LAF intiapartum anilsote prochviias; LOGES, als-ontet group B Steeacont

i Faing valuad for popolitianTecibn badad wnd 1 miasng valuad fof LAP uie,

S .en repartng incudancs smang nlenty tor the whois pancd sged (- dea aenang sl wides
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Iaudhes raporting LOGES cames among nfants ko the whale pericd (-8 dave) among sSudes raporiing E0GES In aach cabagory.

2700 (95% CT, 17.0%-37.0%) in Africa. LOGES CFR was 7.0%
(95% CI, 4.0%-9.0%) and, consistently with overall and EOGBS
CFR, was lowest in developed countries (4.0% [95% CI, 3.0%-
6.09]) and highest in Africa (12.0% [95% CI, 5,09%-19.00%])
(meta-analysis in Supplementary Figures 9 and 10, respectively).

Sarotype Distribution

A total of 65300 bacterial isolates were inchuded in the meta-anal-
ysis of serotype prevalence (data inputs are illustrated in
Supplementary Figure 11} Five serotypes (la, b, 11, 111, and V)
accounted for 97% of invasive isolates in all regions with serotype

data (Figure 5). Serotype TIT was the most prevalent serotype
across the United Natbons subregions, although it was lower in
South America (34%) compared with other subregions. Nearly
half {(47%) of EQOGES cases and 73.0% of LUMGES cases were
caused by serotype 11 Serotype Ta, Ib, and ¥ were frequently
Isolated in EOGES (228%, 8.0%, and 10.6%, respectively) and
LOCGES { 14.2%, 5.3%., and 4.0%) (Supplementary Figure 12).

Early-Dnsot to Late-Omaet Group B Sireplocsccus Dissase Ratio
The overall ratio of EOGES 1o LOGES disease was 172 (25%
Cl, 1.35=2.21)% The highest ratio was in Asia (399 [95% (I,
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2.40-14.92]) and lowest in Africa (102 [95% C1, 82-1.28]) The
ratiey in developed countries was similas to the overall ptio, al 1,82
(95% (1, 1.29-2.57) {meta-analysis as Supplementary Figure 13).

Chnical Syndrome [Sepsis or Meningilis)

Twenty-three percent of all GBS invasive cases (95% CI, 14%-
32%) were meningitis. Among EQGBS cases, 78% (95% CI,
67%-88%) had sepsis and 16% ($5% CI, 8%-25%) had menin-
gitis (meta-analysis of meningitis cases among ECGES cases in
Supplementary Figure 14). The meningitis/sepsis ratbo was 0.18
(93% CL. .13-.25). Among LOGBS cases, there was a lower per-
centage af sepsis; 53% (95% 1, 43%-62%) had sepais and 43%
(93% CL. 34%-51%) had meningitis (meta-analysis of meningi-
tls cases among LOGES cases in Supplementary Figure 15). The
meningitis:sepsis ratio was 0.78 {95% CI, .55-1.10).

Semsilivity Analyses 1o Assess Bins

Among facility-based studses with facility births denominator
(n = 71}, the incidence among infams 0-8% days of age was
slightly higher than the main analysis (.53 [95% CI, .44-61])
The highest incidence was in Southern Africa (2.00 [95% CI,
J3-3.26)) and the lowest in Southeastern Asia (0.21 [95% CI,
A2=320) (Supplementary Figure 16), BOGBES incdence was
043 (95% €, 35-.50) per 1000 live births {Supplementary
Figure 17) and LOGBS incidence was 0.31 (95% CI, 24-.38)
per 1000 live births (Supplementary Figure 18).

When we limited estimates of EOGBS to studies with
reported data for days 0-6 of life (42/74 studies with EOGES
data reported), EOGRES incidence (042 [95% CI, .35-.49]) was
similar to the main analysis {meta-analyses in Supplementary
Figure 19),
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When we limited LOGBS estimates to studies with complete
data for days 7 -89 after birth {1133 studies), the incidence esti-
mate was 0.40 per 100 live births (95% CI. .27-.53), higher than
the main analysis {meta-analysis in Supplementary Figure 20).
Incheding only studies with data for days 7-27 after birth (3/32
studies], the incidence was 0.16 per 1000 live births (95% CI,
8- 24) (meta-analysis in Supplementary Figure 21}

When we limited stimates of the EOGRS o LOGHS ratio
1o studies considered to be less subject to bias (14 studies [22
25, 31, 42, 52, 56, 62, 63, 73, B1]), the estimated ratio was 1.11
(95% CI1, .96-1.30) and, unlike the main analysis, was similar
acrass geographic regions (meta-analysis in Supplementary
Figure 13).

DISCUSSION

Our comprehensive review and meta-analyses represent an
important update to the previous global invasive infant GBS
disease burden estimates |9], and most notably indude new
data from LMICs (18 new studies from 10 LICs and LMICs).
Infant irvasive GBS disease incidence and case fatality is high
in every world region, yet likely considerably underestimated
in settings with limited acces to care and diagnostics as < 10%
of neonates with suspected serious infection have a positive
blood culture [139, 140]. The overall estimated incidence of
infant GBS disease, 049 per 1000 live births, is slightly lower
than the previous estimate of (L33 per 1000 live births (95% CI,
A1-62) [9]. While fewer studies in this review reported LAP use
compared Lo the previous review (66% vs 77.0%), more weight
(=500%) was applied to the data from Burope and the Americas
where JAP is in use. The reduction in overall incidence is likely
driven by lower Inchdence of invasive infant GBS disease in the
Americas (04371000 live births here vs 0,67/ 1000 live births in
the previous review), and Europe (0,53 vs 0,57/ 1000 live bisths).
This difference, especially in the United States where infant
GBS rates declined notably during the stedy period. reflects the
wee of more recent data in our analysis,

Similarly, the incidence of invasive infant GBS disease in
Africa { L12/ 1000 live births) was also slightly lower than pre-
viously reported, although =2 times higher than in developed
countries ((46/1000 live births). This s the result of broader
incidence data from Africa, including large studies in South
Africa 24, 42, 9] Mozambique "{Sigadgue ot al, Unpublished
data)’, and Gambia [68] reporting a high incidence of inva-
sive GBS disease, in contrast (o studies in Nigeria [ 28, 77] and
Zambia [62] reporting a very low incidence. Cur point estimate
for EQGES incidence for Africa was higher compared to that
reported in the most recent worldwide review [9], although
LOGBS incidence for the same reglon was similar in both
reviews [9]. There are many possible reasons for the increase in
EQGES incidence in Africa, which could be due to true emer-
gence, increases in comorbidities such as HIV [42], or improved
data collection to detect early disease. This high incidence is

important in terms of tedal burden, as CFRs in Africa were alse
4 times higher than in developed countries {18.9% and 4.7%,
respectively); thus the greatest burden of cases, and deaths, is
in Africa. However, our data are limited 1o few African studices
meostly in Southern and Eastern Africa.

There are other important regional differences. The inci-
dence of infant GBS disease was strikingly Jow in Asia at 0,31
per 1000 live births, with the lowed incidence in Southeast
Asia (0.21/1000 live births). This may reflect a true regional dif-
ference, which could be related to differences in lower overall
prevalence of maternal colonization andfor bower prevalence of
serotype IT1 [13], which is more commonly associated with the
mnst virulent clone, chonal complex 17. Some of the difference
miay also be due to incomplete case ascertainment, being in Asia
more challenging as they have more home births than Africa,
For the earliest-onset cases (<24 hours of birth), differences in
access to care and rapid and high case fatality can reduce case
ascertainment, Cerebrospinal fluid sampling is infrequently
performyed in many parts of this region and that would reduce
the apparent incidence of LOGBS disease, which is more fre-
quently associated with meningitis. However, the lack of
late-onset cases in this region does not fully align with those
reasons and also suggests there may be more at play, potentially
related to strain differences, level of natural acquired protective
miaternal antibody, or other host, environmental, or behavioral
factors that may affect disease burden.

Difficulties in case ascertainment in L1Cs likely contribute to
the higher incidences observed when the analysis was limited to
facility -based studies, particularly in Africa. Studies in contexts
wheme access to care, particularly for home deliveries, is difficult
are likely to underestimate EOGES disease incidence, due to the
preponderance of cases with anset on day zero, which can be
as high as 90% in studies with high-quality ascertainment but
was 68% among the studles we Included where this Informa-
tion could be extracted. Late-onset disease is likely underesti-
mated 100, due to studies that did not capiure cases for the full
T-89 days; the sensitivity analysis showed the incidence of late
onset disease to be almoest twice as high (040 vs 0.26) when
only studies with data for days 7-89 were included. This may
result in an underestimation of the burden of GBS meninginis in
particular, a significant concern given the morbidity associated
with this candition.

Differences in the early- to late-onset disease ratios in differ-
ent regions in the maln analysks may also reflect (and reveal)
biases in the data. Asia had the highest ratio of EQOGHBS disease to
LOMGBS disease, with the Jowest in Africa (3,99 w5 1,02), It is pos-
sible that Asia has less LOGBS disease, consistent with the lower
prevalence of maternal colonization with serotype L1, a serotype
commonly associated with LOGES disezse, Interestingly, when
limiting the EOGHS-LOGES ratio 10 high-quality studies, the
estimate was similar across reglons and lower than the overall
EOQGRSLOGES ratio. This is likely to be inHuenced by those
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Table2. Key Findings and lmplications
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countries with widespread [AP as well as South Africa, which
may have a uniquely low ratio due to the high prevalence of
maternal HIV infection, which predisposes to late-onsct disease,
However, no study from Asia was included in this analysis.

In terms of serotypes causing invasive disease, serotype 11
accounted for over half of all disease-causing isolates followed
by serotypes la, V, and 11, consistent with previous work [9, 141].
Disease-causing serotypes wene similar in prevalenoe across dif-
ferent regions, with some slight variations. The lowest preva-
lence of serotype 111 {(where data were available) was found in
South America and Southeast Asia, 2 of the regions with the
lowest prevalence of seratype 111 among colonized pregnant
women [13]. Serotype distribution was similar to that reported
in the previows review [9], suggesting stability over time.

Our findings suggest GBS disease is an important cause of
infant discase, despite the limitations in the data and uncer-
tainties aboul the bow incidence in Asia. In Afvica, where the
Incidence is highest, the CFR is also highest, suggesting this is
the region where prevention strategies are most critical to intro-
duce. Existing preventive strategies using LAP are not usually
available in low-income contexts and, with a higher number
of home deliveries and late presentation to health facilities for
delivery, IAP may be more difficult to implement. Maternal
vaccination offers an alternative strategy, and the data we have
suggest that a pentavalent conjugate vaccine (including Ta/Te/117
HNEVY would cover almost all discase-causing serotypes (96%)
in young infants worldwide { Table 2).

Supplementary Data

Supplementary mascrials ane available at Clivical Infestions Diseass online,
Consisting of data proveded by the to benefit the reader, the posted
mumlsmm& mp}MiM anl are the sode responsibility of the aathors,
=04 o 15 should be addressed to the corresponding author.
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Supplementary information

Supplementary Table 51: Search terms

Infant

QOutcome

Death

Mortality

Case AND Fatality AND rate

Death [MeSH Terms)

Mortality [MeSH Terms]

Case fatality rate [MeSH Terms]

AND

Streptococcus

Streptococcal

Streptococei AND (Group AND B) or agalactiae
Streptococcus agalactiae [MeSH Terms]

AND

Streptococcus serotype

Streptococcal serotype

Streptococcus agalactiae erotype[MeSH Terms]

Supplementary Table 52: Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Population Invasive GBS disease ininfants  Studies containing only information
aged 0-89 days at onset of on very high-risk groups
infection

Laboratory GBS confirmed by blood / CSF

culture.

Search Mo language resirictions Foreign language papers where it
was not possible to obtain English
translation

Article type  Study reporting more recent Case reports, case series, reviews.

data from country with dynamic  Studies from the same country
trend reporting repeated years or with

dynamic trend over time



110

Results - Article 2

Supplementary Table 53: Characteristics of studies included and data type extracted for

invasive infant GBS disease

Included
Case AP in
Year data tatality use  previous
Author Country Year collection Study type Incidence risk  Serotype review[1]
Andersen[2] Denmark 2004 18992-2001 Community-based Yes Yes Yes
Ball[3] Jamaica 2005 1995-2000 Facility-based Yes No  Yes
Carbonell-Estrany[4] Spain 2008 2004-2005 Facility-based Yes Yes Yes Yes
Chang[5] Taiwan 2003 1985-2001  Facility-based Yes  Yes Yes Yes
Davies[&] Canada 2001 1983-1999  Community-based Yes Yes Yes
Ekelund(7] Denmark 2004 1984-2002  Facility-based Yes Yes Yes Yes
Fluegge[&] Gemany 2006 2001-2003  Community-based Yes Yes Yoz Yes
Hasseltvect[d] Maorway 2001 2000 Community-based Yes Yes Yes Yes
Janek[10] Slovakia 2004 2000-2003 Facility-based Yes Yes Yes
Jiang[11] Taiwan 2004 1992-2001  Facility-based Yes Mo  Yes
Kirm[12] South Korea 2004 1999-2001 Community-based Yeos MNa  Yes
Meta[13] Portugal 2008 2001-2005 Communily-based Yes Yes Yes Yes
Miduvaje[14] Singapore 2006 1999-2000 Facility-based Yes Yes Yes
Ben Hamida[15] Tunisia 2008 2001-2003 Facility-based Yes Mo  Yes
Trijbels- Metherlands 2007 1997-2001 Facility-based Yes Yes Yes Yes
Smeulders[16]
Trotman[17] Jamaica 2006 1991-2000 Facility-based Yes Yes Mo  Yes
Yossuck[18] Thailand 2002 1996-2001  Facility-based Yes Ma  Yes
Hashina[19] Japan 2002 1983-1997 Facility-based Yeos Mo  Yes
Gray[20] Malawi 2007 2004-2005 Facility-based Yes Yes Mo  Yes
Figueira-Coalha[21]  Portugal 2004 1999-2000 Facility-based Yos Yos Yes
Hajdu[22] Morway 20068 2006 UK Yes Yes Yes Yes
Vaciloto[23) EBrazil 2002 1891-2000 Facility-based Yes Mo Yes
Strakova[24] Czach Republic 2004 2001-2002 Facility-based Yas Yes Yos MNo  Yes
Park[25] South Korea 2010 1996-2005 Facility-based Yes Mo Yes
Matsubara[26] Japan 2009 1938-2007 Facility-based Yes Mo Yes
Darmstadt27] Bangladesh 2009 2004-2006 Community-based Yes Yes Yes
Al-Zwaini[28] Irag 2002 2000-2001  Facility-based Yes Mo Yes
Sundaram[29] Invclia 2009 1985-2006 Facility-based Yes Mo  Yes
Martin[30] Antigua and 2007 1984-2002 Facility-based Yes Yes Yes
Barbuda
Chof21] South Korea 2010 1996-2005 Facility-based Yes MNa  Yes
Van den Hoogen[32] Metherdands 2010 1978-2006 Facility-based Yes Yes Yes
Kuhn[33] France 2010 2003-2004 Community-based Yes Yes Yes Yes
Milledge][24] Malawi 2005 1996-2001 Facility-based Yes Na Yes
Zhao[35] Australia 2008 1994-2005 Facility-based Yeos Yes Yeos
Martins[36] Portugal 2007 2000-2004  UNK Yes Yes Yes
Trijbeks- Metherlands 2006 1997-1999  Facility-based Yes Yes Yeos
Smeulders[37]
Fluegge[28] Germany 2005 2001-2003 Facility-based Yes Yes Yes
Persson[38] Sweden 2004 1938-2001  Facility-based Yes Yes Yes Yes Yes
Davies[40] Canada 2004 1985-1999 Community-based Yes Wes Yes
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Bidet[41] France 2003 1990-2002 Facility-based Yes Mo  Yes
Loparda[42] Argentina 2003 1998-1999 Facility-based Yeos Mo  Yes
El-Said[43] Saudi Arabia 2002 1998-2000 Facility-based Yes Mo  Yes
_Ojukwul44] Migaria 2005 2002-2003  Facility-based Yes Mo Yes
Tiskumara[45] Irvcliaa 2009 2008-2009  Facility-based Yes Yes Yeos
Tiskumara[45] Kuwait 2009 2006-2008 Facility-based Yes Yes Yes
Tiskumara[45] Macau 2009 2008-2008  Facility-based Yes Yes Yes
Tiskumara[45] Malaysia 2000 2006-2008 Facilily-based Yes Yes Yos
Tiskumara[45] Thailand 2000 2007-2008 Facility-based Yes Yos Yos
Abdelmaaboud[46]  Qatar 2011 2003-2009  Facility-based Yes Yes  Yes Yes Mo
A-Taiarf47] China 2013 2006-2009  Facility-based Yes UNK Mo
Al-Taiar{47] Malasya 2013 2008-2008 Facility-based Yes UMK Mo
Al-Taiar[47] Thailand 2013 2008-2009  Facility-based Yes UMK Mo
Al-Taiar[47] Kuwait 2011 2005-2008  Facility-based Yes Yes Yes Mo
Bekker{48] Metherlands 2014 1987-2011  Facility-based Yes Yas Mo
Berardi[43] Italy 2013 2003-2010 Community-based Yes Yes Yes Mo
Bromiker{50] Israel 2013 1987-2007  Facility-based Yes Yes No
Chang[51] Japan 2014 2007-2012  Community-based Yes Yes Mo
Cutland[52] South Africa 2015 2004-2008 Facility-based Yes Yes Yes MNo
Cantoni[53] Italy 2013 2004-2006 Community-based Yes Yes Mo
Didier[54] France 2012 2007 Community-based Yes Yes Yes Mo
Evangelista[S5] Brazil 2015 2012-2013  Facility-based Yes Yes Mo Mo
Flole[56] Brazil 2012 2007-2011  Facllity-based Yes Yes  Yes Yes Mo
Giannoni[ﬁﬁ Swatzerland 2016 2011-2015  Facility-based Yes Yes Yes Mo
Giménez[58] Spain 2015 2004-2010  Facility-based Yes Yes  Yes Yes Mo
Hashawvya[59] Israel 2011 2005-2009  Facility-based Yes Yes Mo
Juncosa-Morros{E0]  Spain 2014 1996-2010  Facility-based Yes Yes Yes Mo
Krusa[B1] Vietnam 2013 2009-2010  Facility-based Yes Mo Mo
Liu[B2] China 2015 2013-2014  Facility-based Yes Yes Mo Mo
Matsubara[63] Japan 2013 2004-2010  Facility-based Yes Yes  Yes Yes Mo
Miyata[84] Japan 2012 2002-2009  Facility-based Yes Yes Yes Mo
Oladetti[55) lealand 2011 1975-2006 Facility-based Yas UNKE Mo
Patarsen[56] Denmark 2014 2002-2010  Facility-based Yes Yes Mo
Sakala[67] Japan 2014 2010-2012  Facility-based Yes UNK No
Sridhar{&8] India 2014 1988-2010 Facility-based Yos Yos Mo
Yu[B8] Taiwan 2011 2001-2005  Facility-based Yes Yes Yes Mo
Thatrimeontrichai[70] Thailand 2014 1985-2010  Facility-based Yes UMK, Mo
Ko Danny{71] Australia 2015 2005-2008 Community-based Yes Yes  Yes Yes Mo
Marozumi[72] Japan 2014 2006-2011 Community-based Yes Yes Mo
Almeida[73] France 2015 2008-2012  Facility-based Yes Mo Mo
Brzychczy- Poland 2014 2006-2010  Facility-based Yes UNK Ne
Wioch[74]

Fluegge{75] Germany 2011 2001-2003  Facility-based Yes Yes UMK Mo
Imperi[78] Italy 2011 2005-2008  Facility-based Yes Yes UNK No
Joubrel[77] France 2015 2007-2012  Facility-based Yes Yes Mo
Six[TE] France 2016 2006-2013  Facility-based Yes Yes Mo
Souza[79] Brazil 2013 2008-2010 Facility-based Yes UNK Mo



112 Results - Article 2

Teatera[50] Canada 2014 2009-2012  Community-based Yes Yes Mo
Yoon[81] Korea 2015 1995-2004 Facility-based Yeos Mo Mo
Wang[&2] China 2015 2008-2013 Facility-based Yes UNK  No
Sakata[83] Japan 2012 2008-2011  Facility-based Yes Yes Mo
Rivera[84] Panama 2015 UNK Facility-based Yes Yes  Yes Yas Mo
Villanuava-Ly[85] Thailand 2015 UNK Facility-based Yes Yes UMK Mo
Larcher[86] Argantina 2005 2001-2002 Facility-based Yeos Yos Mo
Sigauquel87] Mozambique 2015 2001-2015  Facility-based Yes Yes  Yes Mo Mo
Vinod[83] India 2016 2011-2015 Facility-based Yes Yes Yes No
Le Doare[89] Gambia 2016 2014 Facility-based Yes Yes Mo No
Sahal20] Bangladesh 2016 2012-2013  Facility-based Yes Yes Mo No
Araujo da Silva[91]  Brazil 2016 2015-2016 Facility-based Yes Yes Mo
Dhaded|32] Irvclia 2016 2014-2015  Facility-based Yes Yes Yes Mo
Dangor(83] South Africa 2016 2005-2014  Facility-based Yes Yes Yes Yes Mo
Rivera[84] Dominican 2015 UNK Facility-based Yes Yes Yes Mo

Republic
Rivera[B4] Hong Kong 2015 UMK Facility-based Yes Yes Yes Mo
Rivera[84] Drominican 2015 UNK Facility-based Yes Yes Yes No

Republic
Villanueva-Uy[85]  Philippines 2015 UNK Facility-based Yes Yes UNK Mo
CDC[4) United States 2014 2014 Community-based Yes Yes  Yes Yos Mo
0" Sullivan[85] United Kingdom 2015 2014-2015 Community-based Yes Yes Yes Yes Mo
Seale [36] Kenya 2016 1888-2013 Community-based Yes Yes  Yes Mo  No
Alhhazmi[87] Canada 2016 2003-2013 Community-based Yes Yes Yes No
Barbosa[98] Brazil 2016 2008-2011 Facility-based Yes Yes MNa Mo
Bartlet[94] Australia 2017 2000-2015  Facility-based Yes Yes Mo
Berardi[100] Italy 2016 2008-2012 Community-based Yes Yes Yes Mo
Bulkowstein[101] Israel 2016 2007-2013  Community-based Yes Mo Mo
Campisi{102] China 2016 2013-2014  Facility-based Yes UNK Ne
Darew]103] Australia 2016 2008-2011 Community-based Yes Yes Yos Mo
Fjalstad[104] Morway 2016 2009-2011 Community-based Yes Yes UMK Mo
Freitas{105] Brazil 2016 2012-2015  Facility-based Yes Yes Yes Mo
Ip[106] Hong Kong 2016 1993-2012 Facility-based Yos UNK Ne
Hammeud[107] Kunwait 2017 2013-2015  Facility-based Yes Yes Mo
Hammeoud[107] United Arab 2017 2013-2015 Facility-based Yes Yas Mo

Emirates
Hammoud[107] Saudi Arabia 2017 2013-2015  Facility-based Yes Yes Mo
Kang|108] South Korea 2017 1985-2015  Facility-based Yes Mo Me
Li YP[109] Taiwan 2016 2008-2013 Facility-based Yes Yes Yes Mo
Lomute[110] Argentina 2006 2002-2005 Facility-based Yes Yes Yes Mo
Mendoza[111] Colombia 2013 2005-2012 Facility-based Yas UMK No
Martinez[112] Chile 2004 1998-2002 Facility-based Yas UMK No
Paliquin[113] Canada 2016 2008-2013 Facility-based Yes Yes Yes Mo
Reinheimer[114] Germany 2016 2010-2016 Facility-based Yes Yas Mo
Zeng[115] China 2016 2012-2014 Facility-based Yes UMK Mo
Tapia[118] Chile 2007 2001-2004 Facility-based Yes Yos Mo
Kabwe[117] Zambia 2016 2013-2014 Facility-based Yes Ne No
Akindolire[118] Migeria 2016 2104 Facility-based Yes Mo No
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Crealla[119] Chile 2002 1990-2001  Faclity-based Yes Yes Mo
Delgado- Costa Rica 2004 2002-2004  Faglity-based No Mo
_Picado[120] _ _
Diaz Alvarez[121]  Cuba 2008 1992-2007 Faciity-based Yes No Mo
Costa[122]  Brazi 2010 2003-2006 Facility-based Yes Yes No
Frigarti[123] South Alrica 2014 2010-2011  Fadiity-based Yeos Yes Mo

CFR: case fatality nsk. 1AP: intrapartum antibiotic prophylaxis. UNK: unknown {information not available).

Supplementary Table S4: Studies excluded (repeated data or more recent data available)

_Author Country Year Year data collection Study type
Angstatra[124] Aurstralia 2007 _1984-2006 Facility-based
Ireland[125] Australia 2014 2002-2011 Facility-based
Daley[126] Australia & NewZealand 2004 1992-2001 Facility-based
May[127] Australia & NewZealand 2005 1992-2002 Facility-based
Meahan[128] Ireland 2014 2007-2011 Facility-based
Berardi[129] Italy 2007 2003-2005 Community- based
Berardi[130] Italy 2011 2003-2010 Community- based
Berardi [131] Italy 2013 2003-2011 Community- based
Berkley[132] Kenya 2005 _1988-2002 Facility-based
_Sigaugue [133] Mozambique 2008 _2001-2006 Facility-based
Eastwood(134] Morthern Ireland 2015 _2008-2010 Facility-based
Madhi[135] South Africa 2003 1997-1999 Facility-based
Cutland [136] South Africa 2008 2004-2007 Facility-based
Cutland [137] South Africa 2012 2004-2007 Unknown
_Dangor{138] South Africa 2015 2012-2014 Facility-based
Schrag[139] South Africa 2012 2004-2007 Facility-based
Andreu[140] Spain 2003 1994-2001 Facility-based
Lopez Sastre[141]  Spain 2005 2000-2001 Facility-based
Martins[142] Spain 2011 1984-2009 Facility-based
Vergnano[143] United Kingdom 2010 2008-2008 Facility-based
Lamagni[144] United Kingdom 2013 1991-2010 Facility-based
Weisner]145] United Kingdom 2004 2000-2001 Cemmunity- based
Meehan[146] United Kingdom 2015 2011-2013 Facility-based
Oddia[147] United Kingdom 2002 1998-2000 Facility-based
Okika[148] United Kingdom 2014 2010-2011 Community- based
Heath[145] United Kingdom & Ireland 2004  2000-2001 Community- based
Brooks[150] United States 2005 1996-2004 Community- based
Castrodale[151] United States 2007 _2000-2004 Cemmunity- based
Chen[1 United States 2005 1990-2002 Facility-based
Cordero[153] United States 2004 1986-2002 Facility-based
Hyde{154] United States 2002 _1888-2000 Cemmunity- based
Mayer-Lynn[155]  United States 2005 1998-2002 Facility-based
Phares[156] United States 2008 1989-2005 Community- based
Puopalo[157] United States 2005 1987-2003 Facility-based
CDC[158] United States 2007 _2003-2005 Community- based
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Steli[159] United States 2002 1998-2000 Facility-based
Jordan{180] United States 2008 1990-2005 Community- based
COC[181] United States 2009 2000-2008 Community- based
Ecker [162] United States 2013 1990-2007 Facility-based
Greenhow][163] United States 2012 2005-2009 Community- based
Greanhow][164] United States 2014 2005-2011 Community- based
Mukhopadhyay[165] United States 2013 2008-2009 Facility-based
Mukhopadhyay[166] United States 2014 2008-2012 Facility-based
Tudela[187] United States 2012 2000-2008 Facility-based
Weston[168] United States 2011 2005-2008 Community- based
Stafford]165] United States 2012 2000-2008 Fagility-based
Stoll[170] United States 2011 2006-2008 Facility-based
Parente[171] United States 2017 2002-2012 Community- based

Wortham([17.2] United States 2016 2008-2008 Facility-based
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Supplementary Figure 51; Incidence of invasive infant GBS disease in studies from
United States, 2002-2017, grouped in year periods

el (=L

ALTEd L Fenbirre GBE Wiwight
301008
Wﬂﬂ ;o0g ;481 158 45
L] 2002 204 ] o
Pty 2008 L] = Ly |
Comdaes 1) bl SakiA 4a A
A 2008 1 20wA2 A a
Bragi 7% 2008 AIT00Y o 455
belayme L yr 2008 ] & (1)
Euttelsl (-aquared = B IS, p = 0000 2404
a0aT-3011
e ) 21 FELaE 1% ar

el BN 17a% ATy
COcH 2007 1363 L 4T
iy 2007 T n ATy
== el FR24TE a4 418
PrEaire 2008 4T e 4T
WG 21 L3 ) o ar
Gubiclsl [Heguarsd = B9 &% p = 00000) ann
HELINAT
Echar i 213 45000 Hil s
Tussaa 4 Foytd 14188 L) LE -1 &
Grasnhostt! ks Tacdtl 1\ . BT 0T, 0.0 4T3
Pargragt ™ T TS et Hd 0L U a8
GO ot AN 245 - RUET [0S0, 068 L]
Siuford £ 23 FAMET ol - DR {083 085 A
et 02 201 485 -] = A3 008, 3.8 are
W Foll b g b u LET-RLN 4Ty
Licikchpachryy 11 20 e 4 § — TA3(1.08, 15N ]
IebebFopatryr 203 283793 -] LH 0L, 487
Subtclsl flanguarsd = 57 e p s D0000) 1+ B 80{0IN 368 A1
Croprmd (Faguared = LB b= 00000 ] AT [0AT. 3AT L1

HCTE: \Wyigiiy e bpen suraiom SVechn inshas H
T T

Supplementary Figure 52: Publication years of included studies on incidence of
invasive infant GBS disease

16

10

Y L T T T T



116  Results - Article 2

Supplementary Figure 534, Map illustrating number of studies by country reporting
incidence of GBS invasive disease in the previous systematic review by Edmond[1].

Supplementary Figure S3B. Map illustrating overall incidence of GBS disease among
infants aged 0-89 days by country included in the previous meta-analysis by
Edmond(1].
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Supplementary Figure S7: Incidence risk of late-onset GBS disease worldwide by

region
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Supplementary Figure S8: Case fatality risk of GBS disease in infants aged 0-89 days

worldwide by region
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Supplementary Figure 59: Case fatality risk of early-onset GBS disease by region.
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Supplementary Figure 511: Map of included studies reporting serotype data for infant GBS disease
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Supplementary Figure S14: Meningitis cases among early-onset GBS cases.
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Supplementary Figure 316: Incidence of GBS disease among infants aged 0-89 days in

facility-based studies by region.
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Supplementary Figure 517 Incidence of early-onset GBS disease amaong infants in

facility-based studies by region
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Supplementary Figure 519: Incidence of early-onset of GBS disease among infants aged 0-6 days by region®
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* Analysis was restricted to those studies reporting GBS early-onset incidence for complete period (infants aged 0-6 days).
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Supplementary Figure 520; Incidence of late-onset of GBS disease among infants aged 7-89 days
by regions®
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Supplementary Figure 521: Incidence of late-onset of GBS disease among infants aged 7-27 days
by country

A

wr o =
Comiy e ekl o LTt e
e . " I- orrer -
s EW U = - [rreT -m
ews  mW b @ g, W) i
Orvmah e = M ¥ = BT } [LTTEH 0
T i s S

*Analysis was restricted to those studies reporting GBS late-onset incidence in infants aged 7-27 days



Results - Article 2 135

REFEREMNCES

1.

2

10.
1.
12,
13

14,
15.

16,

17.
18.
19.
20.

21,

22,

23.

24,
25.

26,

Edmond KM, Kortsalioudaki C, Scott 5, et al. Group B streptococcal disease in infants aged younger than 3
months: systematic review and meta-analysis. Lancet 2012; 379(2815): 547-56.

Andersen J, Christensen R, Herlel J. Clinical features and epidemiclogy of seplicaemia and meningitis in
necnates due to Strepilococcus agalactiae in Copenhagen County, Denmark: a 10 year survey from 1952 to
2001. Acta Pacdialr 2004; 93(10): 1334-9.

Bell % ea. Meonatal sepsis in Jamaican neonates, Ann Trop Paediatr 2008; 25(4): 283-6,

Carbonell-Estrany X, Figueras-Aloy J, Salcedo-Abizanda 5, de la Rosa-Fraile M. Probable early-cnset group B
strepiococcal neonatal sepsis: a serious clinical condition related to intrauterine infection. Arch Dis Child Fetal
Meonatal Ed 2008; 53(2). FB5-9,

Chang CJ, Chang WN, Huang LT, ¢t al. Neonatal bacterial meningitis in southern Takvan, Pediatr Neurel 2003;
29(4) 288-94,

Davies HD, Raj S, Adair C, Robinson J, McGeer A. Population-based active surveillance for necnatal group B
streplococcal infections in Alberta, Canada: implications for vaccine formulation. Pediatr Infect Dis J 2001,
20(9). 879-84,

Ekelund K, Konradsan HE. Invasive group B streplococcal disease in infants: a 19-year nationwide study.
Serotype distribution, incidence and recurrent infection. Epidemiol Infect 2004; 132(8): 1083-90,

Fluegge K, Siedler A, Heinrich B, et al. Incidence and clinical presentation of invasive neonatal group B
strepiococcal infections in Germany. Pediatrics 2006; 117(6): @1138-45.

Hasseltvedt V, etal. Systemic streptococcal group B disease in Norway-an increasing health preblem, Euro
Surveill 2001; 5(40): 2086,

Janek Lea. Screening of Hemolylical Streptococcus of Group B in Pregnancy and Prevention of Infection in
Newborns, Ceska Gynekologie 2004; 63(2): B1-4.

Jiang JH. Chiu NC, Huang FY, et al. Necnatal sepsis in the neonatal intensive care unit: characteristics of early
versus late onset. J Microbiol Immunal Infect 2004, 37(5): 301-6.

Kim J5, Jang YT, Kim JD, et al. Incidence of Haemophilus influenzae type b and other invasive diseases in
South Korean children. Vaccine 2004, 22(29-30): 3952-62.

Metoe MT. Group B streptococcal disease in Portuguese infants younger than 80 days. Arch Dis Child Fetal
MNeonatal Ed 2008, 93(2). F90-3.

Miduvaje K, Amutha C, Roy J. Early necnatal streptococcal infection. Indian J Pediatr 2006; 73(7): 573-6.

Ben Hamida Mouaili E, Harouni M, Chacuachi 3, Sfar R, Marrakchi Z. [Eardy-onset necnatal bacterial infections:
a retrospeclive seres of 144 cases]. Tunis Med 2008; BE(2): 136-9.

Trijpels-Smeaulders M, de Jonge GA, Pasker-de Jong PC, el al, Epidemiclogy of neonatal group B streptococcal
disease in the Netharlands before and after introduction of guidelines for prévention. Arch Dis Child Fatal
Neonatal Ed 2007, 92{4). F271-6.

Trotman H, Bell ¥, Mecnatal group B streptococcal infection at the University Hospital of the West Indies,
Jamaica: a 10-year experience. Ann Trop Paediatr 2006; 26(1): 53-7.

Yossuck P, Preedisripipat K. Necnatal group B streptococcal infection: incidence and clinical manifestation in
Siriraj Hospital. J Med Assoc Thai 2002; 85 Suppl 2: S478-87.

Hoshina K ea. Trend of necnatal group B streptoceccal infection during the last 15 years. Pediatr Int 2002;
44(6) 641-8.

Gray KJ, Bennett 5L, French M, Phiri AJ, Graham SM. Invasive group B streptococcal infection in infants,
Malawi. Emerg Infect Dis 2007, 13(2): 223-9.

Figueira-Coelho J, Ramirez M, Salgado MJ, Melo-Cristing J. Streptococcus agalactiae in a large Portuguese
teaching hospital: antimicrobial susceptibility, serotype distribution, and clonal analysis of macrolide-resistant
isolates. Microb Drug Resist 2004; 10{1): 31-8.

Hajdu A, Blystad H, Hoiby EA, Klouman E, Schimmer B, Mygard K. Unexpected increase in case fatality of
invasive group B streptococcal infections in infants in Norway, January-July 2006, Eure Surveill 2008, 11(7):
EQBOT2T 2.

Vaciloto E, et.al. A survey of the Incidence of Neonatal Sepsis by Group B Streplococcus During a Decade in a
Brazilian Matemity Hospital. The Brazilian journal of infectious diseases | an official publication of the Brazilian
Society of Infectious Diseases 2002; 6(2); 55-62.

Strakova L. Motlova J. Active surveillance of early onset disease due to group to group B streptococci in
newboms. Indian J Med Res 2004; 119 205-T.

Park KH, Kim KH, Kang JH, et al. Current status and clinical presentations of invasive neonatal Group B
strepiococcal infections in Korea. Pediatr Int 2010; 53(2): 236-9,

Matsubara K, Yamamaoto G. Invasive group B streptococcal infections in a tertiary care hospital between 1588
and 2007 in Japan. Intarnational journal of infectious diseases : LD : official publication of the International
Society for Infectious Discases 2009; 13(8); 679-84,



136  Results - Article 2

2T, Darmstadt GL. Saha SK. Choi Y, ot al. Population-based incidence and aticlogy of community-acquired
neanatal bacteremia in Mirzapwr, Bangladesh: an sbservational study. J Infect Dis 2008; 200(6): S06-15.

28, Al-Zwaini EJ. Neonatal septicasmia in the neanatal cane unit, Al-Anbar govemnorate, irag. East Mediterr Healtin J
2002; 8{4-5): 308-14.

29, Sundaram V. Kumar P, Dulta 5, el al. Blood cullure confirmed bactenial sepsis in neonates in a North Indian
tertiary care center. changes over the last decade. Jpa J Infect Dis 2000; 62{1); 46-50.

30, Martin TC, Adamsan J, Dicksen T, DiGiantomasso E, Mesbitt C. Does group B streptococcal infection contribute
significantly to neonatal sepsis in Antigua and Barbuda? West Indian Med J 2007, 58(8). 498-301.

EIR Cho HE, Lae H, Kang JH, et al. The causativae organisms of bacterial meningitis in Karean children in 1256-
2005. J Korean Med Sci 2010; 25(6) 835-9.

32, van dan Hoogen A, Gerards LJ. Verboon-Maciclek MA, Flaer A, Kradiet TG. Long-term trands in the
epidemiclogy of neonatal sepsis and antibiotic susceptibility of causative agents. Meonatology 2009; 97{1): 22-
a8.

a3, Kuhn P, Dheu G, Bolender C, ot al. Incidence and distribution of pathogens in eary-onset neonatal sepsis in the
era of antenatal antibictics. Paediatr Perinat Epidemiol 2010; 24(5): 4T3-87.

34, Milledge J. etal. Aeticlogy of neonatal sepsis in Blaniyre, Malawi: 1998-2001, Ann Trop Paediatr 2006; 25(2)
10110,

a5, Zhaao Z, Kong F, Zeng X, Gidding HF, Morgan J, Gilbert GL. Distribution of genctypes and antibiotic resistance
genes amang invasive Streptococcus agalactiae (group B streptoccccus) isolates from Australasian patiants
balonging to diffarent age groups. Clinical microbiology and infection : the official publication of the Ewropaan
Society of Clinical Microbialogy and Infectious Diseases 2008; 14(3) 260-7,

38, Martins ER., Pessanha MA, Ramirez M, Melo-Cristing J. Analysis of group B streplococcal isolates from infants
and pregnant woman in Portugal revealing two Eneages with enhanced invasiveness. J Chn Microbiol 2007,
4310} 3224-9.

3T Trijpels-Smeulders MA, Kimpen JL, Kollee LA, et al. Serolypes. genotypes. and antibiolic susceptibility profiles
of group B streplococci causing neonatal sepsis and meningitis before and afler introduction af antibsolic
prophylaxis. Pediatr Infect Dis J 2006; 25(10): 945-8.

3B, Fluagge K, Supper 5, Siedler A, Bermaer R. Serolype distribution of invasive group B sireplococcal isolatas in
infants; results fram a nationwide active laboratory surveillance study over 2 years in Germany, Clin Infect Dis
20085; a0y5): TE0-3.

38, Parsson E, Berg 5, Trolifors B, et al. Serciypes and clinical manifastations of invasive group B streptococcal
infactions in westemn Sweden 1998-2001. Clinical microbiclogy and infection : the official publication of the
European Sockety of Clinlcal Microblology and Infectious Discases 2004; 10(9) T81-6.

40, Davies HD, Jones W, Whittarm TS, Elsayed 3, Bisharat M, Baker CJ. Multilocus sequence typing of serotype Il
group B streplococcus and cormelation with pathegenic potential. J Infoct Dis 2004; 189(6): 1097-102.

41, Bidet P, Brahimi N, Chalas C, Aujard ¥, Bingen E. Molecular characterization of serolype Il group B-
streplococeus isolates causing neonalal meningiis, J Infect Dis 2003; 188(8): 1132-7,

42, Lepardo HA, Vidal P, Jeric P, at al. Siz-month multicentar study an invasive infectons due to group B
strepbococci in Argentina. J Clin Microgiol 2003; 41(10): 4688-94.

43, El-Said M, etal. Epidemniclogy of neonatal meningdis in Catar, Sawdi Med J 2002; 23(7); T89-92,

A4, Ojukwu JU, et.al. Necnatal septicermia in high risk babées in South-Eastern Nigeria. JPennathed 2005; 34; 166-
T2,

45, Tiskumara R. Fakharee SH, Liu CQ, ot al. Neonatal infections in Asia. Arch Dis Child Fetal Meonatal Ed 2009:
942} F144-8,

48, Abdelmaaboud M, Mohammed AF, Abdelmaaboud M, Mohammed AF. Universal sereening vs, Ask-based
strategy for prevention of early-enset necnatal Group-B streptococcal disease. Joumal of Tropical Pediatrics
2011; 57(6): 444-50.

47, AlTaiar A, Hammoud MS, Cuiging L. ot al. Neonatal infections in China, Malaysia, Hong Kong and Thailand.
Archives of Disease in Childhood Fetal & Meonalal Edition 2013; 38(3): F243-55.

48, Bekker V. Bijlsma MW, van de Beek D. el al. Incidence of invasive group B streplococcal disease and pathogen
ganotype destribution in newbormn babies in the Netherdands over 25 years: a nationwide surveillance study. Tha
Lancet Infectious Diseases 2014 14(11): 1083-9,

48, Berardi A, Rossi C, Lugli L, ot al. Group B streptococcus late-onset discase: 2003-2010. Pediatrics 2013;
131(2): e361-8.

=0, Bromiker R. Emest N, Meir MB, ot al. Comelation of bacterial type and antibiotic sensitivity with maternal
antibiolic exposure in early-onsel neonatal sepsis.[Erratum appears in Neonatology. 2013,103(1):53).
HNeonatology 2013; 103(1) 48-53.

51, Chang B, Wada A, Hosoya M, et al. Characteristics of group B Strepiococcus isolated fram infants with invasive

infactions: a population-based study in Japan. Japanese Joumal of Infectious Diseases 2014; B7(5): 358-60.



Results - Article 2 137

52,

33

35,

56,

57,

58,

a9,

B0,

61,

62,

63,

B5.
BB,
B7.
68,
69,

T0.

1.

T2

T3

T4,

Cutland CL, Schrag 54, Thigpen MC, ei al, Increased risk for group B Streptococcus sepsis in young infants
exposed to HIV, Soweto, South Africa, 2004-2008(1). Emerging Infectious Discases 2016, 21(4): 638-45.
Cantoni L, Ronfani L, Da Riod R, et al. Physical examination instead of laboratory tests for most infants born to
mathers colonized with group B Streptococcus: support for the Centers for Disease Control and Prevention's
2010 recommendations. Journal of Pediatrics 2013, 163(2): S68-T3.

Didier C, Streicher MP, Chognaot D, et al. Late-onset necnatal infections: incidences and pathogens in the era of
antenatal antibictics. European Journal of Pediatrics 2012; 171(4): 681-7.

Evangelista ML, Freitas FT, Evangelista MLB, Freitas FTdM. Group B streptococcus neonatal infection in an
intensive care unit in Brazil: high fatality and missed opportunities for antibictic prophylaxis, Braziian Journal of
Infectious Discases 2016, 15(1): 98-9.

Fiole K, Zanardi CE, Salvadego M, et al. [Infection rate and Streptococcus agalactiae serotypes in samples of
infacted necnates in the city of Campinas (Sao Paulo), Brazil]. Revista Brasileira de Ginecologia e Obstetricia
2012; 34(12): 544-9.

Giannoni E, Berger C, Stocker M, et al. Incidence and Outcome of Group B Streptococcal Sepsis in Infants in
Switzerland. Pediatric Infectious Disease Journal 2016; 35 (2): 222-4.

Gimenez M, Sanfeliu |, Sierra M, et al, Group B streptococcal early-onsel neenatal sepsis in the area of
Barcelona (2004-2010). Analysis of missed opportunities for prevention. [Spanish]. Enfermedades Infecciosas y
Microbiologia Clinica Monografias 2015; 33 (7): 446-50.

Hashavya S, Benenson 3, Ergaz-Shaltiel Z, et al. The use of blood counts and blood cultures to screen
necnates born to partially treated group B Streptoceccus-carrier mothers for early-onset sepsis: is it justified?
Pediatric Infectious Disease Joumnal 2011; 30{10); 840-3.

Juncosa-Morros T, Guardia-Llobet C, Bosch-Mestres J, et al. Streptococcus agalactiae late-onset neonatal
infections in Barcelona (199€-2010). [Spanish]. Enfermedadeas Infecciosas y Microbiologia Clinica Monografias
2014; 32 (9): 574-8.

Kruse AY, Thieu Chuong do H, Phuong CHM, et al. Meonatal bloodstream infections in a pediatric hospital in
Wietnam: a cohort study. Journal of Tropical Pediatrics 2013; 59(6) 483-8,

Liu H, Zeng H, Wang W, et al. Estimating the burden of invasive Group B Streptococcal disease in young
infants in southern mainland China: An cbservational study. International Journal of Clinical and Experimental
Medicine 2015; & (8); 13628-707,

Matsubara K, Hoshina K. Suzuki ¥, Maisubara K, Hoshina K, Suzuki . Eary-onsei and late-onset group B
streplococcal diseasae in Japan: a nationwide surveillance study. 2004-2010. International Journal of Infectous
Diseases 2013; 17(6): e379-84,

Miyata A, Takahashi H, Kubo T, et al. Early-onset group B streptococcal disease following culture-based
screening in Japan: A single center study, Journal of Obstefrics and Gynaecology Research 2012; 38 (8): 1052-
6.

Qladettir GL, Erlendsdottir H, Palsson G, ot al. Increasing incidence of late-onset neonatal invasive group B
strepiococeal infections in lceland. Pediatric Infectious Disease Journal 2011; 30(8); 861-3.

Petersen KB, Johansen HK, Rosthoj S, Krebs L, Pinborg A, Hedegaard M. Increasing prevalence of group B
strepiococcal infection among pregnant women. Danish Medical Journal 2014, 51(9): 2014,

Sakata H, Sakata H. Pediatric invasive streptococeal infection in northern and eastern regions of Hokkaida,
Japan from 2010 to 2012, Pediatrics International 2014, 58(3): 360-3.

Sridhar 5, Grace R, Nithya PJ, et al. Group B streptococcal infection in a tertiary hospital in India--1998-2010.
Peadiatric Infectious Disease Journal 2014; 33(10): 1081-2.

Yu HW, Lin HC, Yang PH, et al. Group B streptococcal infection in Talwan: maternal colonization and neonatal
infection. Pediatrics & NMeonatology 2011; 52(4); 190-5,

Thatrimontrichai A, Chanvitan P. Janjindamai W, Dissaneevate S, Jefferies A, Shah V. Trends in neonatal
sepsis in a neonatal intensive care unit in Thailand before and after construction of a new facility. Aslan
Biomedicine 2014; 8 (8): 771-8.

Ko DWW, Zurynski ¥, Gilbert GL. Group B streptococcal disease and genotypes in Australian infants. J Paediatr
Child Health 2015; 51(8): 808-14.

Morozumi M, Wajima T, Kuwata ¥, et al. Associations batween capsular serotype, multilocus sequence type,
and macrelide resistance in Streplococcus agalactiae isolates from Japanese infants with invasive infections.
Epidemioclogy & Infection 2014; 142(4): 812-9,

Almeida A, Villan A, Joubrel C, et al. Whale-Genome Comparison Uncovers Genomic Mutations batween
Group B Streptococc] Sampled fram Infected Newborns and Their Methers. Journal of Bacteriology 2015;
197(20); 3354-66.

Brzychezy-Wioch M, Gosiewski T, Bulanda M, Brzychczy-Wioch M, Gosiewski T, Bulanda M. Mulilocus
sequence types of invasive and colonizing neonatal group B streptococc in Poland, Medical Principles &
Practice 2014; 23(4): 323-30.



138  Results - Article 2

T5. Fluegge K, Wans J. Spellerberg B, of al. Genetic differences between invasive and noninvasive neonalal groug
B streptococcal isolates. Pediatric Infectious Disease Jowmnal 2041; 30(12): 1027-31.

TE, Imper M, Gherardi G, Berardi AL et al, Invasive neonatal GBS infections from an area-based survelllance study
in Maly. Clinical Microbiclogy & Infection 2011; 17{12): 1834-9.

Tr. Joubrel C. Tazi A, Six A, el al. Group B streptococcus neonalal invasive infections, France 2007-2012, Clinical
Micrabielogy and Infecton 2015; 21 {10); 910-6,

TE. Six A, Firon A, Plainvert C, et al. Maolecular characterization of nenhermalytic and nenpigmenied group b
streptococc responsible for human invasive infections. Journal of Clinical Microbiology 2018: 34 (1) T5-82,

T, Souza VC, Kegele FC, Souza SR, ef al. Antimicrobial susceptibility and genetic divarsity of Streptococcus
agalactiae recoverad from newbams and pregnant women in Brazil. Scandinavian Joumnal of Infectious
Diseases 2013; 43(10): 780-5.

B0, Teaters 5. McGaer A, Low DE. et al. Characterization of invasive group B streptecoccus strains from the
greater Toronto area, Canada, Jaurnal of Clinical Microbislogy 2014; 52(5k 1441-7,

81, Yoon 1A, Jo DS, Cho EY, Chal EH, Lee HJ, Lea H. Clinical signficance of serotype YV amaong infants with
invasive group B streglococcal infections in South Korea. International Jownal of Infectious Diseases 2015; 38:
138-40.

B2, Wang P, Ma Z, Tong J, &t al. Serolype distribution, antimicrobial resistance, and molecular characlenzation of
invasive group B Streptococcus isolates recovered from Chinese necnates. Infemational Journal of Infectious.
Diseases 2015; 37: e115-e8.

B3, Sakata H, Sakata H. Evaluation of intrapartum antibiotic prophylaxis for the prevention of sarly-onsat group B
streptocaccal infection, Journal of Infection & Chamatherapy 2012; 18(6): 853-7.

B4, Rivera L, Saez-Llorens X, Fers-lglesias J, et al, Incidence and serotype distribution of invasive group 8
streptococcal disease in young infants: a multi-country cbservational study. BMC Pediatr 2015; 15: 143,

85 Villanueva-Uy ME., Wongsiridej P, Sangtawesin V., et al. THE BURDEN OF INVASIVE NEOMATAL GROUP B
STREPTOCOCCAL (GBE) DISEASE IN THAILAND AND THE PHILIPFFINES, Southeast Asian J Trop Med
Public Health 2015; 46(4); 728-37.

B8, Larcher J5, Capelline F, De Giusto R, et al. [Group B streplococcus colonization dusing pregnancy and
pravention of aarly onset of diseasae]. Medicina (B Aires) 2006: 65(3) 201-8.

ar, Sigadgque B BQ, Vubi D, Mandomando |, Mensendez C, Alonso PL. Invasive baclenal infection among admitted
neanates, in Manhica District Hespital, ssuth of Mozambsgue. Manhiga, Maputo, Mozambique: Centro de
Investigagac am Sadde de Manhiga.. 2011.

BB, Paul VK Agarewal R. Characterisation and antimicrobial resistance of sepsis pathogens in neonates born in
tertiary care centres in Delhl, India; a cobort study, Lancet Glob Health 2016; 4(10); 752-60.

aa, Le Doare K, Jarfju 5, Darboe 5, et al. Risk factors for Group B Streptococcus colonisation and disease in
Gambian women and their infants. J Infect 2016; 72(3): 203-84.

a0, Saha K et al. Unpublished. Tangail. Bangladesh, 2018,

a1, Araujo da Silva AR el al, Unpublished. Ric de Janaino, Brazil, 2016.

82, Dhaded SM el al. Unpublished. Kamataka South India: J N Medical College and KLE Dr P K Hospital Belagavi,
2016,

a3, Dangor Z, Cutland CL, lzu A, et al. Temporal Changes in Invasive Group B Streptococcus Serotypes:
Implications for Vaccine Development. PLoS One 2016; 11(12); 168101,

a4, Centers for Disease Control and Prevention (CDC). Active Bacterdal Core Survelllance (ABCs) Report. . Inc
Streptococcus. EIPNGE, Vel. 2016, 2014,

a5, O'Sullivan CP LT, Patel D, Efstratiou A . Cunnay R | Ladhani S | Reynolds A, Campbell R | Doherty L, Davies
E . Jones C . Heath P.T. . Group B Streplococeal (GBS) disease in UK and Irish infants younger than 80 days,
2014-2015. 2017,

96, Seale AC, Koech AC, Sheppard AE, et al. Matemal colonization with Streptococcus agalactias and associated
stillbirth and neonatal disease in coastal Kenya. Mature microbiclogy 2016; 1(7): 16087,

ar, Alhhazmi A, Hurteau D, Tyrrell GJ. Epidemiology of Invasive Group B Streplococcal Disease in Alberia,
Canada, from 2003 to 2013, J Clin Microbiol 2018; 54(T): 1774-81.

98, Barbosa NG, Dos Reis H, Mantese OC, Mussi-Pinhata MM, Abdallah VO, Gonto Filho PP, Eady-onset
neonatal sepsis by Group B Streptecoccus in a Brazilian public hospital, The Brazilian journal of infectious
diseases : an official publication of the Brazilian Society of Infectious Discases 2016; 20§6); 647-8,

98, Bartlett AW, Smith B, George CR, el al. Epidemiclogy of Late and Very Late Onset Group B Streptococcal
Disease: Fifteen-Yoar Experience From Two Australian Tertiary Pediatric Facilities. Pediatr Infect Dis J 2017:
381} 20-4,

100.  Berardi A, Baroni L, Bacehi Reggiani ML, et al. The burden of early-onset sepsis in Emilia-Romagna (ltalyk a 4-

year, population-based study. The jownal of matemal-fetal & neonatal medicine - the official joumnal of the
Eurcpaan Association of Parinatal Medicine, the Federation of Asia and Oceania Perinatal Societies. the
International Sociely of Pennatal Obstet 2016, 290191 3126-31.



Results - Article 2 139

101.

102,

103.

104

105

106.

107.

108.

108.

110.

111

112,

113

114

115.
116.
117.
118.
118,
120
121.

122

123

124

Bulkowstein 5, Ben-Shimal 5, Given-Lavi M, Melamed R, Shany E, Greenberg D. Comparison of early onset
sepsis and community-acquired late onset sepsis in infants less than 3 menths of age. BMC Pediatr 2016, 16:
82.

Campisi E, Rosini R, Ji W, et al. Genomic Analysis Reveals Multi-Drug Resistance Clusters in Group B
Streptococcus CC1T Hypervirulent Isolates Causing Meonatal Invasive Discase in Southern Mainland China.
Frontiers in microbsology 2016; T: 1285,

Darlow BA, Voss L, Lennon DR, Grimwood K. Early-onset neonatal group B sireptococcus sepsis following
national risk-based prevention guidelines. The Australian & New Zealand jounal of obstetrics & gynaccology
2016; 56(1): 69-T4.

Fjalstad JW, Stensvold HJ, Bergseng H, et al. Eardy-onse! Sepsis and Antiblotic Exposure in Termn Infants: A
MNatiomwide Population-based Study in Norway. Pediatr Infect Dis J 2016; 35(1): 1-6.

Freitas FT, Romero GA. Early-onset neonatal sepsis and the implementation of group B streptococcus
prophylaxis in @ Brazilian maternity hospital: a descriptive study, The Brazilian journal of infectious discases : an
official publication of the Brazilian Society of Infectious Diseases 2017; 21(1): 82-T.

Ip M, Ang |, Fung K, Liyanapathirana V', Lua MJ, Lai R. Hypervirulent Clone of Group B Streplococcus Serotype
Il Sequence Type 283, Hong Kong, 1993-2012, Emerg Infect Dis 2016; 22(10): 1800-3.

Hammoud M5, Al-Taiar A, Al-Abdi 5Y, et al. Culture-proven early-onset neonatal sepsis in Arab states in the
Gul region: two-year prospective study, Intemational journal of infectious discases : WID ; official publication of
the International Society for Infectious Diseases 2017; 55: 11-5.

Kang HM, Lee HJ, Lee H. et al. Genotype Characterization of Group B Streptococcus Isolated from Infants with
Invasive Diseases in South Korea, Pedialr Infect Dis J 2047,

Li ¥P, Kuok CM. Lin Y, Hsieh WS, Shyu MK, Group B streptococcus antimicrobial resistance in necnates bomn
to group B sireptococcus-colonized mothers: Single-center survey. The journal of obstetrics and gynaecology
research 2016; 42(11): 1471-5.

Lomuto CQ, Marta; Migr. Carclina; Fatur, Daniel; Messina, Analia; Santos, Morberto. [Approach to the
epidemiclogic situation in Argentina of the parinatal infection by beta hemuolylic streplococcus of the B group
(EGB) ]. Rev Hosp Matern Infant Ramon Sarda 2006; 25(1): 13-8.

Mendoza OM. Arias M. Mendoza L.. [Sepsis neonatal Group B Streptococcus and gram negative bacteria:
prevalence and risk of meningitis]. Rev chil pediatr 2013; 84(5).

Martinez kA, Ovalle A. Duran C, et al. [Serotypes and antimicrobial susceptibility of Streptococcus agalactiae].
Revista medica de Chile 2004; 132(3): 548-35.

Paliquin V. Cohen E, Poliquin PG, Schreider C, Menticoglou 5. Ongoing Cases of Early-Onset Group B
Streptococcal Disease in the Era of Screening and Prophylaxis. Journal of obstetrics and gynaecology Canada :
JOGC = Journal d'obstetrique et gynecologie du Canada ; JOGC 2016; 38(10); 926-9

Reinhaimer C, Kempf VA, Wittekindt BE, et al. Group B sireptococcus infections in neonates admitted to a
Gamnan NICU: Emphas: on screening and adherence 1o pre-analytical recommendations. Early Hum Dev
2016; 103; 37-41.

Zeng SJ, Tang XS, Zhao WL, Qi HX, Wang H, Feng ZC. Clinical analysis of cases of necnatal Streplococcus
agalactiae sepsis. Genetics and molecular research | GMR 2018; 15(2).

Tapia IJ, Reichhard TC, Saldias RM, et al, [Meonatal sepsis in the era of antenatal antibiotic prophylaxis],
Revista chilena de infectologia : organo oficial de la Sociedad Chilena de Infectologia 2007, 24(2): 111-6.
Kabwe M, Tembo J, Chilukutu L, et al. Eticlogy, Antibiotic Resistance and Risk Factors for Meonatal Sepsisina
Large Refarral Center in Zambia. Pediatr Infect Dis J 2016; 35(7): e1891-8.

Akindelire AE, Tongo O, Dada-Adegbola H, Akinyinka O, Eticlogy of early onset septicemia among neonates at
the University College Hospital, Ibadan, Nigeria. J Infect Dev Clries 2016; 10(12); 1338-44,

Orvalle A, Levancini M. Urinary tract infections in pregnancy. Curr Opin Ural 2001; 11{1): 55-9.

Delgade Picado E; Saenz-Sanchez C, Calderon Zumiga A. [Rate of Colonization of Streptococcus Agalactiae in
Pregnant Women and Mecnates, Women's Hospital Dr Adolfo Carit Eva). Rev costarric cienc méd 2004; 25{1):
23-32.

Diaz-Alvarez M CD, Pérez-Amarillo J. [Infections due to Streptococcus agalactiae at an open nesnatology
sarvice |. Rev Cubana Pediatr 2008; 80(4).

Costa N; Carvalho M, Moura 5; Junior SC. [Beta-hemolylic streptococcus in pregnant women and their newborn
infants: a critical analysis of the protocol used at Fernandes Figueira Institute, Oswaldo Cruz Foundation, in
Brazil]. Rev paul pediatr 2010; 28(2).

Frigati L, van der Merwe JL, Harvey J, Rable H, Theren G, Cotton MF. A retrespective review of group B
strepiococcal infection in the Metro East area of the Western Cape province: 2010 to 2011, Southern African
Journal of Infectious Discases 2014; 23(1): 32-6.

Angstetra D, Ferguson J, Giles WB. Institution of universal screening for Group B streptococcus (GBS) from a
risk management protocol results in reduction of early-cnset GBS disease in a tertiary obstetric unit. The
Australian & Mew Zealand journal of obstetrics & gynaccology 2007, 47(5). 375-82,



140  Results - Article 2

125.  lIreland 5, Larkins 5, Kandasamy ¥, Ireland 5, Larkins 5, Kandasamy . Group B streptococcal infection in the
first 80 days of Me In Morth Queensiand, Australian & Mew Zealand Joumnal of Obstetrics & Gynaccology 2014;
S4(2): 146-51.

126.  Daley AJ, Isaacs D. Ten-yaar study on the effect of intrapartum antibiotic prophylaxis on early onset group B
streptococcal and Escherichia coli neonatal sepsis in Australasia, Pediatr Infect Dis J 2004; 23(7): 630-4.

127.  May M, Daley AJ, Donath 5, lsascs D. Early onset neonatal menmngitis in Australia and Mew Zealand, 1992-
2002. Arch Dis Child Fetal Mecnatal Ed 2005; S0{4): F324-7T.

128.  Meehan M, Cunney R, Cafferkey M, Meehan M, Cunney R, Cafferkey M. Molecular epidemiclegy of group B
streptococci in Ireland reveals a diverse populabion with evidence of capsular swilching. European Journal of
Clinical Microbiclogy & Infectious Diseases 2014; 33(Tk 1155-82.

128.  Berardi A Lugli L, Baronciani D, et al. Group B streptococcal infections in a northern region of ltaly. Pediatrics
2007 120(3): e487-93,

130,  Berardi A, Lugli L, Rossi C, ot al, Intrapartum antibictic prophylais failure and group-8 streplococcus eary-
onset disease, Journal of Matemnal-Fetal & Neonatal Medicine 2014; 24(10); 1221-4,

131.  Berardi A Lugli L, Rossi G, et al. Impact of perinatal praclices for early-onset group B Streplococcal disease
prevention, Pedialr Infect Dis J 2013; 32(7): e265-71.

132, Berklay JA, Lowa BS. Mwangi |, ol al. Bacteramia among children admitted to a rural hospial in Kenya. N Engl
J Med 2008; 352(1) 39-47.

133.  Sigauque B, Roca A, Mandomando |, et al. Community-acquired bacteramia among children admitted 1o a rural
hospital in Mozambique. Pediatr Infect Dis J 2009; 28(2): 108-13.

134, Eastwood KA, Craig S, Sidhu H, et al, Prevention of early-onset Group B Streplococcal dissase - the Northern
Ireland experence. BJOG: An Intemational Journal of Obstetrics & Gynaccology 2015; 122(3) 361-7.

135.  Madhi 5A, Radebe K. Crewe-Brown H, et al. High burdan of invasive Streptococcus agalactiae disease in South
African infants. Ann Trop Paadiatr 2003; 23{1): 15-23.

136,  Cutland CL, Madhi 3A, Zell ER, ¢t al. Chiorhexidine maternal-vaginal and neonate body wipes in sepsis and
vertical transmission of pathogenic bacteria in South Africa: a randemised, controlled trial. Lancet 2009;
ITHOT05): 1905-16.

137.  Cutland CL, Schrag 5.J. Zell ER. ot al. Maternal HIV infection and vartical transmission of pathogenic bacteria.
Pediatrics 2012; 13043); e581-90.

138. Dangor Z, Lala 5G, Cutland CL, el al. Burden of invasive group B Streptococcus disease and early neurclogical
saquelas in South African infants. PLaS ONE 2015; 10 (4) (no pagination){e0123014).

138.  Schrag 5J. Cutland CL. Zoll ER. ot al. Risk factors for neonatal sepsis and perinatal death among infants
enralled in the prevention of perinatal sepsis trial, Soweto, Scuth Africa, Pediatric Infectious Dsease Journal
2012; 31 (8): B21-5.

140, Andreu A Sanfeliu |, Vinas L, et al. [Decreasing incidence of perinatal group B streptococcal disease
{Barcelona 1994-2002). Relation with hospital prevention pelicies], Enferm Infecc Microbicl Clin 2003; 21(4)
174-9.

141. Lepez Sastre JB, Fernandez Colomer B, Coto Cotalle GD, Ramas Aparicio A. Trends in the apidemiclogy of
necnatal sepsis of wertical transmission in the era of group B streptococcal prevention. Acta Paediatr 2005;
B4(4): 451-7.

142, Martins ER, Andreu A, Correia P, et al. Group B strepiococei causing neonatal infections in barcelona are a
stable clonal population: 18-year surveillance. Journal of Clinical Microbiclogy 2011:; 49(8): 2811-8.

143, Vergnano 5, Menson E, Kennea M, et al. Mecnatal infections in England: the NeonlM surveillance network, Arch
Dig Child Fatal Neanatal Ed 2010; 96(1): F3-F14,

144,  Lamagnl TL, Keshishian G, Efsiratiou AL et al. Emerging trends in the epidemiology of invasive group B
streptococcal disease in England and Wales, 1991-2010. Clinical Infectious Diseases 2013; 5T(5): 682-8.

145. Weisner AM, Johnson AP, Lamagni TL, et al. Characterization of group B streptococci recovered from infants
with invasive disease in England and Wales. Clin Infect Dis 2004; 38(2): 1203-8.

146.  Meshan M, Cafferkey M, Corcoran 5, et al. Real-ime polymerase chain reaction and cullure in the diagnosis of
invasive group B strepiococcal disease in infants: a retrospective study. Evropean Joumnal of Clinical
Micrabiology and Infectious Diseases 2015; 34 (12): 2413-20.

147, Oddie 5, Embleton ND. Risk factors for aarly onset neonatal group B streplococcal sepsis: case-control study.,
BMJ (Clinical research ed) 2002; 325(7358); 308,

148, Okike 1O, Johnson AP, Henderson KL, et al. Incidence, etiology, and outcome of bacterial meningitis in infants
aged <90 days in the United kingdom and Republic of Ingland: prospective. enhanced, national population-
based surveillance, Clinical Infectious Diseases 2014; 5810} ¢150-7,

1489,  Heath PT, Balour G, Weisner AM, el al. Group B streplococcal disease in UK and Irish infants younger than 90
days. Lancet 2004; 363(8405) 292-4.

150.  Eary-onset and late-onset neonatal group B streplococcal disease-LUnited States, 1586-2004. MMWR Morb

Mertal Wiy Rep 2005; 54{47) 1205-5,



Results - Article 2 141

151.

152

153.

154

155.

156.

157

158

158,

180.

1681

18z,

183.

184,

165

186.
167.
188.
168.
170.
171

172,

Castrodale L, Gessner B, Hammitt L, Chimonas MA, Hennessy T. Invasive eary-onset necnatal group B
streplococcal cases--Alaska, 2000-2004. Matern Child Health J 2007; 11(1): 91-5.

Chen KT, Puopolo KM, Eichenwald EC, Onderdonk AB, Licberman E. Mo increase in rates of carly-onset
necnatal sepsis by antibictic-resistant group B Streptococcus in the era of intrapartum antibiotic prophylaxis. Am
J Costet Gynecol 2006, 192(4) 1167-T1.

Cordero L, Rau R, Taylor D, Ayers LW, Enteric gram-negative bacilli bloodstream infections: 17 years'
expariance in a necnatal intensive care unit. Am J Infect Control 2004; 32(4): 189-95.

Hyde T, Hilger TM, Reingold A, Farley MM, O'Brien KL, Schuchat A. Trends in incidence and antimicrobial
resistance of early-onsat sepsis: population-based surveillance in San Francisco and Atlanta. Pediatrics 2002;
11044} 620-5.

Mayor-Lynn K, Gonzalez-Quintera WH, O'Sullivan MJ, Hartstein Al, Roger S, Tamayo M. Compariscn of early-
onsat neonatal sepsis caused by Escherichia coli and group B Streptococcus. Am J Obstet Gynecol 2005;
192(5): 1437-9,

Phares CR, Lynfield R, Farley MM, et al. Epidemiology of invasive group B streptococcal disease in the United
States, 1998-2005. JAMA, 2008; 299(17): 2058-65.

Puopolo KM, Madeff LC, Eichenwald EC. Early-onset group B strepiococeal disease in the era of maternal
screening. Pediatrics 2005, 115(5): 1240-6.

Perinatal group B streptococcal discase after universal screening recommendations-—-United States, 2003-2005.
MMWR Morb Mortal Wkly Rep 2007; 56(28): 701-5,

Stoll BJ. Hansen M, Fanaroff A%, et al. Changes in pathogens causing early-onsot sepsis in vary-low-birth-
weight infants, N Engl J Med 2002; 347(4): 240-7,

Jordan HT, Farley MM, Craig A, et al. Revisiting the need for vaccine prevention of late-onset necnatal group B
streplococcal disease: a multistate, population-based analysis. Pediatr Infect Dis J 2008; 27{12): 1057-64.
Trends in perinatal group B streptococcal disease - United States, 2000-2006. MMWR Morb Mortal Wkly Rep
2009; 55(3): 109-12.

Ecker KL, Donchue FK, Kim K3, Shepard JA, Aucolt SW. The impact of group B Streplococcus prophylaxis on
early onset necnatal infections. Journal of Meonatal-Perinatal Medicine 2013; 6(1); 37-44.

Greanhow TL. Hung Y. Herz AM, Greenhow TL, Hung ¥-Y, Herz AM. Changing epidemiclogy of bacteremia in
infants aged 1 week to 3 months. Pediatrics 2012; 129(3): e580-6,

Greenhow TL, Hung Y, Herz AM, et al, The changing epidemiology of serious bacterial infections in young
infants. Pediatric Infectious Disease Journal 2014; 33(8): 595-9.

Mukhopadhyay S, Eichenwald EC, Puopolo KM, Neonatal early-onset sepsis evaluations among well-appearing
infamts: prejected impact of changes in COC GBS guidelines. Journal of Perinatology 2013, 33(3): 128-205.
Mukhopadhyay 5, Dukhovny D, Mao W, et al. 2010 perinatal GBS prevention guideline and resource uldization.
Pediatrics 2014; 133(2): 196-203.

Tudela CM, Stewart RD, Roberts 3W, et al. Intraparium evidence of early-onset group B streptococcus.
Obstetrics & Gynecology 2012; 115(3): 626-9,

Weston EJ, Pondo T, Lewis MM, et al. The burden of invasive early-onset necnatal sepsis in the United States,
2005-2008. Pediatric Infectious Disease Journal 2011; 30{11). 937-41.

Stafford 1A, Stewart RD, Sheffield JS, ot al. Efficacy of maternal and neonatal chemeoprophylaxis for early-onset
group B streplococcal disease. Obstetrics and gynecology 2012; 120 (1): 123-9,

Stell BJ, Hansen NI, Sanchez PJ, ¢t al. Eary Onset Neonatal Sepsis: The Burden of Group B Streptococcal and
E. coli Disease Continues. Pediatrics 2011; 127(5): B17-28.

Parente V, Clark RH, Ku L, et al. Risk factors for group B streptococcal disease in neonates of mothers with
negative antenatal testing. Journal of perinatology : official journal of the Califernia Perinatal Association 2017;
3T(2): 157-81.

Wortham JM, Hansen NI, Schrag SJ, et al. Choricamniondis and culture-confirmed, early-onset neonatal
infections. Pediatrics 2016; 137 (1) (no pagination){e20152323).






Results - Article 3 143

ARTICLE 3

Maternal carriage of Group B streptococcus
and Escherichia coli in a district hospital in
Mozambique

Lola Madrid, Sénia Amds Maculuve, Alba Vilajeliu, Emma Saez,
Sergio Massora, Anelsio Cossa, Rosauro Varo, Antonio Sitoe,
Noraida Mosqueda, Rui Anselmo, Khatia Munguambe, Sara M Soto,
Cinta Moraleda, Eusebio Macete, Clara Menéndez, Quique Bassat.

Accepted in Pediatric Infectious Diseases Journal
2017 Impact Factor 2.49



144  Results - Article 3

Maternal carriage of Group B streptococcus and
Escherichia coli in a district hospital in Mozambique

Lola Madrid > MD, MSc; Sénia Amés Maculuve® MD; Alba Vilajeliu®
MD, MSc; Emma Saez’ MD, MSc, PhD; Sergio Massora' MSc; Anelsio
Cossa' Biologist; Rosauro Varo> MD, MSc; Antonio Sitoe' MD;
Noraida Mosqueda’ Biologist; Rui Anselmo’ Sociologist; Khatia
Munguambe' MSc, PhD; Sara M Soto’ PhD; Cinta Moraleda* MD, MSc,
PhD; Eusebio Macete' MD, PhD; Clara Menéndez"** MD, MSc, PhD;
Quique Bassat“*®’ MD, MSc, PhD

1. Centro de Investigacdo em Saude de Manhiga (CISM), Maputo,
Mozambique

2. ISGlobal, Hospital Clinic - Universitat de Barcelona, Barcelona, Spain
3. Gavi, the Vaccine Alliance, Geneva, Switzerland.

4. Seccion de Enfermedades Infecciosas de Pediatria. Hospital
Universitario 12 de Octubre. Universidad Complutense. Instituto de
investigacion Hospital 12 de Octubre, Madrid, Spain

5. Consorcio de Investigacidon Biomédica en Red de Epidemiologia y
Salud Publica (CIBERESP), Spain

6. Pediatric Infectious Diseases Unit, Pediatrics Department, Hospital
Sant Joan de Déu (University of Barcelona), Barcelona, Spain

7. ICREA, Pg. Lluis Companys 23, 08010 Barcelona, Spain

* Corresponding author and person to whom reprint requests should be
addressed:

Lola Madrid

Address: ISGlobal, Rosselld 132, 4-23, 08036, Barcelona, Spain

Phone: +34 932275400 (ext. 4121)

Fax: +34 93 227 1806

E-mail: lola.madrid@isglobal.org



Results - Article 3 145

FUNDING

The research leading to these results has received funding from Instituto de
Salud Carlos Il (ISClII) through a program Miguel Servet obtained by Quique
Bassat (Plan Nacional de I+D+l 2008-2011, grant number: CP11/00269.
Sara M. Soto has a fellowship from the program I3, of the ISCIII. During the
duration of the study Lola Madrid had a fellowship from the program Rio
Hortega of the ISCIII (grant no.: CP13/00260).The CISM receives financial
support from the Spanish Agency for International Cooperation(AECID).

KEYWORDS
Group B streptococcus, Escherichia coli, Recto-vaginal colonization, maternal
colonization, maternal risk factors.

Abbreviated title
Maternal colonization by GBS and E. coli in southern Mozambique

Running head title
Maternal colonization by GBS and E. coli

FINANCIAL DISCLOSURE
Quique Bassat had during the duration of the study a fellowship from the
program Miguel Servet of the ISCIII (Plan Nacional de [+D+l 2008-2011,
grant number: CP11/00269). Lola Madrid had a fellowship from the program
Rio Hortega of the ISCIII (CM13/00260) and Sara M. Soto has a fellowship
from the program 13, of the ISCIIl while the study was conducted. SM, AV,
ES, SM, AC, RV, AN, NM, RA, KM, CM, EM and CM have nothing to declare.



146 Results - Article 3

ABSTRACT

Background: In low-income countries, data on prevalence and effects
of Group B streptococcus (GBS) and Escherichia coli (E. coli) colonization
among pregnant women are scarce, but necessary to formulate prevention
strategies. We assessed prevalence of GBS and E. coli colonization and
factors associated among pregnant women, its effect in newborns and
acceptability regarding the utilized sampling methods in a semirural
Mozambican hospital.

Methods: Pregnant women were recruited from June 2014 to January 2015,
during routine antenatal clinics at gestational age 234 weeks (n=200); or
upon delivery (n=120). Maternal risk factors were collected. Vaginal and
vagino-rectal samples for GBS and E. coli determination were obtained and
characterized in terms of antimicrobial resistance and serotype. Anti-GBS
antibodies were also determined. Neonatal follow-up was performed in the
first three months after birth. Semi-structured interviews were performed
to investigate acceptability of sample collection methods.

Results: 21.3% of women recruited were GBS carriers, while 16.3% were
positive for E. coli. Prevalence of HIV was 36.6%. No association was found
between being colonized by GBS and E. coli and maternal risk factors.
GBS isolates were fully susceptible to penicillin and ampicillin. Serotypes
V (32.4%), la (14.7%) and Il (10.3%) were the most commonly found and
69.2% of the women tested had immunoglobulin G antibodies against GBS.
E. coliisolates showed resistance to ampicillin in 28.9% and co-trimoxazol
in 61.3% of the cases.

Conclusion: Prevalence of GBS and/or E. coli colonization among pregnant
women is high in this semirural community and comparable to those
reported in similar settings. Four serotypes accounted for nearly 70% of
all isolates of GBS. Population based data on infant GBS infections would
enable the design of prevention strategies for GBS disease in Mozambique.

BACKGROUND
In 2016, 5.6 million children under the age of five died with nearly half of
those deaths occurring in the first 28 days of life, the so-called neonatal
period’. Neonatal deaths are disproportionately distributed across the
globe, with 95% of them taking place in developing regions and infections
remain a major contributor to this preventable mortality*>.

Vertical transmission of bacteria that are normal commensal flora or
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pathogens of the maternal genitourinary and gastrointestinal tracts, such
as Group B streptococcus (GBS) or Escherichia coli (E. coli) are leading
determinants of neonatal morbidity and mortality, causing invasive bacterial
infections that can manifest as sepsis, pneumonia and meningitis*°. GBS
and E. coli are particularly associated with early-onset neonatal disease
(EOD, 0-6 days after birth®), but can also cause late-onset disease (LOD,
7-89 days’), preterm birth and very-low-birth-weight®®, all of which are
responsible for substantial morbidity and mortality in sub-Saharan Africa
(SSA)**™ The estimated incidence of GBS neonatal disease in SSA countries
suggests a burden at least comparable to that found in high-income
countries (HIC) before the implementation of the preventive strategies®.

Maternal GBS carriage during the period closely related to the delivery
has consistently been demonstrated to determine the risk of vertical
transmission, and thus of ensuing neonatal disease. Prevalence of maternal
colonization varies from 6.5 to 36%" in Europe and has been reported higher
than 20% in Sub-Saharan countries, although precise regional maternal
carriage data for this continent are scarce' ' **.Maternal risk factors
associated with higher prevalence of GBS colonization are controversial.
Both younger* and older maternal ages” have been reported as maternal
characteristics associated with higher risk of GBS colonization, as well as
higher education”, higher income*, and high sexual activity". The relation
between HIV infection and risk for GBS maternal colonization has yet to be
fully elucidated. Studies conducted in the United States* or in Zimbabwe*
did not find an increased risk among HIV infected individuals, whereas
researchers from South Africa® found a lower colonization prevalence
among HIV-infected mothers. Vertical transmission of GBS may significantly
increase (up to a 64% higher) among HIV-exposed infants compared with
non-HIV exposed ones™.

The primary intervention to reduce GBS-associated EOD involves the
administration of intrapartum antibiotic prophylaxis (IAP) to women
identified to either 1) be GBS carriers through microbiological screening
(35-37 weeks’ gestation)®* of samples obtained from their genito-urinary
or gastrointestinal lower tract; or 2) fulfil any of the different risk factors
associated with neonatal disease®*. In HIC, the widespread implementation
of the IAP strategy has significantly reduced GBS EOD among those babies
born to women in whom it was correctly applied. The IAP strategy has
however not demonstrated any impact on GBS-associated LOD, or in the
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prevention of E. coli neonatal disease of any kind"**. In low and lower-
middle income countries (LIC and LMIC), the fragility of the health systems
and the generalized lack of microbiology facilities, in the absence of a
reliable rapid point of care test for GBS, hinders the applicability of the
IAP strategy, therefore jeopardising the prevention of life-threatening GBS
neonatal infections®.

Despite SSA having the highest incidence of neonatal sepsis worldwide®,
epidemiological data on GBS and E. coli maternal colonization in this
continent are scarce. In Mozambique, as a paradigmatic example, a Pubmed
search only provides five results from studies reporting GBS data*****, and
only two of those related to maternal colonization, describing a prevalence
of colonization as low as 1.8%” or even lower (1%)”, difficult to contextualize
among much higher prevalence data from neighboring sub-Saharan African
countries™. Additionally, and to our knowledge, no articles reporting E.
coli colonization prevalence in pregnant women in Mozambique have
been published and only one multicenter study conducted in South Africa,
Kenya and Rwanda have determined simultaneously the vaginal GBS and
E. coli carriage rates in SSA**°. Such data, however, appear necessary for
a better and more evidence-based design of preventive strategies, based
on the resources and infrastructures available.

This study aimed to determine the prevalence of pregnant women colonized
by GBS and E. coli attending a semi-rural Mozambican hospital, analyze
risk factors associated to higher risk of carriage by these pathogens and
characterize the isolates in terms of antimicrobial resistance and serotype
distribution. As secondary objectives, we determined the neonatal outcomes
and assessed the feasibility and acceptability of collecting vaginal and
vagino-rectal samples among pregnant women, with the idea of generating
locally-relevant data useful to guide national preventive strategies and
policies to reduce transmission and the toll of such potentially life-threatening
infections in the newborn.

METHODS
Study site
The study was conducted in Manhiga, a semi-rural site in Southern
Mozambique. The Manhica Health Research Center (CISM) runs a
Demographic Surveillance System (DSS) in the area and a morbidity
surveillance system (MSS) at the Manhica District Hospital (MDH), across
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the street. A detailed description of MDH, CISM and the study area can be
found elsewhere®. MDH is the referral hospital for the Manhica district,
covering a population of circa 183,000 inhabitants. The MDH includes adult
and paediatric wards, together with a maternity, where between 3500-
4000 deliveries take place annually. Institutional delivery rates are around
85-90% in the study area. MDH also includes an outpatient department
and an antenatal care (ANC) clinic where pregnant women are routinely
followed. As part of the National policy, all pregnant women are invited to
attend antenatal consultations during their pregnancy, where HIV testing
and other screening of infections and conditions are routinely offered,
in addition to intermittent preventive treatment during pregnancy (IPTp)
for malaria prevention, a disease highly endemic in the area. Manhiga
district has one of the highest prevalence rates of HIV in the world, with
HIV prevalence during pregnancy having been estimated at around 29%
during antenatal consultations®. No strategy to prevent neonatal sepsis is
currently implemented in Mozambique. The hospital has recently introduced
WHO-recommended Option B+ for the prevention of mother-to-child HIV
transmission, which is offered to mothers free of charge.

Study design and population

This observational prospective study was conducted at the ANC and
delivery wards of MDH, between June 15 2014 and January 15 2015,
running continuously during working hours (8:00-16:00) and working
days. We recruited pregnant women at two different time-points during
their pregnancy. One group during routine antenatal care with a minimum
estimated gestational age >34 weeks, as measured by fundal height >=32cm,
2 cm above the midpoint between umbilicus and xiphoyd process. A second
group of women was recruited upon delivery (regardless of gestational
age) if they were not recruited at ANC clinics, in order to understand real
life risk for vertical transmission rate of GBS or E.coli to their offspring with
no interference of antibiotic treatments. Participants were eligible for
inclusion if they lived in the study area, were in good physical and mental
health, able and willing to participate in the study and to provide informed
consent. All women fulfilling inclusion criteria were eligible to participate
in the study, and in order to obtain a more representative sample of the
study population, the first two women seen every day were approached
for recruitment.
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Definitions

GBS colonization was considered in the event of a positive vaginal or
vagino-rectal culture for GBS. E. coli colonization was considered when
the positive vaginal culture grew E. coli. E. coli urinary tract infection
was diagnosed when E. coli grew (>105 colony-forming units/mL) in the
urine samples of pregnant women. Abortion was defined as pregnancy
termination prior to 20 weeks’ gestation or a foetus born weighting less
than 500 g*. A preterm baby was defined as that with a gestational age
at birth <37 weeks and stillbirth as intrauterine deaths occurring after 28
weeks of gestational age. Low-birth weight was defined as weight at birth
<2,500 grams.

Study procedures

Sampling procedures

Microbiological swab samples were obtained from each participant (ANC or
upon admission in labour at the delivery wards, but always prior to delivery)
without the use of antiseptic solution or a speculum. A sample from the
lower third of the vagina and a fresh urine sample were taken for E. coli
determination. For GBS determination, samples included a lower vaginal
swab (vaginal sample), and a single swab for the vagino-rectal sample,
consisting on a sample of the vagina first and then the rectum obtained
performing a brief rotation of the swab through the outer sphincter.
Both kinds of swabs were collected in all women in order to compare the
prevalence of GBS colonization detected by the two samples. Swabs were
immediately placed in Amies transport medium and sent to the laboratory
within 24 hours. The vaginal and vagino-rectal samples for GBS determination
were inoculated directly onto Granada medium (Group B Streptococcus
Differential Agar, Becton Dickinson, Erembodegem, Belgium) incubated
anaerobically at 372C for 24 hours. Vaginal samples for E. coli determination
were spread onto MacConkey agar and urine samples were inoculated onto
agar Cysteine lactose electrolyte deficient (CLED) and MacConkey agar and
incubated at 372C overnight without CO2. E. coli isolates were identified
based on colony appearance, Gram stain, latex agglutination with the
Pastorex Strepto kit (Bio-rad Laboratories®, Marnes-la-Coquette, France)
and standard biochemical tests for E. coli determination. Both, GBS and
E. coli isolates were confirmed by MALDI-TOF. Resistance profiles were
determined via Kirby-Bauer disk diffusion method following the Clinical
& Laboratory Standards Institute (CSLI) guidelines.
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Determination of the GBS capsular type or serotype implied the utilization
of a multiplex-PCR using a set of primers described previously*. DNA of
each isolate was obtained using the High Pure PCR Template Preparation
kit (Roche, Spain). Briefly, this procedure consisted in performing three
PCR reactions using specific primers for 10 different serotypes. Reaction 1
detects [la, Ib, II, lll and IV], reaction 2 [V, VI, VII, VIl and IX] and reaction
3 is the amplification control. PCR conditions involved an initial step of
952C for 3 min, followed by 30 cycles of 952 C for 1 min, 572 C for 1 min
and 722 C for 2 min, and a final step of 722 C for 10 min The PCR products
were visualized by electrophoresis using 1% agarose gels. Antibody (AB)
determination was identified in blood samples of mothers recruited at
delivery. They were performed by ELISA using whole bacteria as antigens.
This procedure is a modification based on the protocol proposed by Baker
et al®, using an optical density to 450 nm with a correction at 620 nm. The
cut-off value for positivity was chosen to be > 1 OD units, in order to be
more strict than the one proposed by Baker (>0.125).

Maternal HIV infection status was determined and recorded if not previously
known. Other screening tests routinely performed at ANC, such as syphilis
or hemoglobin determination were also performed and recorded.

Communication of results to mothers and case management

Clinical assessment and management of patients was done following
international guidelines for countries with no clear screen-and-treat national
rules, both at the ANC and at the maternity. For those women identified as
carriers of GBS in vagino-rectal swabs collected at the ANC, a field worker
delivered to the mother at home a study card detailing the microbiological
findings, together with indications of what to do during delivery, so that
intrapartum antibiotics could be administered to the mother, following
the CDC guidelines™. Urinary tract infections secondary to E. coli were
also reported and treated according to national guidelines for pregnant
women. All recruited women were encouraged to deliver at hospital and
clinical staff was trained to identify them. Any child born to a recruited
mother and found to be sick at delivery was assessed by a study clinician,
and routine screening for bacterial surveillance (including a blood culture
and a lumbar puncture to obtain cerebrospinal fluid (CSF) performed and
clinical management organized according to MDH guidelines.

Although the aim of this study was not to assess the efficacy of IAP
(already known), due to ethical considerations, IAP was started in GBS
infected women upon labour initiation, according to CDC guidelines®. In
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cases where IAP could not be adequately performed, we followed Spanish
recommendations and prophylactic antibiotic treatment (50,000 IU of
intramuscular penicillin as a single dose for a newborn weighting >2000
grams, or 25.000 IU if weight <2000 grams) was administered within the
first hour after birth to the newborns of mothers with confirmed GBS
colonization®. Such children were observed at hospital for a minimum of
24h. For women recruited at delivery, culture results were not available
until at least 24-48h after recruitment. In such cases (and also in cases of
women with pending GBS result recruited prior to delivery) we kept the
newborns under observation for a minimum of 24 hours after delivery,
and provided clear recommendations to mothers regarding the need for
a follow up visit should the newborn become sick in the first weeks of life.
Babies born to study participant mothers were followed-up during the first
three months after birth.

Assessment of the acceptability of vaginal and vagino-rectal sampling

The study included a simple socio-behavioural component to evaluate the
acceptability of collecting samples (vaginal and vagino-rectal swabs) during
pregnancy. “Non-participant observations” were conducted, whereby a
member of the study team observed the procedures being conducted
(excluding genital examinations), and complemented by semi-structured
interviews to a small sample of pregnant women not participating in the
study but contemporaneously attending the ANC. Finally, semi-structured
interviews were conducted among some participants who had accepted to
provide vaginal and rectal samples. Questions, themes and probes arising
from the non-participant observation, other than stated in the interview
guide, were included in the semi-structured interviews.

Statistical analysis

All data were prospectively collected using standardized questionnaires,
which were double entered in specific study databases, created using
Openclinica© software. Discrepancies were solved after comparison with the
original source documents by a senior data clerk, and in close collaboration
with the study clinicians. Statistical analyses were performed using StataCorp.
2015. Stata Statistical Software: Release 14 (College Station, TX: StataCorp
LP). Study variables were counted and summarized in frequency tables.
Qualitative variables were compared using a Chi-squared test or Fisher’s
exact test. Continuous variables were described as mean (standard deviation,
SD) or median values (interquartile range, IQR) and were compared using
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the test for normal distributions or the Mann Whitney test for skewed data.
Logistic regression univariate and multivariate analyses were performed
to identify risk factors for GBS or E. coli colonization, separately. Variables
that were found to be significantly associated with GBS or E. coli in the
univariate analysis together with those related at a significance level of
p<0.10 were entered into a multivariate model. Age and gestational age
at recruitment were also included in the multivariate analysis based on
previous studies™ **’. A separate univariate and multivariate analysis of
risk factor associated to GBS or E. coli colonization among HIV pregnant
women was also performed.

Ethical considerations

This protocol and all supporting documentation (Informed consent
documents, Study questionnaires) were approved by the local bioethics
committee of CISM (Comité Institucional de Bioética para Saude do CISM
(CIBS-CISM), and by the National Bioethics Committee of Maputo (CNBS) in
Mozambique; and by the Ethics Committee of the Hospital Clinic in Barcelona,
Spain. Written information and consent forms in the local language were
provided to the women. After the interview, participants were asked to
express their willingness to participate in the study by signing (or thumb-
printing in case they were illiterate) the consent form. Participation in this
study was voluntary, and study-related procedures did not interfere with
the pregnant women'’s or children’s standard clinical care.

RESULTS

Between June 15 2014 and January 15 2015, 320 pregnant women were
recruited at MDH (Study profile in figure 1). Table 1 summarizes the socio-
demographic and clinical characteristics of participants. Median age of
recruited women was 24 years (Interquartile range, IQR 20-31), with no
significant differences according to recruitment place. No major differences
could be found in relation with recruitment site, with the exception of
a higher frequency of higher education among women recruited upon
delivery compared with those recruited at ANC (7.0% vs. 26.7%, p<0.001).
More than one third of women (117/320, 36.6%) were HIV positive.
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Figure 1. Study profile.
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Table 1. Socio-demographic and clinical characteristics of all pregnant women
recruited at antenatal clinics or directly upon delivery.

Antenatal clinics Del
Everain recruitment remm p value®
n (%) n=200 n=120
n (%) n (%)
Socio-demographic characteristics
Age in years 0.040
<21 112 (35.0) 61(30.5) 51(42.5)
22t0 29 110 (34.4) 69 (34.5) 41(34.2)
230 9% (20.6) F035.0) 281(23.3)
Seconday or tertiary education 46 (14.4) 14(7.0) 321(26.7) <0.001
Employment 17(5.3) 11(5.5) 6 (5.0) 0.85
Obstetric History
Age of first pregnancy (meanSD)  18.6 (£2.6) 18.6 (+2.9) 18.7 (£2.7) 0.67
Gravidity (meant5D) 2.8 (x1.8) 2.9(+1.7) 2.7 (+£1.9) 0.43
Previous abortion 24 (7.5) 12 (6.0} 12 {10.0) 0.19
History of current pregnancy
G“::::ﬁ:: Tm‘:::g;'; 37.1(£2.0) 36.0(£1.2) 389 (£1.6) <0.001
At least 3 antenatal visits during the . 95 (47.5) 70(58.3) 0.007
pregnancy
Gestational hypertension 23(7.2) 16(8.0) 7(5.8) 0.51
Vaginal itching 21 (6.6) 21(10.5) o (0} <0.001
Vaginal discharge 125 (39.1) 123 (61.5) 2{1.7) <0,001
Urinary symptoms 3(0.9) 31(1.5) 0{0.0) 0.18
Antibiotic usage' 13 (4.0) 10(5.0) 3(2.5) 0.10
Investigations during pregnancy
Syphilis positive 2(0.8) 1{0.5) 1{0.5) 0.70
HIV positive 117 (36.6) 79 (39.5) 38(31.7) 0.16
HIV positive on HAART® 111 (94.9) 77(97.5) 34 (89.5) 0.024
Anemia (<11g/dL)* 206 (64.4) 152 {76.0) 54 (45.0) 0.047
Neonatal Outcome
Gestational age at birth
Term newborn 290 (90.8) 177 (88.5) 113 (94.2) 0.09
Pre term newborn 30(7.8) 23(9.5) 7{5.0)
stillbirth 5(1.8) 4(2.0) 1(0.8) 0.26
Low birth weight [<2500g) 31(9.7) 9(4.5) 22(18.3) <0.001
Death after birth™ 7(2.7) 513.6) 2{17) <0.001

MA: not applicable; *HAART: highly active antiretroviral therapy: "P-value was derived from Chi? test for
categorical variables and t-test for quantitative variables'Antibiotic usage two weeks before sample
collection. Data available for 259 women. Based on data for 262 newborns followed-up 90 days after birth.
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Prevalence of GBS and E. coli colonization among pregnant women

More than a fifth (68/320; 21.3%) of all recruited women were colonized by
GBS, detected in both samples in 33 women, in 15 in the vaginal one only,
andin 20 in the vagino-rectal one only. A non-statistically significant higher
proportion of GBS were isolated from the vagino-rectal sample (16.6%) as
compared to the vagina (15.0%, p=0.81). Prevalence of GBS colonization
was borderline significantly higher among women recruited upon delivery
compared to those recruited at ANC (32/120 (26.7%) vs. 36/200 (18.0%),
p=0.07). Fifty-two women had E. coli vaginal colonization (16.3%), being
significantly more common among women recruited at delivery (22.5%
vs. 12.5%, p=0.019) and 10/320 (3.1%) had a positive E. coli urine culture.
Among HIV positive pregnant women recruited, GBS colonization was
found in 26/117 (22.2%). E. coli vaginal colonization was determined in
18/117 (15.4%) HIV-positive women.

Anti-group B streptococcus antibodies

Antibodies against GBS were detected in 83/120 (69.1%) women recruited
at delivery. Of them, 23/32 (71.9%) were among GBS colonized mothers
and 60/88 (68.2%) among non-colonized women (figure 2). Among HIV
positive participants, AB anti-GBS were detected in 25/38 (65.8%) of those
tested. Forty women had AB against more than one GBS serotype, being
the most frequent AB against serotype la (24/120, 20%), against serotype
Ib (76/120, 63.3%) and against serotype V (27/120, 22.5%). Correlating
presence of antibodies to the homotypic GBS serotype, 2/4 (50%) women
colonized by serotype la had AB against it, 6/6 (100%) for serotype lb, 0/3
(0%) for serotype Il and 7/14 (50%) of those carriers of Ib serotype had
AB against their homotypic serotype.

Risk factors associated to GBS and E. coli carriage

Table 2 presents the univariate analyses of associations of the different
socio-demographics, clinical and laboratory variables with vaginal GBS
and E. coli carriage. In the final multivariate GBS model (Table 3), no risk
factors were significantly associated with GBS carriage. Similarly, no risk
factors appeared to be independently associated with maternal vaginal E.
coli carriage (table 4). The univariate and multivariate analyses performed
to identify risk factors of GBS or E. coli colonization but restricted to HIV-
infected women showed no differences compared to those including all
women (data not shown).
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Figure 2. Bubble plot demonstrating antibodies against GBS serotype la, b, 11, 111,
IV and V in blood samples from women recruited at delivery (n=120]).
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Table 2. Univariate analysis of socio-demographic and clinical variables among women colonized
by GBS or E. coli

GBS GBS E. coli E. coli
colonized  uncolonized Crude OR P colonized uncolonized Crude OR p
n= 68, n=252, (95%C1) value®  n=852, n=268, (95%C1) value®
n (%) n (%) n (%) n (%)
Socio-demographic
characteristics
Age in years 0.70 0.70
<21 21(30.9) 91 (36.1) 1.00 18(34.6)  94(35.1) 1.00
221029 24 (35.3) BG(34.1)  1.21(06-2.3) 183(34.6) 92(34.3)  1.02 (0.5-2.1)
230 23(33.8) 75(29.8)  133(0.7-2.6) 16(30.8) 82(30.6) 1.02(0.5-2.1)
e "mse‘:::':;: W(14.7]  36(143)  103(05232) 0593 12(23.1) 34(12.7)  2.06(10-43) 005
Employment 5 (7.3) 12 (4.8) 1.59(0.5-4.7) 040 2(3.9) 15(5.6) 0.67(0.1-3.1) 061
History of current
pregnancy
Place of recruitment
Antenatal elinke 36 (52.9) 1654 (65.1) 1.00 25(481)  175(65.3) 1.00 0.02
At delivery 32 (47.1) BB (34.9)  1.66(0.9-29) 0.07 27(51.9) 93{34.7)  2.03(L1-27)
Gestational age at
recruitment [weeks) 37.3(+2.2) 37.0(+#1.9] 1.08(05-1.2) 0338 37.3(03) 37.0(:01) 107(09-1.2) 036
(meantsD)*
At least 3 antenatal visits
during the pregnancy 37 (54.4) 128(50.8)  1.39(0.8-28) 029 29(64.4) 136(57.6) 1.33(0.7-26) 040
Gestational hypertension 4 (5.9) 19(7.5) 0.75(0.2-2.3)  0.26 4(8.0) 19{7.2) 1.13(0.4-3.5) 084
Vaginal itching 2 (2.9) 19(7.5) 037{0.1-186) 017 4(7.7) 17(6.3)  1.23(0.4-3.8) 013
Vaginal discharge 22 (32.4) 103 (40.9) 069(04-1.2) 020 14(269) 111(414) 0.52(0.3-1.0) 0.05
Urinary symptoms 0 (0.0} 3(1.2) 0{0.0) 0.37 1(1.9) 2{0.8) 261(0.2-29.5) 042
Antiblotic usage* 3 (4.4)  10(4.0) 1.07(0.3-40) 092 2(3.8) 11(4.1) 0.78(0.2-2.9) 069
Investigations during
pregnancy
Syphilis positive 0 (0.0} 2 (0.8) 0{0.0) 0.46 0(0.0) 2(0.8) 0{0.0) 0,53

HIV positive 26 (38.2) 91(36.1)  109(06-19) 075 18(346) 99(365) 090(05L7) 075
Anemia® 38(559)  168(66.7) 0.65(0.3-1.3) 0.21 25(64.1) 181(80.4) 0.43(0.209) 0.02
Antibodies anti-GBS® 23 (71.9) 60(68.2) 119(05-29) 070 19(70.4) 64(68.8) 108(04-28) 089

GBS colonization NA NA NA 13(25) 55 (20.5) 1.29 (0.6-2.6) 047
E. coli colonization 13 (19.1) 39 [15.5) 1.29(0.6-2.6)  0.52 A NA MA
Outcome
Gestational age at birth
Term newborn 62 (91.2) 228 (90.5) 1.00 ogs 61885)  244(910) 1.00 0,56
Pre term newborn & (8.8) 24 (9.5) 0.92 (0.4-2.3) 6(11.5) 24 (9.0) 1.33 (0.5-3.4)
Stillbirth 1{1.4) 4 (1.5} 0.86 (0.1-7.9) 0.89 0{0.0) 5(2.4) 0{0.0) 0.28
Low birth weight
4 (5.9 27 (10,7 0.52 [0.2-1.5 0.24 T113.5 24(9.0 1.58 [0.6-3.9 0.31
(<25008) (5.9 (10.7) [ ) (13.5) (5.0) [ )
Infant hospitalized in the
first 90 days after birth™ 2(34) & (3.0) 1.15(0.2-59) 085 3(6.1) 5(2.4) 2.7(0.6-119) 017
Death after birth™ 1 (1.4) 6 [2.4] 0.57 (0.1-4.8)  0.60 0{0.0) 713.3) 0{0.0) 0.19

TGestational age is presented as mean and SD. *P-value was derived from ChiZ test for categorical variables and t-test for quantitative
variables*Data available for 260 women. ‘Antibiotic usage two weeks before sample collection. Data avallable for 259 women. "Data available
for 264 women. *Antibodbes results available for 120 women recruited at delivery: ™data for 262 newborns 90 days after birth.
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Table 3. Multivariate analysis of socio-demographic and clinical variables of
women colonized by GBS.

Age in years
<1 21(30.9) 1.00
12 to 29 24 (35.3) 1.26 0.65 2.56 0.69
230 23 (33.8) 1.46 0.74 2.89
Gestational age at recruitment
(mean £50) 37.3(x2.2) 0.98 0.81 119 082
Place of recruitment
Antenatal clinics 200 (62.5) 1.00
Delivery ward 120(37.5) 1.85 0.84 4.08 0.125

AP.value was derived from likelihood ratio test.

Table 4. Multivariate analysis of socio-demographic and clinical variables of
women colonized by E coli.

Age in years
<21 1B(34.5) 1.00
221029  1B(34.5) 0.99 0.47 2.06 0.97
230 16(30.8) 1.14 053 247
Gestational age at recruitment
(mean £50)  37.3 (£0.3) 0.88 0.71 1.10 0.27
Seconday or tertiary education
Negative 40 (76.9) 1.00 026
Positive 12 (23.1) 1.58 0.71 3.49
Place of recruitment
Antenatal clinle 25 (48.1) 1.00 015
At delivery 27 (51.9) 212 077 5.84
Vaginal discharge
Mo 38(73.1) 1.00
Yes  14(26.9) 0.83 0.36 195 0.67
Anemia
No 14 (26.9) 1.00
yes  25(48.1) 0.49 023 105 018
Unknown 13 (25.0) 0.77 031 191

"Povalue was derived from likelihood ratio test,
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Antimicrobial susceptibility and serotyping

One hundred and one specimens were found to be positive for GBS (48
vaginal and 53 vagino-rectal). All GBS isolates were fully sensitive to penicillin,
ampicillin and ceftriaxone. Thirty-four (32.7%) isolates were resistant to
erythromycin and 20 (19.2%) isolates to clindamycin. Seven isolates showed
erythromycin-induced resistance to clindamycin. All the E. coli isolates
were screened for susceptibility to 18 antimicrobial agents. Susceptibility
to all antimicrobial agents tested was seen in 14 isolates (22.6%). E. coli
was resistant to ampicillin in 21 (38.9%) cases, ceftriaxone in 2 (3.2%)
cases, amoxicillin/clavulanate acid in 12 cases (19.4%), ciprofloxacin in 4
cases (6.5%) and co-trimoxazole in 38 cases (61.3%). Figure 3 summarizes
the distribution of antimicrobial resistance (classifying isolates showing
intermediate levels of susceptibility as resistant). Details of the resistance
profiles of GBS and E. coli isolates are shown in Supplementary material
table S1.

The serotype distribution of the GBS isolates is presented in Fig 4 and Fig
S1 in the Supplementary material. The most prevalent serotypes were V
(32.4%), 1a (14.7%), lll and 1b (10.3% and 8.8%, respectively). Sixteen isolates
(23.5%) were non-typeable. Twenty-six women had the same serotype
detected both in the vaginal and vagino-rectal swabs, while in seven cases
infections were serotype-discordant.

Figure 3. Distribution of antimicrobial resistance among GBS and E coli isolates
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PEN, penicillin; AMPE ampicilling CTX, ceftriaxone; ERY: erythromycin; CD,
clindamycin; TET, tetracycline; VA, vancomycin; MNAL, nalidixic acid, AMC,
amoxicillin/chvulnic acid; CXM, cefuroxime,; FOX, cefoxitine; CAZ, ceftazidime;
AZT, aztreonam; TZF piperacillin/tazobactam; ETP ertapenem; IPM, imipenem;
MEM, meropenem; CIF ciprofloxacing GEN, gentamicin; SXT, trimethoprim/
sulfamethoxazole; TOR, tobramycin
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Figure 4. Serotype distribution of vaginal and recto-vaginal GES isolates of 64
study participants (taking the serotype of recto-vaginal as reference in case of
discordance (n (%))
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Neonatal outcomes

Three hundred and twenty neonatal outcomes from 316 pregnant women
wererecorded (98.8%). The delivery outcomes of four women in the ANC
group were not registered at MDH. Neonatal outcomes included four pair
of twins, 290 term babies, 25 preterm and 5 cases of stillbirths. Figure 1
illustrates neonatal outcomes and follow-up in detail. Characteristics of
neonates born of mothers participating in the study may be found in table
1 and 2. Thirty-two neonates born of 36 (88.9%) GBS carriers recruited at
ANC were born at MDH, and 4 outside of the health system. Due to lack
of qualified clinical staff, work saturation and advanced stage of labor, IAP
strategy as recommended by CDC* was feasible only in two known GBS
carriers at time of delivery, we administered a single dose of penicillin
to 22 neonates in the first hour after birth. Two hundred and sixty-two
infants (81.9%) were followed-up until 90 days of age and 8/262 (3.1%)
were admitted in the hospital during this period. Seven infants died among
those followed-up until 3 months after birth (2.7%), being five of them
HIV-exposed (one clinical sepsis, one perinatal asphyxia and 3 unknown
causes). A significantly higher risk for death among those neonates born of
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mothers recruited at ANC compared to those recruited at delivery (3.6%
vs. 1.7%, p<0.001) was found.

Acceptability of vaginal and vagino-rectal sampling

Fifteen study participant women and five non-study pregnant women were
recruited for the social component. Acceptability of collecting vaginal and
vagino-rectal samples was 100%. Facilitators for acceptance included: a)
Willingness to know whether they had a reproductive tract infection; b)
Being interested in understanding the objectives of collecting vaginal and
vagino-rectal samples; and c) Willingness to be treated and accompanied to
the hospital in case of reproductive tract infection and avoiding transmitting
them to their offsprings. Only a few women felt uncomfortable with
sample collection, referring to feeling of burning and/or pain. Although all
participants of the social component accepted sample collection, possible
barriers for acceptance of future vagino-rectal sample collection were
explored and these included: a) fear in relation to the first time being
submitted to this procedure; b) worries regarding being seen at the hospital
(stigma); c) lack of privacy at the ANC at time of sample collection.

DISCUSSION
To our knowledge, this is the first study presenting data on GBS maternal
colonization, antibodies against GBS and characterization of isolates in a
rural area of Mozambique and the first time concomitantly examining E.
coli colonization in pregnant women in the country. Maternal rate of GBS
colonization found in this study, 21.3%, was as high as previous work in
other countries in Sub-Saharan Africa reported*’. However, two previous
studies performed in the capital of Mozambique, Maputo, reported an
extremely low prevalence of GBS colonization among pregnant women
of 1% in 1995 and 1.8% in 2008. Smaller sample sizes, different study
population, and very likely laboratory and microbiology procedures utilized
for GBS detection, may all contribute to explain the significant increase in
terms of overall prevalence found in our study. Our findings are in close
agreement with a systematic review on GBS disease in sub-Saharan Africa®,
which included 18 studies reporting data on maternal GBS colonization,
finding an average GBS carriage of 21.8% (95% Cl: 18.3 - 25.5) among
pregnant women across the region. These results are also similar to
general prevalence data from other regions, including the United States’
and Europe®, or from other neighboring countries in Sub-Saharan Africa
such as South Africa (with similar prevalence of HIV*** *, Zimbabwe™ or
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Malawi*’, supporting the credibility of these data. The yield of vagino-rectal
sampling was better for GBS colonization than using only vaginal samples
as previously reported** and recommended®.

No risk factors independently associated with higher prevalence of GBS
colonization were found in this study. We adjusted the multivariate
analysis by gestational age as previous studies examining the influence of
advancing gestation on GBS colonization have observed that colonization
rates appear to change overtime during pregnancy* ***. However, no
associations between gestational age and colonization risk by GBS were
found. Colonization prevalence was similar among age groups, in contrast
to what has been described by some studies***”* but in concordance to
a recent multicenter study performed in African settings”, reinforcing
the idea that colonization rates are quite stable across a wide variety
of African settings. We did not find higher education to be a risk factor
for GBS colonization as other studies have reported®, a finding possibly
influenced by the homogeneity of lower education backgrounds in our
setting. Importantly, this study further contributes to expose the fact that
current understanding on maternal risk factors for colonization is incomplete.
No increased risk of GBS colonization among HIV-infected women was found
in this study, a finding supported by other studies in USA and Zimbabwe™
. However, a South African study reported that maternal GBS carriage
was lower in HIV-positive women and among those with lower CD4 counts
in Malawi*®*. This fact could be related to the fact that GBS carriage is
inversely associated with the use of prophylactic co-trimoxazole among
HIV-infected women. Information about co-trimoxazole use in this study
was not recorded but due to high prevalence of HIV in our cohort it is likely
that a high proportion of participants were routinely taking co-trimoxazole.
Although HIV appears not to be a risk factor for maternal colonization
during pregnancy, a recent South African study found that incidence of
GBS neonatal disease may be up to 64% higher among HIV-exposed infants
compared with non-HIV exposed ones*. As of today, no data are available
regarding incidence of neonatal GBS invasive disease and HIV co-infection
in Mozambique. However, studies conducted in South Africa®*, with a
similar HIV prevalence to the one reported in southern Mozambique?®,
found an incidence of GBS invasive disease among infants higher than
that reported in other resource-constrained settings***. Hence, it would
appear reasonable to expect a high incidence of GBS invasive disease in this
particularly HIV-struck study area. However, a low incidence of GBS invasive
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cases in neonates born to GBS infected women was found in this study.
Reasons for this low incidence could be the high prevalence of antibodies
against GBS found in the studied cohort (69.2%). Maternal antibody levels
have been associated with protection against invasive GBS disease in high"
and lower-middle income settings* and it has been documented that GBS
placental transfer appears not to be affected by HIV infection®. It is difficult
to correlate our GBS AB results with what is known regarding GBS maternal
colonization and infant disease. The highest proportion of women with
anti-GBS AB was against serotype Ib, la and V, consistent with predominant
serotypes among carriers in our cohort. Although we did not examine
antibody correlation between mothers and newborns, the higher prevalence
of antibodies in our cohort could also potentially explain this low incidence of
GBS invasive disease among our neonate cohort. In addition, prevalence of
carriers of serotype Ill in this population, the known serotype causing more
infant invasive disease®, was lower than reported in other African studies®,
which would be also consistent with a lower incidence among infants. Another
reason could be the attempt to implement IAP strategy to those colonized
GBS mothers delivering at MDH. None of the neonates who received a single
dose of penicillin after birth developed symptoms of sepsis. Understanding
that this strategy is not generally recommended on account of the risks
of enhancing antimicrobial resistance, and in spite of the small sample, it
could be argued that for settings were access to health is problematic, but
where GBS maternal carriage can be confirmed, such a strategy could prove
effective in decreasing neonatal early morbidity by blocking the infection’s
transmissibility at a moment where the baby is still under the surveillance of
the health system. The only GBS case in our study was a newborn developing
symptoms in the first 24 hours, born to a mother recruited at delivery with
negative GBS screening. This mother was HIV positive and likely was taking
co-trimoxazole as prophylaxis of opportunistic infections, suggesting an
intrauterine infection with a subsequent negativization.

On the other hand, the prevalence of E. coli found in this study was lower
than reported from other authors in different African settings®*’ but
comparable with the prevalence reported by Karou in Togo™. No risk
factors were found to be independently associated with a higher risk of E.
colivaginal carriage among pregnant women. Some studies have reported
specific risks factors for E. coli colonization, including sexual practices such
as anal intercourse during pregnancy> or being a sexual worker”. Such
factors were however not explored in our study.
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Importantly, GBS continues to be susceptible to penicillin, ampicillin, and
ceftriaxone in this setting. Previous studies in Ethiopia®*** and South Africa(**
*1) also reported full susceptibility of GBS strains to penicillin. Rarer cases
of decreased susceptibility to penicillin have been reported in Japan and
the United States(*). A study in Zimbabwe found almost 100 % of isolates
sensitive to penicillin, with 2% showing intermediate susceptibility to
penicillin. Resistance to erythromycin resistance among invasive GBS
isolates in Europe ranges from 3.8% to 21.2%(*) and from 7% to 25% in the
USA and Canada(*). High levels of resistance to erythromycin (~33%) were
found in this study which could be related to its use in sexual transmission
infections and other common diseases and mass drug administration
(MDA) of azithromycin for trachoma control in sub-Saharan Africa, since
development of macrolide-resistant pathogens after more than one round
of mass treatment has already reported(***’). Erythromycin resistance is
frequently associated with clindamycin resistance(*’). The emergence of
non-susceptible GBS strains has important public health implications. GBS
is still susceptible to penicillin and ampicillin which are the antibiotics of
choice. Erythromycin and clindamycin are the drugs of choice for penicillin-
hypersensitive patients and resistance to these antibiotics is emerging.

As other studies have reported®, serotypes la, Ib, II, Ill and V were
predominant. However, the most frequent serotype (V) found in this
study differs from those found in the majority of studies conducted in
other countries, revealing the need to identify prevalent serotypes in each
region, as a prerequisite of establishing the potential coverage, impact and
implementation requirements of future anti GBS vaccination strategies.

Characterization of E. coliisolates from this study has been described by Saez
et al(*®). E. coli isolates showed significant resistance to co-trimoxazole, as a
previous study on diarrhoeagenic E. coli(*) conducted in Manhica already
described. Reasons for such high co-trimoxazole resistance levels may
include its extensive use as treatment of community-acquired infections,
or as prophylaxis of HIV-related opportunistic infections(*).

This study has several limitations. Only women attending the MDH (and
no other maternities) were included, and recruitment was not conducted
after working hours, these being potential sources of selection bias and
limiting the generalization of our results to the entire district. The first two
women fulfilling inclusion criteria every day were invited to participate in
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the study, leading to only 200 women being recruited at ANC, and 120
additional ones upon delivery, an estimated 10% of all deliveries per year
attended at MDH. Pregnant women are less likely to attend ANC at the end
of their pregnancies, and some women who attend antenatal care in other
maternities do actually choose MDH to deliver. Altogether this justifies our
sampling strategy, but it is important to highlight that this convenience
sample may not be truly representative of the entire pregnancy cohort in
the area. We did not collect information about population not sampled and
we were unable to compare it with our population in order to assess such
potential selection bias. However, the maternity at MDH is the biggest one
in the study area and women seen there come from different places of the
district and a sample of women attended at delivery was also recruited,
minimizing bias. Other studies have reported association of other sexually
transmitted infections such as gonorrhea or bacterial vaginosis* or socio-
economic status* with GBS colonization in pregnant women, but we did
not measure these variables. However, an attempt was made to explore
the majority of potential risk factors described by other authors. Finally,
and albeit this not being an objective of the study, it was impossible to
assess the risk of GBS and E. coli transmission in this cohort, due the lack
of denominator.

CONCLUSION

This study shows GBS and E. coli carriage among near term pregnant women
is high in southern Mozambique. HIV infection was not a risk factor for GBS
or E. coli colonization. Presence of anti-GBS antibodies, administration of
single dose of penicillin to neonates born to colonized mothers or use of
prophylactic co-trimoxazole among HIV-infected pregnant women could
be reasons explaining the low incidence of GBS invasive disease among
our cohort of newborns.

Screening mothers near term and providing appropriate antimicrobial
prophylaxis could prevent potential adverse neonatal outcomes.
Unfortunately, the fragility of the health system in LIC hinders the applicability
of such approaches, and calls for innovative ideas to tackle these vertically
transmitted infections. Serotype V was the most prevalent in our community
and four serotypes cause the majority of cases of GBS colonization. The
development and implementation of a conjugate vaccine incorporating the
most commonly found serotypes globally, could enhance the transfer of
maternal antibodies to the baby and protect their health in those critical
first moments for survival.
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SUPPLEMENTARY MATERIAL

Table §1. Resistance profile of group B streptococcal and Escherichia coli isolates.

Antimicrobial agents GBS isolates, N=104 E.coli isolates, N=62
Recto-vaginal, Vaginal, n[%), Vaginal, n(%), Urine, n{%),
n(%), N=54 N=50 N=52 N=10
Penicillin
Full resistant 0 [0} 0{0) A WA
intermediate resistant 0{0) o{0) T Na
Ampicillin
Full resistant 0{0) 01{0) 17(32.7) 4 (40.0)
Intermediate resistant o) o) o oo
Ceftriaxone
Full resistant 00} 01{0) 0{0) 00
Interrmediate resistant o o(a) 1(1.9) 1{20.0)
Chloramphenical
Full resistant 1{1.9) 01{0) 2(39) 00
Intermediate resistant 3(5.5) 4{g.0) 0 oo
Erythromyein
Full resistant 14 (25.9) 104 20.0) A Ma
Intermediate resistant 4(7.4) 6112.00 A NA
Clindamycin
Full resistant 10{18.5) 7 (14.0) T Ma
Intermediate resistant 1{1.9) 2(4.0) A NA
Tetracycline
Full resistant HA HA 15 (28.9) 2(20.0)
Intermediate resistant NA HA 0.50 216
Vancomycine
Full resistant 0 {0) 0{0) [T NA
Intermediate resistant 2{(3.7) oo NA MA
Malidixic acid
Full resistant M4 HA 3(5.8) 3(30.0)
Intermediate resistant HA HA 1(1.9) 0(0.0)
Amoxicillin/davulanic acid
Full resistant HA MA 11(21.2) 1{10.0)
Intermediate resistant HA HA 0(0) 00
Cefuronime
Full resistant HA HA 1(1.9) 1{10.0)
Imtermediate resistant HA HA 0.50 2.16
Cefoxitine
Full resistant HA HA 0 (0 0(0]
Intermediate resistant HA NA 3(5.8) 1{10.0)
Ceftazidime
Full resistant HA HA o(a) o0
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Intermediate resistant NA MA O [y ooy
Aztreonarm
Full resistant NA A 1(1.9) 1{10.0)
Intermediate resistant N& MA 0.50 2.16
Piperacillin-Tarohactarmn
Full resistant A HA o [0) o)
Intermediate resistant NA& NA 0 (o) 0o
Ertapenem
Full resistant NA MA O [y oo
Intermediate resistant N& NA 0 () oo
Imipenem
Full registant NA MA 0 (o) 00
Intermediate resistant NA NA i X 1v]] ooy
Meropenerm
Full resistant A A o (o) o)
Intermediate resistant NA HA 4(7.7) 00
Ciprofloxacine
Full resistant A HA 1(1.9) 2 (2000
Intermediate resistant A A 1(1.9) o)
Gentamicine
Full resistant NA MA 1(3.9) 0 [0y
Interrediate resistant NA MA 0 [0} 0 [0y
Trimethoprim/ sulfamethoxazole
Full resistant WA HA 34 [65.4) 4 (40,00
Intermediate resistant NA MA 0.50 2.16
Trobramicin
Full resistant NA& NA 1(1.9) 0o
Interrmediate resistant A A 0 (0} 0o

NA: not applicable

Fig 51. Serotype distribution of vaginal and vagino-rectal GBS isolates

e
L

A JSerotype distribution of vagino-rectal isolates (53samples). B] Serotype distribution of vaginal isolates
(48 samples).
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ABSTRACT

Introduction: Congenital and perinatal infections are a leading cause of neonatal and infant morbidity
and momality. Maternal screening, vaccnes or treatment where avadlable, constitute effective preven-
tion strategies 1o reduce the burden of these diseases. Data on the burden of congenital and perinatal
infections are very limited for low and middle-income regions.

Areas covered: This review aims to summarize the burden of congenital and perinatal infections and
the main challenges for their control in resource-limited settings. Articles were identified through the
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main electronic databases and cover the period 1971-2016.

Expert commentary: Estimates from low and middle-income countries indicate that the burden of
congenital infections may be higher in these regions than in industrialized countries. As preventive and
curative strategies are available to tackle some of these infections, efforts at the international and
national keweli mast be made to implement those and thus reduce their burden in resource-limited

countries,

1. Background

Fetal, petinatal, and childhood morbidity and mortality are
significantly influenced by Infections acquired in wero or In
the immediate postnatal period. These infections may be mild
of subclinical for the mother, but il they are vertically trans-
mitted can result in devastating consequences for the new-
bom [1,2). Transmission of the pathogens may oocur
prenatally (through transplacental passage of organisms), peri-
natally (direct contact with blood and maternal secretions of
by ascending route from the birth channel), and postnatally
{from exposure to infected breast milk while breast-feeding)
[2]. Infections acquired in utere are categorized under ‘conge-
nital® infections, whereas those acquired around the time of
delivery and the immediate postpartum period are called
‘perinatal” infections [1].

Congenital and perinatal infections are well-described causes
of perinatal morbidity and stillbirths. The acronym TORCH' was
introduced by Mahmias in 1971 to underline a group of pathogens
that cause congenital and perinatal infections: Toopkaumg gondi
(T, gondil, Rubelly ving, Cytomegalovirus (CMV), and Herpes
simplex virus (HSV) [3]. The diagnostic probilems encountered in
the evaluation of a suspected perinatal infection and the complex-
ities of the evaluation process for the orginal four TORCH agents
made it necessary to expand the original TORCH complex and
include new agents [41L Currently, TORCH stands for the following:
T. gondii, Other: syphilis, hepatitis B vinus (HBV), hepatitis C vins
{HCW), varicella zoster virus [VEZV), human immunodeficiency vins
{HIV], parvovines B19 {B19V), enterovineses, lymphooytic choriome-
ningitic virus, tuberculosis, listeniosis, and other less recognized
pathogens such as Chiamydie trachomatis and  Uneaplesma

wrealyticurr; Rubella virus; CMV: and HSV [2,5,5). A further expan-
sion of this acromym, CHEAFTORCHES, was proposed by Ford-
Jones and Kellner in 1995 but it is not widely used [7]. It includes
€ - Chickenpeo: and shingles: H - Hepatitis 8, C, 0) E E -
Enterovirus; A = AIDS (HV infectiony P = BI9V; T =
Toxoplasmosis; 0 - Other [Group B Streptococous, Listeria,
Candida, Lyme disease]; R - Rubella; € - CMV: H - Herpes smplex;
E - Everything else sexually wransmitted (gonorrhea, chlamydia
infection, U, ureafyticumn, human papillomavinus); 5 - Syphilis.
Although there are no specific estimates regarding the
global burden of congenital and perinatal infections and
thelr impact on disability andfor neonatal cause-of-death,
they may contribute to death due to prematurity and low
birth weight (35.7% of neonatal cause-of-death [3]), necnatal
infections, and congenital abnarmalities (15.6% and 10.5%,
respectively) [El. A study conducted in the United Kingdom
over a 21-year period demonstrated that viruses contributed
to 4.2% of stillbiths and 13.2 of infant deaths, confiming
parvavirus and CMV, vertically ransmitted, as the commanest
viruges associated 1o stillbirth and neonatal deaths (9],
Producing global estimates of the attributable stillbirth,
neonatal births or disability due to congenital infections in
low-income countries appears challenging, primarily because
of the scarcity of prevalence or risk data, In those settings, it
would seem reasonable to assume a higher burden of con-
genital infections, partly may be assumed becauwse of the
higher underlying prevalence of HIV (frequently assoclated to
CMY [10], H5Y [11], and hepatitis B [12] vertical transmission),
bt alse in relation to the challenges in the implementation of
effective vaccines, such as for instance the anti-rubella vaccine.

COMTACT Lola Madrid (S lola madridisglobalorg (G Centro de Inveitigacho em Saide de Manhica [CSM), Rua 12, Cambeve, Vila de Manhiga, CP1329 Maputa,
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The presence of infections that may not be endemic in more
industrialized parts of the word may also play a role. For
instance, in sub-Saharan Africa, malaria is estimated to cause
~208 of stillbirths {global estimate B.2%) and HIV could
account for about 0.7% in this region, Similady, matemal
syphilis may be responsible for 7.7% of stillbirths worldwide
and 112% in sub-Saharan Africa [13). 5o a first step to prevent
these fetal deaths should be to improve prevention and treat-
ment of malaria, syphilis, and HIV,

Some experts consider the acronym TORCH cutdated (5L
largely due to the growing number of infections listed under
the ‘other’ category. However, the use of this acronym
reminds clinicians that several infectious agents can produce
similar and potentially devastating effects on the fetus and the
nenvous system in development.

The manifestations of congenital infections depend on several
independent factors such as the effect of the pathegen on orga-
nogenesis, the timing of infection with respect to gestational age,
the presence or absence of maternal immunity, the immaturity of
the fetal immune response, and the mode of acquisition and koad
of the infection [14. While each of the congenital and perinatal
infections can cause distinet dlinical manifestations and sequekse,
some of these infections share characteristics (Table 1)

For many of these pathogens, prenatal screening is available
and treating the Infected pregnant women appears as an effec-
tive measune 1o prevent vertical transmission 1o their offspring,
Early recognition of congenital disease in newborns is key and
treatment andfor prevention strategies are intemationally
recognized and available, although not necessarily implemen-
ted in low- and middle-income countries [LMIC) (Table 2).

This review aims 1o summarize the bunden of congenital
and perinatal infections and the main challenges for their
control in resource-limited settings, It includes congenital
infections that are present at the time of delivery as well as
perinatally acquired ones transmitted during or immediately
after delivery. Although HIV can also be vertically transmitted,
we will only describe it briefly, focused in the context of its
impact on the contrel of other pathogen's transmission, since,
due to its burden and impact. congenital HIV deserves a
separated review, Assuming a higher burden of congenital
infections in LMIC, we aim to highlight key aspects of their
epidemiology, diagnosis, management, and prevention in
resource-limited countries.

We have included data on incidence for those infections
when available, but this review has not been designed 1o

Table 1. Commonalitics among vertically transmitted infections,

Canrse of
Tranareisiion indection Maneinal dizase
Placental via Wirus Pauckymplomuatic
Direct contact during Bacterla  Asymtomatic
deliveny Parasite  Sympeomatic in immunoosmpramised
WOMER

estimate absolute risk, since data have not been abstracted
in & systematic manner.

2. Search methodology

Articles were identified through electronic searches of
PubMed, Health InterMetwork Access to Research Initiative,
and The Cochrane Library without any language or date
restrictions, covering a period of 45 years [from 1971 to
2016). PubMed was searched through the use of a broad
sensitive filter using the following combination of search
terms: ‘congenital,’ ‘infection,” ‘developing” and “countries,
Tow-income’ and ‘countries,” and ‘lower-middle income” and
‘countries’ yielding 353 results, while the same search found
out 20,789 results when the terms “developing’ and ‘coun-
tries,” ‘lower-middle-income’ and ‘countries,’ and  low-
income’ and ‘countries’ were dropped. Limits were applied
to exclude studies on animals, The references of the
retrieved papers were further hand-searched for additional
studies, Unpublished andior gray  literature  was not
reviewed. Diseases of interest for this article were restricted
to congenital infections belonging to the TORCH complex
Searching specific congenital infections, "congenital’ and
‘toxoplasmaosis’ were used as search terms for congenital
toxoplasmasis (CT), yielding 3466 articles; ‘congenital’ and
‘rubella” 3217 results; ‘congenital,’ ‘cytomegalovinus,” and
‘infection’ provided 2917 results; and ‘congenital” ‘herpes
simplex” and ‘infection,” 637. Search of others congenital
infections as syphilis was performed using search terms
‘congenital’ and ‘syphilis” vielding 3346 results; varicella
congenital infection using ‘congenital,’ 'varicella’ and "syn-
drome, yielding 194 articles; ‘congenital’ and ‘hepatitis b
455 results; ‘congenital’ parvovirus B19° yielding 211; and
other infectiens vertically transmitted (Hepatitis . Zika virus
[ZIKV], Dengue, and Chagas) yielded 1100 articles. Qur out-
comes of interest were related to the epidemiclogy and
challenges in diagnosis and treatment of congenital infec-
tions, focusing on lower middle and low-income countries
rather than more industrialized ones. We used the concept
‘resource-constrained environment’ defined as the setting in
which production activities cannot excesd the wvolume of
available resources. These constraints may be of a physical
or technical nature [53). A total of 170 articles were finally
included in this review (Figure 1).

Fetad and/for infant manifestations Dlagreii

Depending on the timing of the infection: Serology

<3 weeks of GA: more sewere [liness presentation  Molecular blology
and may caute mukiple malamagians nech

nigues
Cell or pathecsgen cultuse
Later times of pregeancy, prematurity, IUGH, or CHSD
Perinatally; sepals, pneumanitis,
jaundice, hepatoapl by, th
ete. [2-46]

L ¥

GA: Gettational age; WGR: intrauterine growth restriction; CHSD: central nervous system disorders.
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Figure 1. Flow cham diagram Tor artiches selection process.

3. Burden of congenital and perinatal infections in
lower middle and low-income countries

3.1. Congenital toxoplasmosis

Toxoplemosis infection is ussally asymptomatic in humans;
haowwever, fetal infection can result in severe disease causing
CT. The global estimated incidence of CT is 190,100 annual
cases (95% Cl: 179,300-206,300), approximately 1.5 cases of CT
per 1000 live births [54). Seroprevalence for toxoplasma amang
pregnant women varkes among countries, The highest preva-
lence is noted In reglons with tropical climates, where the
oxoplasma oecysts con survive in soll, as well as countries
with dietary customs of raw of ungrocessed meat [5). Circa
50-80% of women of childbearing age in Brazil have antibodies
o T. gondli [55], 44% in France [56], or 9.1% in the USA [57].
Regarding the annual incidence, the global burden of CT
was estimated to be 96 disability-adjusted life years (DALYs)
(95% CI: 5.8-15) per 1000 live births [54]. Howewver, there ane
important differences among regions, peaking at 19 DALYs
(95% CI: 13-22) per 1000 live births, in South America, 17
DALY (95% CI: 8.5-26) in Eastern Mediterranean region, and
15 DALYS (35% CL 8.3-24) in some low-income African coun-
tries compared with only 28 DALYS (95% CL 1.3-4.3) per 1000
liver birthes in some European countries [54], Although evidence
suggests seroprevalence is decreasing in high-income coun-
tries [54), regions, where a rapid process of industrialization is
occurning and where meat consumption is growing. could
witness an increase of the risk of exposure to T. gondi.
South America is suffering the highest burden of CT. Both
incidence and frequency of sequeloe secondary 1o CT are
higher in this region (53] Three genotypes of T. gondii have
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been isolated, Genotype 2 is predominant in Europe while
non-lype-2 genotypes, which are common in America, appear
to assaciate more frequent and more severe sequelae [54]

3.2. Congenital rubella syndrome

Rubella remains an important pathogen worldwide, with
roughly 100,000 cases of congenital rubella syndrome [CRS)
estimated to ocour every year [18). The highest risk of CRS is
found in countries with high rates of susceptibility to rubella
among women of childbearing age [59,60). The incidence of
CRS in developing countries was reported as 0.6-2.2 per 1000
live births which is not far from the rates reported in Westermn
countries in the pre-vaccine era [60]. Since the introduction of
the vaccine, congenital rubella cases reported have decreased
drastically, Nevertheless, estimates suggest that the burden of
CRS in regions that have not yet introduced rubella-containing
vaccine could be very high, although CRS are substantially
underreported [G1). The number of member states reporting
CRS cases increased from 75 in 2000 to 129 in 2002 [E1]. In
2012, substantially more cases were reported in Europe
{30,536 cases) and Westermn Pacific region [44.275 cases) than
in other regions (19.219 cases) [61].

3.3. Congenital CMV infection

Congenital CMV Infection Is the most prevalent congenltal
Infection worldwide, although it remains a neglected public
health problem, Although the global prevalence of congenital
CMV infection has been reported to vary from approximately
0.2% 1o 2% (mean 0.65%]) [62,63] most of these studies have
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been conducted In high-Income reglons of Europe, the USA, or
Japan. Data from low-Income countrles vary substantially, with
some reported prevalence as high as 6=-14% [10,64,65)], Higher
overall rates are found in countries with higher maternal CMV
seroprevalence [6263,68]. Those rates lead in seropositive
hosts 1o an increased chance of reactivation or reinfection,
Furthermaore, seronegative hosts within the general popula-
tion are at greater risk for primary infection,

Most congendtal CMV cases in developing countrles result
from women with preexisting antibodles, a transmission
mechanism more poorly understood as a cause of congeni-
tal CMV disease. Emerging data from populations with very
high seroprevalence, usually from LMIC countries, suggest
that prevalence and incidence of congenital CMV infection is
higher than in developed cowntries. Consequently, congeni-
tal CMY infection could be an important cause of hearing
loss [on the assoclated consequences of this infecton) in
resgurce-limited semings [67,68). Studies that accurately esti-
mate dizsability, mortality burden, and how it may be
affected by other prevalent conditions such as HIV infection,
malnutrition, or malaria in resource-constrained settings are
scarce, Children bom to mothers coinfected with HIV type 1
present higher prevalence of congenital CMV infection than
those born to HIV-negative mothers, incréasing from 2.3% to
10.3% [69-73). Studies in industrialized countries support an
increased risk for congenital CMV infection in neonates bom
2 HV/CMY coinfected mothers [69,70] and CMVY may act as
a cofactor for HIV disease progression in HIV/CMY coinfected
newborns [74) In addition, among HiV-infected children
there is an impairment of the immunological response to
CMV infection with a delay in the clearance of CMV viremia
and high CMV peak loads. Apparently, the relationship
between HIV and CMV is bidirectional [75). In sub-5aharan
Africa, the burden of HIV-1 in women of reproductive age is
alarming, reaching 40% in some regions [76] and mother-to-
child transmission (MTCT) risks may range from 25.8% (no
antenatal antiretroviral drugsh to 10.9% (Options BB+ [77),
However, the prevalence of CMY infection has decreased
over time among neonates exposed but not infected with
HIW-1. This prevalence has reached levels similar to those
ochserved in the general population, following the introduc-
tion and increasing wse of highly active antiretroviral ther-
apy (HAART) for prevention of MTCT of HIV [70,78].

Unfortunately, maternal and birth CMV prevalence and
long-term follow-up data for congenitally infected children
for many parts of the world are scarce, likely underestimating
the global impact of congenital CMV infection.

3.4, Neonatal herpes

Meonatal henpes is usually the result of HSV-2 infection, which is
the primary type of HSV amsociated with genital infection,
although recent studies indicate that H5V-1 may also play a
major role in causation [79]. H5V-2 is a major global health
concem, with a number of negative health impacts. The overall
prevalence of HSW-2 remains high wordwide although varies by
country [80), Following primary infection, both types of herpes
establish lifelong latent infections, which periodically reactivate
and may be associated with recurrent episodes of disease,

Approimately 20% of pregnant wonven are infected genitally
with HSV-2, and most of them are unaware of this [B1]. It is
estimated that one neonate in 3200 live births has HSV-2 infiec-
ticn [B2], and without treatment, 80% of infants with dissemi-
nated disease die and those who do sundve are often severely
brain damaged [31,63]. In addition to being the main cause of
genital ulcer disease, HSV-2 ks a major cofactor fuelling the HIV
epidemic, malnly in sub-5aharan Africa, and may account for
40-60% of new HIV infections in high HSV-2 prevalence popula-
tions [B4]. Sercepiderniological studies of HSV-2 show that pre-
valence of HSV-2 i at least twofold higher in sub-Saharan Africa
[40% of Tanzanian wormen infected with HSV-2 [35]) than in the
USA or Europe [85,87). As a result, MTCT of both pathogens can
be significantly increased [86,6%9], being a preventable cause of
neonatal morbidity and mortality.

3.5. Congenital syphilis

Congenital syphilis (C5) ocours after infection of the placenta in
pregnant women who have a primary or secondary syphilis
infection. In 2008, the WHO estimated that, wordwide, approod-
mately 1.4 million pregnant women had ‘probable active syphilis’
or syphilis infections sufficlently active to result in MTCT [50],
Several models have been proposed to estimate a prevalence of
75% (range: 50-80%) [91] of adverse pregrancy cutcomies in
untreated matemal syphilis, Such maternal infections would
cause globally an estimated 521,000-1,575,000 new C5 cases,
and approximately 521,000 adverse perinatal outcomes, charac-
terized as 212,000 stillbirths, 92,000 neonatal deaths, 65,000
preterm or low birth weight infants, and 152,000 syphilis-infected
newboms [36,91-93). The proportion of pregnant women glob-
ally receiing adequate testing and treatment for syphilis is
currently unknown, WHO is monitaring syphilis testing and treat-
ment coverage through the HIV Universal Access reporting sys-
tern, bant quality data are not yet available frorm all countries [90],
Sixty-three of 149 LMIC reported on coverage of syphilis testing
during antenatal care [AMNC) In 2011, with a median of 68% of
women in the reporting countries being tested for syphilis at
their first ANC visit [94]. Seroprevalence during pregnancy is
genefally low in Europe (0U02%) and the United States (4.5%)
but may increase up 1o 18% in sub-Saharan Africa [34],

Cherall, estimates suggest that untreated maternal syphilis
may result in approximately 304,091 fetal or perinatal deaths
and 216,814 syphilis-infected infants at risk for eady death [90].
Regarding adwerse outcome by region, most of adverse outcomes
[E7%) would be in Africa and Asia. C5 also remains an important
cause of severe psychomotor disabdity and death in infants,
especially in resource poor settings. Case fatality rates of 15% in
Africa and 6.4% in the United States have been reported [94],

3.6. Congenital varicella syndrome

Maternal chickenpox in the first 20 weeks of pregnancy is
associated with an incidence of congenital wvaricella syn-
drome (CWS) of 091%, alkhough this incddence could
increase among pregnant wormen from tropical countries
where the seroprevalence in adulthood Is lower [95]. Few
congenital infections have been reported, possibly because
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maost women of childbearing age are immune in developed
countries amnd cases from developing countries remain
severely underreported. Mo data have been found related
to prevalence of CV5S In developing countries. It is known
that in temperate climes, this percentage is lower [96],
Several studies performed in the United Kingdom among
South Asian-migrant women and British women showed
lower seroprevalence of VIV in migrant women borm in
South Asia [95,97]. These women have a higher risk of VIV
infection during pregnancy if they migrate to settings with
higher prevalence of VIV and this infection could produce
CVS or perinatal chickenpox [97].

3.7. Hepatitis B infection

HBY is the most serious type of wiral hepatitis causing a
potentially life-threatening liver infection and eventually lead-
ing to chronic liver disease and lver cancer [98]. Perinatal HBV
infection occurs im ~1% of infants and is strongly associated
with hepatitis B e antigen (HBeAgl positivity among child-
bearing women [40). Babies born to HBeAg-positive mathers
have the highest risk of developing chronic HEV infection
(CHB) and becoming chronic HBY carriers [99]. Overall preva-
lence of HBeAg in childbearing women reaches to 20=50% in
some regions. HEV coinfection among HIV-positive pregnant
wimen is a recognized public health issue, increasing mortal-
ity and maorbidity in this population [100].

There are 387 milllion chronlc camrlers of HBV worldwide
[131]. A recent systematic review has shown that the preva-
lence of CHE worldwide i 3.61%, being the highest endemiciny
in countries of the African region (B83%) and Western Pacific
region (5.2696) [102], wherneas less than 1% of the population in
Western Europe and North America is chronically infected
[%£,101,102]. This prevalence has cleardy dedlined in many coun-
tries after the implementation of routine infant immunization
prosgrams and the achlevement of high coverage [103]
Howewver, despite improvemnents, CHE remains highly prevalent
in some countries in Africa (South Sudan, 22.38%), or In the
Pacific (Kirbatl 22.70% and Papua New Guinea 14.59%) [102],
Perinatal transmission occurs regionally in different magnitudes,
The risk of perinatal ransmission is lower in Africa than in Asia,
a disparity that could be due 1o a lower prevalence of HBeAg
and other differences in the pathogenic characteristics of cincu-
lating HEV genotypes [12). A study performed in Libya showed
HBsag positivity in 1.5% and maternal to child transmission in
50.5% of the cases [104] while in Ghana, with higher prevalence
[16%), the transmission to neonates cocurred only in B.4% [105]
Hewever, in HIV endemic settings, HBV prevalence and MTCT
may be increased. Perinatal HBV infection Is associated with a
90P% risk of CHEB as compared with a risk of less than 5% among
adults with intact immunity. CHB accounts for an estimated
21% of HBV-related deaths, ranging from 13% in the Eastemn
Mediterranean  region o 26% in the Westen Pacific
region [106].

3.8. Hepatitis C infection

It has been estimated that the global prevalence of hepatitis C
infection varies between 2% and 3% and that around 120-200
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million people live with chronic hepatitls C infection world-
wide [107]. The prevalence of that Infection varies consider-
ably by country and region, and the true burden of disease Is
not well established in many countries. The highest preva-
lence of HOV appears to be in sub-Saharan Africa (5.3%),
followed by the Eastern Mediterranean (4.6%), Western
Pacific (2.9%), and Southeastern Asia (2,15%) regions, Europe
and the United States have the lowest prevalence of HCY
(103% and 1.6%, respectively) [108). HIV coinfection acceler-
ates the progression of HCW and represents a major public
health challenge. Estimates of HOW prevalence among HIV-
Infected persons range from 5% to 33% [107]. A global sys-
tematic review of hepatitis © seroprevalence and HIV coinfec-
tign estimated a seroprevalence of 4% among pregnant
women [109] Presence of maternal HOV viremia is a critical
factar in MTCT of HOV, and matemal HIV coinfection i an
Important risk factor [110]. A recent meta-analysis estimated
the pooled risk of HOV vertical transmission from HOY anti-
by and HOW RMA-positive women who were HIV negative at
58% as opposed to a 10.8% risk of HOW vertical transmission
In children bormn to HIV-positive women. However, the rsk to
children bom 10 HOY  antibody-positive, EMA-negative
rmothers was negligible [110). The natural history and histo-
pathology of HOV-related liver disease in children are still
conflicting and variable but generally not as severe as in
adults [111],

3.9. Congenital B19V infection

B19V infection is common in childhood, with serologic evi-
dence of previous infection seen in about approximately 35-
53% of pregnant women, offering, in these cases, no risk to
the fetus. The incidence of B19Y infection in pregnancy has
been estimated at 3.3-3.8% [112]. No available data of con-
genital B19Y infection in developing countries have been
found as part of this review.

3.10. HIV infection

In 2014, 369 million people were lving with HIV. Although
globally, the incidence of HIV is decreasing, the total numbser
of people living with HIV continues 1o Increase, in large part
because more people globally are accessing antiretroviral
therapy and as a result are living longer, healthier lives. Mew
HIW infections have fallen by 35% since 2000 (by 58% among
«children) and AIDS-related deaths have fallen by 42% since the
peak in 2004 [113].

The reglon more affected is sub-5aharan Africa, where 14
million people were newly infected out of a total of 2 million
new HIV infections in 2014 globally, mainly HIV-1 infections,
However, the incidence in this region has decreased by 41%
since 2000, In Europe and the USA, the number of new infiec-
tions has remained fairly stable since 2000 and in regions as
Eastern Ewrope and central Asia and Middle East and MNorth
Afrlca, new Infectlons rose by 30% between 2000 and
2014 [113].

Globally, 3.2 million children under 15 werne living with HIV
In 2013, cornprising 9.1% of all people living with HIV, Most of
the Hiv-infected children acquired the infection from their
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mothers, In 2013, an estimated 1.5 million women living with
HIV gave birth, a figure virtually unchanged from those in
2000 [114].

Of the 3.2 million children living with HIV, 919% live in sub-
Saharan Africa, % live in Asia and the Pacific, and the remain-
ing 3% are situated in the rest of the world [114), Globally, HIV
cauwses 6383 per 1000 deaths in children aged
1-59 months [115].

3.11. Other congenital infections, emerging or neglected

3.11.1. Congenital Chagas disease

Congenital Chagas disease (CD) is a neglected disease. The
global epidemiclogic profile of CD ks the result of domestic
vector-bome transmission mainly in Latin America and large-
scale rurak-to-urban migration over the past 50 years [116],

The estimated global prevalence of Trvpanosoma crua infec-
tion declined from 18 million in 1991, when the first regional
contrad initiative began, to 5.7 million in 2010 [117,118]. CD has
been estimated to cause more than 10,000 deaths annually and
30-40% of people either have or will develop cardiomyopathy,
digestive mega syndromes, or both [118,119],

At least, two million childbearing women are estimated to
be chronically infected with T. cruzi in Latin America with the
incidence of congenital infection being at least 15,000 cases/
year [120], Vertical transmission may be repeated in each
pregnancy (family clustering of congenital cases) and cam
ocour from one generation to another (vertical transmission).

Materno-fetal transmission rates range from 0% to 5.2%
[121). Higher prevalence of MTCT of CDs is found in Brazil,
Paraguay, Bolivia, and Argentina [121], Qutside endemic areas,
CD often is unrecognized because pregnant women may be
asymptomatic. As a consequence of migration of infected
women, mainly from Bolivia, congenital transmission has also
been recorded from non-endemic countries. A systematic
review found that in several studies conducted in Spain,
4.3% of children born to infected mothers were infected
[121]. Associated symptoms in the infant include prematur-
ityflow birth weight, respiratory distress syndrome, hepato-
and splenomegaly, and neurologic signs [121],

3.11.2. Neonatal dengue

Dengue in pregnancy and its adverse outcomes are anather
example of a severely neglected public health issue, Dengue
causes 100 millions of infections annually, 250,000 cases of
dengue hemorrhagic fever, and 25,000 deaths [122]. The life-
long immunity developed after infection with one of the four
virus types is type-specific, and progression to more serious
disease Is frequently, but not exclusively, associated with sec-
ondary infection by heterologous types [123], Dengue trans-
mission is ubiquitous throughout the tropics, with the highest
risk zones in the Americas and Asia [124]. Studies reporting
prevalence data of dengue infection in pregnant women and
adverse pregnancy outcomes are scarce, Data from highly
endemic areas have reported a prevalence of dengue infection
in pregnancy of 25% with a vertical ransmission rate of
1.6% [125].

liness in newbaoms or infants, and adverse matemnal o
[125,126).

3.11.3. Zika virus congenital infection
The emerging ZIKV epidemic that began in Brazil in §
now spread rapidly to more than 30 countries in the J
and the Caribbean, infecting mare than 2 million ink
[127,128]). The first major outbreak outside of
occurred in 2007 in the Yap klands of Micronesia [
another large outbreak in 2013 ocourring in French F
[130].The WHO predicts that millions of cases of ZIKV
o occur in the Americas during the following manth
projections, in conjunction with a possible as:
between ZIKV infection during pregnancy and micr
cases in newboms [131,132], prompted WHO to dex
epidemic a public health emergency of international
The explosive nature of recent outbreaks and col
links to Guillain-Barre syndrome and microcephaly an
pletely understood. Incidence data from Brazil indic
reports of suspected microcephaly in Brazil best correl
ZIKY incidence around week 17 of pregnancy, altho
correlation does not demonstrate causation [131], |
2010 and 2014, the whole of Brazil reported an aw
163 children with microcephaly, whereas in 2015, the
3530 cases reported from 20 states and the federal
with a particular clustering in Pernambuco state, Mort!
Brazil [133]. The relative importance of sexual transm
ZIKY and asymptomatic ZIKV infections to the overall
of transmission [134] is also unknown and further sty
urgently needed to confirm this association and estal
consequences of ZIKY congenital infection [132].
Other pathogens which may be wvertically trai
remain neglected because they ocour, almost exclu:
limited-resource countries. Characteristics of some
can be found in Table 3.

4. Challenges in the contrel of congenital an
perinatal infections in lower middle and low-
countries

4.1. Prevention of congenital and perinatal infec
lower middle and low-income countries

Vaccines are the most effective and cost-saving tool:
ease prevention, The public health potential of vac
tackle and reduce vaccine-preventable infections
known. For instance, rubella virus is a candidate for w
eradication because human beings are the only kno
and a safe and highly effective vaccine is available, Go
of this is that endemic transmission in the Americas
interrupted since 2009 [140]. The last WHO recomme
advise to introduce rubella vaccination inte the rowti
hood immunization schedule and in combination 1
vaccination of older age groups who are susceptible ti
[59], However, rubella control or elimination goals ai
be established in the African, Eastern Mediterrane
Southeast Asia regions. While vaccination coverage
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Table 3. Neghected congenital infecticens,
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Organism Category Description Regeon
Plasmedium Protoaoa Mezuldl Palid Sub-Saharan Africa
[l dim fakciparum, Pk 1 P falciparum and 1o a bever exient abo P, vhae are assoclated with malaria  Mose data needed in
wivitx, Plosmodium ovale, ond infection during pregnancy. Placental infection ramges between 4.5% and Asia and the
Plazmodiem malarie) 58% in HW-negatha women with IPTp of malara [135) and 7.4% in BN Americas
infecved women with no peeventive meatment [136). Prevalences of
congendtal malarla range from B% to 33%, but increasing trends of
congenital maleria may be the result of incresting drug resistance,
incieasing vindenge of the parasite, HIV, of increased repoiting or detection
of cates [137). Associaved sympioms in the infant incude prematuringlow
birth weight, ILGR, still birth, anemia and sepss-like mymdromes [133]
Mycobacterium fuberculosis Mycobacteria tuberonlesis Worldwide

Congenital

Thee incidence of tuberculosis in pregnant women could be as high as in the
general population, but congenital whberoulosts & a rarity, Transmission an
be vis hematogenous spread theough the umbilical wein, or ingestion or
aspiration of infected amniot; fluid. Congenital uberoulosts may simulate
bacterialfvimal tepsis or other congenital infectiond duch a3 syphilis and
huenan cytomegalovirus infiection [13%)

1PT: Intenmistent preventie treatment.

waccing, 41 are African countries [141] (Table 3). Vaccination is
also the most effective measure to reduce the global inci-
dence of hepatitis B. Compared to other health-care interven-
tions, wvaccination is, in terms of cost-effectiveness, an
economically advantageous option [43]) In 1991, the WHO
recommended that all countries introduce a policy of universal
hepatitis B vaccination to prevent and control HBV infection,
By the end of 2014, 184 countries had included the hepatitis B
vaccine in thelr natlonal Immunization programs. Consldering
that, in highly endemic areas, hepatitis B is most commonly
spread from mather to child at birth and the development of
chronic infection is very commaon in these cases, rapid delivery
of the first dose of this vaccine soon after birth is essential
[142]. A birth dose has been introduced in 96 countries, reach-
ing up 1o B0% coverage in the Western Pacific but only 10% in

African countries [143] (Table 4), Various candidate CMV vac-
cine trials have also been conducted in the last decade but it is
unclear, in light of emerging findings on the epidemiclogy of
congenital CMY, whether a CMV vaccine would provide sub-
stantlal reductions in morbidity [144,145],

Strategies for prevention of non-vaccine preventable con-
genital infectious diseases such as CMV, HSV, or toxoplasmosis
are not uniform across different countries or even within a
country. Measures which involve prenatal education of preg-
nant or childbearing women, sexual behavior measures to
avoid H5V-2 or syphilis in pregnancy, hand washing, filtering
waler, and veterinary public health interventions such as label-
ing to indicate toxoplasma-free meat and improved farm
hygiene to reduce animal infection may be difficult to manage
in resource-constrained countries, bn these settings, hygiene is

Table 4. Avallable vaccines against pathog ially cauning congenital infections.

Countries that have L

Organism Type af vaccine Cowerage by WHO region watcing by regicn
Rebella  Combination vaccine = MR 140 goueiries by the end af 2014 WHD regioa [141] s Ne
(of 194 countries members of WD) Africa & 4
Globa| coverage 46% in 2004 Americh % o
90°% Amwrica and Europe East Mediterransan 1% &
<10% Alrica [143) Europe 53 o
South East Asia L] H
‘Weshern Pacific Fo L]
Tetal 138 5

Hepatitit B 1. Monovalent vaccine — birth dose
L Pentavalent vaccine = Hepatits B + DTPa + Hib

184 counitries by the end aof 2014
(od 194 countries members of WHO)

Global coverage of 3 doses 83% in 2014

Birth dese was inticduced in 96 counitries by 2013
Global coverage 38%

Western Paciflic 0%

Afrkca 136 [143]

Varloella 1, Monovalent vacoine A limited k

af ind w5 has Data not available

2. Cornbination vacding — MMR + varicela

introduced waricells vaccination into their childhood

immurization programms [146]
Mo data of routing childhood varicella vaccination found
in low- and middle-income countries

MR: Mo and nabell MMR: merde + rubella + musnps.
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limited, national health systems and governments are weak
and clinical staff, besides scarce, |s not always sufficlently
quialified or motivated to reinforce behavioral measures,

Prevention of MTCT swategies in those mothers infected
during pregnancy remaing a challenge in low-income coun-
tries, Inadequate disease surveillance in ANC clinics of preg-
nant women for hepatitis B, toxoplasmosis, H5V-2, or rubella
infection peses an important barrier 1o the control of conge-
nital infections in these settings, where clinical staff is unaware
of the real underlying burden of congenital infections and
screening tests are not always available, Cther potential con-
genital infections such as CMVY or B19Y remain neglected
because universal screening at the AMNC has not yet been
established even in high-income countries [27)

Other potentlal MTCT diseases such as syphills or HIV,
whose screening and treatment policies are better established,
hawe shown moderate-to-high successes In increasing the
number of women diagnosed, after successful Introduction
of point-of-care screening methods [147.148]. It is known
that antematal screening for syphilis is cost beneficial and
cost-effective and penicillin {the drug of choice) is effective,
cheap, and readily available, as opposed 1o treating C5, which
i expensive [91], Screening, detecting, and treating pregnant
women can ako contribute to prevent clinical consequences
in these women and their partners, However, given that
screening and treatment for preventing MTCT of syphilis is
not 100% effective, primary prevention of syphilis in pregnant
women is also an important strategy that needs to be
addressed to truly eliminate C5.

Unfortunately, C5 still otcurs due to a serious of reasons,
including the fact that antenatal visits are too late o avert an
adverse outcome, clinicians may not have offered testing,
testing may not have been affordable, women may not have
followed wp or received their test results, treatment may mot
hawe been available, or treated women may have been rein-
fected by untreated sexual partners. All of these reasons
maostly occur in the poorest and most resource-constrained
settings [149].

Regarding to wvertical transmissbon of HIV, in 2013, 54% of
pregnant wornen in LMIC did not receive an HIV test, a key
step o accesding HIV prevention, treatment, and care [150],
Additionally, in 2014, 73% of all pregnant women living with
HIV globally received medicines to prevent transmission to
their babies. In the absence of any interventions during
these stages, rates of HIV transmission from mather-to-child
can range between 15% and 45% [150], In 2013, the ‘Option B
+' program was introduced, whereas all HV-1-infected preg-
nant and breast-feeding women should begin lifelong antine-
trowiral therapy regardless of their HIV stage, and it has now
become the standard of care, with initiation of treatment
recommended as soon as HIV-1 |s diagnosed [51]. With
Iimproved strategies such as this one for the prevention of
MTCT, the number of newly Infected infants has decreased
by 58% woddwide, from an estimated 520,000 in 2000 to
220,000 in 2014; 41% of this decline eccuring between 2010
and 2014 [151], The implementation of the use of the newer
point-of-care rapid syphilis tests could be a highly advanta-
geous approach, as they may allow for same-day treatnent
and address logistical bamiers to testing encountered with

standard tests [147]. It is important to highlight, however,
that adequate screening may not necessarily increase the
proportion of women adequately treated if the required
drugs are not readily available. Regional syphilis screening
rates in Haiti, Kenya, Mozambigue, and the United Republic
of Tanzanka were increased with Introduction of on-site testing
but evaluation showed that there were still obstacles 1o access
treatrment [91]

Although screening of Chagas |s not fully implemernted in
high-endemic areas, some successful programs of matemal
diagnosis and follow-up were conducted in Brazdl [152). In
some countries of the Western world, similar programs have
been put in place to screen for congenitally transmitted CD
amang pregnant women coming from  highly endemic
areas [153).

Finally, in order 1o control the unabated ZIKV epidemic, the
Par-American Health Organization and the WHO are now
recommending aggressive wector control measures to reduce
mosquito populations and avolding bites, which ooour mainky
during the day [154].

Current recommendations w prevent malarla, another
important cause of MTCT infection, in African pregnant
women rely on the use of insecticide-treated nets and good
compliance with intermittent preventive treatment gulde-
lines [155].

4.2, Challenges in the diagnosis and treatment of
congenital and perinatal infections in lower middle and
low-income countries

An ideal approach for identification of infected pregnant
women would be to screen women during the first trimester
with a panel of highly sensitive serological tests for the most
comimnan pathogens potentially transmissible to the fetws, and
again early in the thind trimester. Another optimal approach
would be to retest women who are at high risk or from high-
prevalence areas closer to delivery as primary Infection may
occur after initial screening [1-6]. Most of ANC programs in
low-income countries do not contemplate the screening for
toxoplasma, rubella, H3V, or hepatitis B in pregnant women,
which are routinely tested at the ANC of high-income coun-
tries [156]. In fact, in rural settings of very poor countries,
access to ANC may be severely restricted; reasons ranging
from fear of medical cane to nonedstence of ANC. In addition,
neonatal screening of those congenital infections named pre-
viowsly does not exist in these countries [156). Congenital
infections are neglected because there is no awareness of
their burden. Diagnosis of children infected with such conge-
nital infections is not straightforward, and differential diagno-
sis with other common infections of the necnatal period
appears challenging [2).

Focusing on specific diseases, early detection of hearing
loss resulting for instance from CMV congenital infections,
cam limit long-term disabdlities: furthermore, PCR-based new-
born screening to identify those infected, and thus at risk of
sequeloe, deserves consideration. Abnormal cranial com-
puted tomography (CTX) findings are associated with con-
genital CMV infection and long-term  sequeloe  [157].
Howewver, CTX scans cannot be performed routingly in
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limived-resource settings, and infants with congenital ChV
Infection presenting with central nervous system disorders
may be more likely 10 remain undiagnosed. However, it
would be premature 1o consider newborn CMV soreening
in resource-poor settings because the disease burden from
congenital CMY and the cost/benefit ratio of long-term fol-
low-up have not been well defined. In addition, the cost and
the competing health peiorties for these settings make it
difficult to envision such a screening program. On the other
hand, recommended weatment for congenital CMY is sel-
dom available in low-income countries. Regarding rubells
and measles, certain initiatives, such as the WHO Global
Measles Rubella Laboratory Metwork created by The
Measles and Rubella Initiative, support the elimination of
measles and rubella through the intreduction of high-guality
laboratory testing of suspected measles and rubella cases
[1538). However, conditions for specimen collection, proces-
sing, and testing can be suboptimal in low-income countries
and couse laboratory results to be less acourate,

Although national and intermational guidelines are mose
uniform in order to prevent other MTCT diseases such as
HIV, the access to diagnosis of HIV in infants is available to a
very limited number of children in need, with only 15% of
exposed infants in LMIC recelving a wirological rest [159],
According 1o the updated WHO guidelines, HAART should be
initiated among all children living with HIV, regardless of WHO
clinical stage or at any CD4 cell count [51]. Of the estimated
600,000 children who require HAART in sub-Saharan Africa,
less than 5% are recehving therapy. Without treatment, about
one-third of children living with HIV die by their first birthday,
and half die by their second [114])

Im order to approach other neglected congenital infections
such a5 Chagas, a consensus has been established on the
contral strategy [160). Since congenital infection with T, cruzi
is mostly asymptomatic but may progress to severe chronic
CD later in life and an effective treatment is avallable within
the first year of life (benznidazol or nifurtimox), its eardy diag-
nasks Is of upmost importance [121). Conventional tests, such
as ELISA, indirect immunoflucrescence, and indirect hemag-
glutination, are available for diagnosis but its performance
depends on good-quality testing kits and good laboratory
practice [121].

4.3. The impact of HIV In control of congenital and
perinatal infections

Perinatal HIV transmission rates have declined in industrialized
countries after the Introduction of HAART and elective caesar-
ean sections [161). However, sub-5aharan Africa remains the
regian of the world most heavily affected by HIV-1; mare than
90% of all children who acquired HIV-1 in 2011 are residing in
this region [162],

As described above, studies have suggested that perinatal
HIV tramsmission is more frequent among newboms with
congenital CMVY infection [12] and among H5V-2-seropositive
women [11]. In addition, MTCT of ather viruses highly endemic
in sub-Saharan Africa. such as HBY, may be increased in chil-
dren born of HIV-infected women [163).

EXPERT FEVIEW OF AMTI-INFECTIVE THERAPY (=) 655

Although WHO recommends that countries should ensure
the provishon of the Option B+ to all HIV-infected pregnant
women, many countries in sub-Saharan Africa are still only
able to offer single-dose nevirapine to prevent HIV perinatal
transmission [164], Measures to strengthen national and inter-
national policies should be established, especially in areas
where treatment of all HV-infected pregnant women ks not
the standard of care. The benefits of treatment may be multi-
ple: reduction of MTCT of HIV and decreasing the incidence of
congenital infections such as CMY or HSV-2. Strategies such as
the birth dose of hepatitis B vaccing [142] or acyclovir treat-
ment to prevent neonatal herpes [165] should be considered
in highly endemic countries for HIV, HBV, and H5V.

5. Global strategies to reduce congenital and
perinatal infections

5.1. Ongoing strategies to reduce congenital and
perinatal infections

Global strategies to reduce congenital and perinatal infections
are urgently needed. International institutions, such a5 the
WHO, the Global Alliance for Vaccine and Immunization, the
Measles and Rubella Initiative, and other organizations are
working together to control and prevent some of these infec-
tions (Table 5)

6. Five-year view: strategies and goals to tackle a
major public health issue: congenital and perinatal
infections in lower middle and low-income countries

The way forward in the following years should foous on the
necessary efforts to reduce congenital infections in higherisk
populations. At the international level, prevention of MTCT of
infections should be made & health system priarity, and links
with international groups resulting in focused and coondi-
nated international effort should be encouraged, mainly in
highly endemic countries,

&.1. Global strategies

6.1.1. Access to ANC with emphasis on early access
Access to ANC In resource-constrained countries ks highly
variable but may be jeopardized in many settings because of
fears of medical care to nonexistence of ANC programs. The
first step to reduce congenital infections in these settings is
enswing a wniversal access to ANC while reinforcing the con-
trol of diseases aleady included and enlarging the screening
to other prevalent diseases such as syphilis or HEV. In addition,
strengthening health national systems and education of popu-
lation would also be a main prioty.

6.1.2. Surveillonce and screening ANC

Monitoring of diseases using effective surveillance took
should be conducted both at the ANMC and in postnatal
encounters with the newborn, such as for instance, during
the first vaccination scheduled as part of the expanded pro-
gram on immunization, Congenital infections can be pre-
vented by an early detection of infection in pregnant
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women. Programs promoting safe sex or controd of 5Tis,
hygiene, mutritional and educational measures will prevent
rmatemnal infection, but if women become infected, only proac-
tive screening programs can detect and prevent the deleter-
lows effects of matemnal infections on the fems. A minimal
requirement would be that all women should undergo one
screening test in their early pregnancy and if this does not
happen, they should be tested at delivery. Hence, these pro-
grarms must be implemented dusing ANC [170),

6.1.3. Control of 5Ts

Since the incidence of some congenital infections such as C5,
neonatal herpes, HV, or hepatitis B B directly related 1o the
prevalence of STIS in the population, strategies aiming to

reduce the burden of congendtal infections should be comple-
mented by adequate programs to prevent, control, and treat
5Tis.

6. 0.4, Surveillance in neonates

Improving the early detectlon and diagnosks of congenital
infections should be a priority if an impact on their associated
morbidity and morality s 1o be achieved. Additonally, better
estimates of the global burden of comgenital infections in
developing countries are urgently required, 5o a3 to highlight
the impact that such infections play in the global health
scenario. Better training of clinical staff in the diagnosis and
management of children with suspected congenital infection,
wgether with enhanced awareness from  the  general
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population regarding the burden and risks of congenital infec-
tions in their environment, should lead to the adoption of
better management and preventive strategies.

6.1.5. Diagnosis

There i a need to ensure a wide avallabllity of diagnostic tests
for diseases such as HIV, syphilis, or HBV, for which there are
rapid and well-functioning diagnostic tests [147,143], Reference
laboratories for each region (sentined laboratory) should be
entablished 1o offer diagrostic possibiliies for diseases, which
do not yet have readily accessible or cheap diagnostic schemes,

6.1.6. Treatment

The disassociation between testing and treatment administra-
tion observed in HIWV and syphilis screening programs can be
solved using on-site testing in ANC and allowing early receipt
of reparts leading to eardier treatment of mothers attending
clinics late in their pregnancy. Treatment also should be avail-
able at the peripheral health post level,

6.1.7. Vaccines

For those vaccine-preventable congenital infections, it appears
critical to achieve and maintain high levels of population
immunity by providing high vaccination coverage, Since vac-
cimes are supposed to be the most effective measure 1o pre-
vent Infections, endeavors to ensure rubella and birth dose of
hepatitic B vaccines introduction in child immunization
national programs should be encouraged,

7. Expert commentary

Although enormous efforts are belng made at the interna-
tional and national levels to reduce the burden of some
congenital infections, these infections remain far from a
public health priority. The recent ZIKY ouwtbreak and its
possible association with microcephaly in children born of
womaen infected during pregnancy has generated waorldwide
alarm and has highlighted the lack of global awareness
regarding the impact of infections tranemitted from mother
to child. It therefore appears essential to adequately
describe the global and local burden of each perinatally
transmitted Infection, through the Improvemnent of maternal
and neonatal morbldity survelllance systems at the ANC and
child services. Ensuring early diagnosis, treatment, and vag-
cination {when available] as the key preventive strategies is
also of paramount importance. In order to achieve an effec-
tive surveillance, clinical staff must be wained to suspect
cases both in pregnant women and their children, so that
reporting of cases becomes routine, Mone effective diagnoes-
tic tests, for which more research is urgently needed, could
contribute to achieve this goal. Reference laboratories need
1o be established, where specimens of suspected cases can
be sent, ensuring reliable results and rapid feedback. The
measles and rubella laboratory network is a successful exam-
ple of these reference laboratories [158). For prompt recelpt
of results, vested women must return 1o clinic, of there must
be a notification system In place; but unfortunately, neither
of these generally occurs.

EXPERT REVIEW OF ANTI-INFECTIVE THERAFY @ BT

As vaccines stand as the best method to reduce rubella and
hepatitis B infections, campaigns to introduce them in pedia-
tric Immunization pregrams must be a high peiority in places
which have not yet done so. Cumenitly, a single manufacturer
of measles-rubella vaccine (MRV) exists [158]. Many countries
have introduced only measles-containing vaccines (MCV) and
rely an danors to pay for theses MOV vaccines. Costs 1o ensune
MRV introduction should be ensured by national and intema-
tional institutions. Research should also focus in the develop-
ment of new vaccines against other commaon and devastating
congenital infections, such as for instance, CMV and toxoplas-
mosis, Finally, national governments and international institu-
tlons should engage In a collaborative manner to successfully
achleve all of these goals.

Key issues

« The TORCH complex typically comprises Tomoplasmesis,
Rubella, MV, HSV and other pathogens including
Treponema pallidum (which causes syphilish, and other
viruses (HIV, HBV, VZV, parvovirus B19).

= Mother to child transmitted infections remain neglected
worldwide and especlally in low-income countries whene
cases of children infected are underreported.

# No specific estimates regarding the global burden of
congenital infections and their impact on disability
andfor neonatal cause-of-death axist.

# Great burden of congenital disease is assumed in low-
income countries where codnfection with HIV or other
maternal conditions a5 malnutrition, malaria or poor
hygiene may favour MTCT,

= Vertical transmission of some viruses such as CMY, rubella
or H3V may be devastating for the Infant but most of these
cases are not diagnosed.

# Screening of sorme of infections such as HIV, syphilis or HEV
can be easily done at the ANC level and ensuring early
diagnosis and treatment (when available) is the key pre-
ventivie strategy.

» Effective surveillance can be improved, strengthening local
health systems and training cinical staff.Global endeavors
are needed to introduce and ensure anti-rubella and anti-
HBY wvaccines at EPl worldwide and research should be
focus to develop new vaccines to awold other congenital
infections.

» Global strategies should be established in order to reduce
the burden of congenital infections worddwide and espe-
cially in low-income countries.
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ABSTRACT
Background: Congenital cytomegalovirus (cCMV) infection is the most
prevalent congenital infections acquired worldwide, with higher incidence
in developing countries and among HIV-exposed children. Less is known
regarding vertical transmission of parvovirus B19 (B19V) and enteroviruses
(EV). We aimed to assess the prevalence of CMV, B19V and EV vertical
transmission and compare results of screening of congenital CMV obtained
from two different specimens in a semirural Mozambican maternity.
Methods: A cross sectional study was conducted among pregnant mothers
attending Manhica District Hospital upon delivery. Information on maternal
risk factors was ascertained. Dried umbilical cord (DUC) samples were
collected in filter paper for CMV, B19V and EV detection by real-time
polymerase chain reaction (RT-PCR), and nasopharyngeal aspirates (NPA)
to test for CMV by RT-PCR. Maternal blood samples and placental biopsy
samples were also obtained to investigate CMV maternal serology, HIV
status and immunopathology.
Results: From September 2014 to January 2015, 118 mothers/newborn pairs
were recruited. Prevalence of maternal HIV infection was 31.4% (37/118).
CMV RT-PCR was positive in 3/115 (2.6%) of DUC samples and in 3/96
(6.3%) of NPA valid samples obtained from neonates. The concordance of
the RT-PCR assay through DUC with their correspondent through NPA was
moderate (Kappa = 0.42 and p<0.001. No differences on cCMV prevalence
were found among HIV-exposed and unexposed. All (100%) mothers
were seropositive for CMV IgG. RT-PCR of EV and B19V in DUC were both
negative in all screened cases. No histological specific findings were found
in placental tissues. No risk factors associated to vertical transmission of
these viral infections were found.
Conclusions: This study indicates the significant occurrence of vertical
transmission of CMV in southern Mozambique. Larger studies are needed to
evaluate the true burden, clinical relevance and consequences of congenital
infections with such pathogens in resource-constrained settings.
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BACKGROUND

Despite the impressive reduction in child mortality in the last decades,
neonatal mortality has declined more slowly and now accounts for nearly
half (45%) of all under-5 child deaths'. Congenital and perinatal infections
are well-known causes of neonatal morbidity and mortality and stillbirths in
high-income countries (HIC)**. However, estimates of the global burden of
congenital infections and attributable stillbirths, neonatal disease, disability
or deaths due to mother-to-child transmission (MTCT) of these infections in
low-income countries (LIC) are limited on account of the generalized scarcity
of data’. Despite the positive impact in terms of health outcomes shown by
the introduction of screening and treatment policies for several pregnancy-
relevant infections such as human immunodeficiency virus (HIV), syphilis
or malaria®’; pathogens that may also be vertically transmitted beyond
these infections are rarely the focus of clinical practice and research®”.

Several viruses, including among others cytomegalovirus (CMV), parvovirus
B19V (B19V) and enterovirus (EV), may cause mild and self-limiting clinical
manifestations among infected pregnant women, but more severe or
even life-threatening disease in their offsprings. The Zika virus epidemic
of 2016 in Latin America has contributed to highlight the emerging threat
that maternal viral infections may carry for the health of the foetus and
newborn®.

Despite being the most prevalent congenital infection worldwide, congenital
CMV infection (cCMV) it remains largely neglected in the developed and
developing world*. Although the global prevalence of cCMV has been
reported to vary from approximately 0.2% to 2% (mean 0.65%), most of
these studies have been conducted in high-income regions of Europe, USA
or Japan were prevalence of cCMV ranges between 0.6-0.7%"*". Data from
LIC varies substantially, with some estimates peaking at 6-14%""". Higher
overall rates of cCMV are found in countries with higher maternal CMV
seroprevalence'**** and among infants exposed to HIV during pregnancy.
Indeed, maternal HIV infection is thought to significantly increase (from
2.3% to 10.3%) the prevalence of cCMV in those HIV-exposed infants
compared to those born to HIV-negative mothers **. Furthermore, CMV
infection seems to play a role as a cofactor for HIV disease progression in
HIV/CMV co-infected newborns®. Different methods have been evaluated
for cCMV screening based on saliva, urine and blood specimens, being
saliva and urine the generally considered most appropriated samples®™.
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Virus isolation from saliva or urine in rapid culture has been traditionally
considered the standard method for identification of infants with cCMV but
such methods appear unfeasible to perform for large screening efforts .
In contrast, real-time polymerase chain reaction (RT-PCR), also considered
as gold standard®**, allows large numbers of specimens to be screened at
a relatively low cost. However, RT-PCR based methods applied to dried-
blood-spot (DBS), tested in countries where DBS are routinely collected for
newborn metabolic screening, have shown a low sensitivity as a screening
methodology®. Dried umbilical cord (DUC) sample-based PCR assays
have demonstrated utility for diagnosis of cCMV, as part of retrospective
investigations of the underlying aetiology of hearing impairment® ™,

Considering CMV is excreted through the nasopharynx, other samples such
as nasopharyngeal aspirates (NPA), easily obtained and simple to store, could
be used for CMV screening, while additionally allowing the investigation of
other respiratory pathogens of public health importance®*. Until now and to
our knowledge, NPAs have not been evaluated as a screening methodology
for cCMV diagnosis, although the Child Health and Mortality Prevention
Surveillance Network (CHAMPS) aiming to know cause of death through
innovative techniques such as the minimally invasive tissue sampling
(MITS), proposes NPA as a standard specimen for diagnosis of cCMV**3*,

Knowledge gaps regarding the burden of other congenital infections
associated to fatal foetal outcomes, such as B19V and EV, remain significant.
B19V can cause a variety of foetal complications including spontaneous
abortion, non-immune hydrops foetalis or intrauterine foetal death®. The
epidemiology of B19V infection in pregnancy has been well studied in
industrialized countries whereby prevalence has been estimated to vary
from 1 to 5% in pregnant women with transmission rates to the foetus
ranging between 17-33%°°. However, the burden of this infection during
pregnancy in LIC has been rarely documented and studies investigating in
these settings active B19V infection in newborns have not been conducted.
Enteroviruses, which include coxsackieviruses and echoviruses, cause about
one billion infections every year worldwide but their consequences during
pregnancy have been seldom described”. Transplacental transmission of
EV has been associated to stillbirths, non-immune hydrops foetalis and also
severe neonatal infections, although the epidemiology and characterization
of neonatal outcomes is not well documented®. Although data in LIC
remain insufficient, higher burden of congenital infections may be assumed
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in regions like Southern Mozambique where HIV is highly prevalent and
effective vaccines against pathogens such as rubella are partially or even
not implemented" ***.

This is a pilot study exploring congenital acquisition of CMV, B19V and EV
determined at birth. We additionally aimed to compare the results of two
simple screening methodologies using RT-PCR for cCMV investigation, using
DUC and NPA specimens obtained from the newborns.

METHODS

Study site

The study was conducted in Manhiga, a semi-rural site in Southern
Mozambique. The Manhica Health Research Centre (CISM) runs a
Demographic Surveillance System (DSS) in the area linked to a Hospital
Morbidity Surveillance System (HMSS) ongoing at the Manhiga District
Hospital (MDH) including all admitted children. A detailed description
of MDH, CISM and the study area can be found elsewhere®. MDH is the
referral hospital for the Manhica district, covering a population of circa
183,000 inhabitants. The MDH includes adult and paediatric wards, together
with a maternity, where an average of 3500-4000 deliveries takes place
annually. Around 85% of all deliveries are institutionalized (A. Nhacolo,
personal communication). It also includes an outpatient department
and an antenatal care (ANC) clinic where pregnant women are routinely
followed. As part of the National policy, all pregnant women are invited
to attend ANC clinic during their pregnancy, where HIV testing and syphilis
screening are routinely offered. Malaria transmission of moderate intensity
is perennial with some seasonality and, intermittent preventive treatment
during pregnancy (IPTp) for malaria prevention is recommended®. HIV
prevalence in Manhiga district is amongst the highest in the world, with
rates estimated at around 29% at the ANC clinic*’. In 2013, MDH introduced
WHO-recommended Option B+ for the prevention of mother-to-child HIV
transmission®, which is offered to mothers free of charge. No proactive
strategies to screen for risk factors of neonatal sepsis or to prevent it are
currently implemented in Mozambique.

Study design and population

This observational pilot study was conducted at the delivery wards of
MDH, between September 15th 2014 and January 15th 2015, running
continuously during working hours (8:00-16:00) and working days. We
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recruited pregnant women upon delivery (regardless of gestational age
(GA) and their offspring. Participants were eligible for inclusion if they
were >18 years old and able and willing to participate in the study and to
provide informed consent after an explanation of the study. As this was a
pilot study, in order to obtain a more representative sample of the study
population, the three first women seen every day were approached for
recruitment.

Definitions

Gestational age was defined using fundal height, measured from the top
of the mother’s uterus to the top of the mother’s pubic symphysis and
assessed by a nurse specialist in maternal child health. A preterm baby was
defined as that with a gestational age at birth of <37 weeks and a stillbirth
case as an intrauterine death occurring after 28 weeks of GA. Low-birth
weight was defined as weight at birth <2.500 grams**. Microcephaly was
defined following the WHO growth standards®. Congenital CMV, B19V or EV
infections were defined as detection of viral DNA/RNA by RT-PCR in dried
cord umbilical samples obtained from neonates at birth*. Although cCMV
diagnosis through NPA has not been validated, we also explored prevalence
of CMV through positive RT-PCR in NPA specimens. Positive HIV status was
defined according to national guidelines, which required for mothers two
positive rapid testing (an initial discriminatory diagnostic test (Determine®)
and a confirmatory test (Unigold®); and for children < 18 months of age a
positive rapid test in addition to a confirmatory positive PCR test.

Study procedures

A placental biopsy and two drops of umbilical cord blood collected in filter
paper (Whatman 903®, Florham Park, NJ) were obtained immediately after
delivery in order to determine DNA/RNA of CMV, B19V and EV and assess
placental histopathology. In addition, a NPA was collected from neonates
within the first two hours from birth, using a bulb aspiration kit conveniently
pre-filled with sterile saline (M-PRO NPAK NASOPHARYNGEAL ASPIRATION
KIT®) . At least 1ml of NPA specimen mixed with sterile saline was collected
and stored with the objective of screening for CMV DNA. A blood sample
was collected from mothers for assessing anti-CMV antibodies. Maternal
HIV status was determined and recorded if not previously registered
in antenatal source documents. Other screening test results routinely
performed at the ANC clinic, such as syphilis screening (using Rapid Plasma
Reagin) or haemoglobin determination were also recorded.
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DNA Extraction and Real Time -PCR for viral amplification

CMV and B19V DNA and EV RNA were extracted from 1 drop of DUC
(around 50 ul) and CMV from 400 ul of NPA specimen by using the
NucliSENS®easyMag® (bioMérieux, Marcy I’Etoile, France) instrument
according to the manufacturer’s procedure and eluted in 25 pl of elution
buffer for DUC and 50 ul for NPA. Samples were tested for the presence
of CMV DNA ,B19V DNA and EV RNA with three different real-time PCR,
CMV Q-PCR alert Kit®, Elitech Group Molecular Diagnostics, RealStar®
Parvovirus B19V kit®, Altona Diagnostics and and a published in-house
real-time RT-PCR assay for EV detection [46]. Positive results with cycle
threshold values above 40 were classified as negative. Appropriate positive
and negative controls were included in all the experiments. Samples were
considered as valid when a clear positive or negative result was obtained.

Seroprevalence of CMV among pregnant women

Serum collected from the mothers was tested for the presence of anti-CMV
immunoglobuline G (IgG) antibodies (AB) using the electrochemiluminescence
immunoassay “ECLIA” intended for use on Elecsys and cobas immunoassay
analyzers, according to the manufacturer’s instructions. Positive, negative,
and cut-off controls were included in all runs, and positive samples were
retested to confirm initial positive result.

Placental biopsy

A placental biopsy was obtained with a scalpel blade and immediately
placed into 10% buffered formalin for transport to the laboratory. Each
placental sample was embedded in paraffin wax, sectioned in 5um tissue
pieces and stained with standard haematoxylin—eosin for histopathologic
examination. Different histopathological parameters were assessed including
a macroscopic description (weight, oedema, haemorrhage, infarct and
calcifications) and a microscopic description (inflammation and presence of
microorganisms). Additional sections were saved for histochemical staining
(PAS, Grocott and Gram) performed in an automated stainer (BenchMark
Special Stains- Ventana Roche), following commercial recommendations.
An immunohistochemical assay was performed on formaline-fixed paraffin-
embedded tissue sections according to standard procedures, using the
Ventana-Roche automated immunostainer system (BenchMark XT-Ventana
Roche). Antigen retrieval was performed by heat-induced epitope retrieval
and B19V (Master Diagnostica, Granada, SP) and CMV (Cell Marque, Rocklin,
CA, USA) antibodies were applied according to manufacturing instructions.
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Infant follow-up

Clinical examination of all newborns, including the evaluation of head
circumference and Apgar score at minute 1, 5 and 10, was performed at
birth. Dubowitz score for postnatal GA determination was done in live
neonates at least 12h after birth”. Maternal and child HIV status were
registered. All participants were followed using the HMSS in order to check
any hospital admissions to MDH during the first six months after birth.

Statistical analysis

All data were prospectively collected using standardized questionnaires,
which were double entered in specific study databases, created using
Openclinica© software. Discrepancies were solved after comparison with the
original source documents by a senior data clerk, and in close collaboration
with the study clinicians. Statistical analyses were performed using Stata
14.1 (Stata Corp., College Station, TX). Study variables were counted and
summarized in frequency tables. Univariate and multivariate analyses were
performed to identify risk factors for CMV, B19V and EV neonatal infection,
separately. Firth logistic regression was used in order to address issues
of separability, small sample sizes and bias of the parameter estimates.
Variables that were found to be significantly associated with CMV, B19V
and EV acquisition in the univariate analysis together with those related
at a significance level of p<0.10 were entered into a multivariate model.
Agreement between the results of DUC RT-PCR assays and those of NPA
RT-PCR was assessed through Kappa statistic.

Ethical considerations

This protocol and all supporting documentation (Informed consent
documents, Study questionnaires) were approved by the local bioethics
committee of CISM (Comité Institucional de Bioética para Saude) and by
the National Bioethics Committee of Maputo in Mozambique, and by the
Ethics Committee of the Hospital Clinic in Barcelona, Spain. Participants were
asked to express their willingness to participate in the study by signing (or
thumb-printing in case they were illiterate) a consent form. Participation
in this study was voluntary, and study-related procedures did not interfere
with the pregnant women'’s or children’s standard clinical care.

RESULTS
Maternal characteristics
During the study period, 118 pregnant women were recruited upon delivery
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at MDH (Fig 1). Table 1 summarizes the socio-demographic and clinical
characteristics of participant mothers. Median age of recruited women was
22 years (Interquartile range, IQR 19-29), with >75% being younger than 30
years of age. Nearly a third of women (31.4%, 37/118) were confirmed HIV
positive and only one of 118 had a positive syphilis test. Malaria test results
were registered as negative in 5/118 women and no information about this
disease was obtained for the rest of mothers. CMV IgG AB were detected in
all (100%) women. Distal villous hypoplasia was observed in 27/117 (23.0%)
of placental tissue samples evaluated. Neither microorganisms nor other
significant findings were detected after evaluating tissue sections with
standard tissue staining or in the immunohistochemical studies (Fig 2).
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Table 1. Socio-demographic and clinical characteristics of mothers participating in
the study and univariate analysis of maternal risk factors associated to congenital
CMV infection measured by different specimens.

Total Maothers of Mathers of
b neonates neonates
i CMV positive  Crude OR (25%CIF  poalue®  CMV positive  Crude OR (95%C1°  p-value®
n=118 by DUC, by NPA,
na3* n=g*
Soc
-demographic n %) n (%) n (%)
Age in years el 06l
<11 51(43.2) 2(66.7) 100 4(66.7) 1.00
22w 29 40(339) (o) 0.23 (0,01 - 4.92) 1{16.7} 0.23 (0.01 - 4,92)
230 27(229) 1(33.3) 1.05(0.13 - 8.42) 1(16.7} 1.05(0.13 - 8.42)
Seconday or _ -
; jucation 201254 0 {0.0) 040 [0.02-8.06) 055 3(500)  323(0.6E-1536) 0.14
Employment 6(5.1) 0 {0.0) 2.34 (0.11 - 50.28) 0.59 000.0) 192 (0.85 - 41.36) 068
Obstetric History n (%) n (%) n (%)
Age of first pregnancy _ i
{mediantiaR] ) 18.0017-20) 1B.0(17-18) 051 (02.7-3.11) 0.569 18.0(18-18] 1.03(0.76 - 1.41) 0.84
Gravidity (mean5D)  27(:0.2)  37(x23)  1LI7(081-201) 030 15(#0.2)  063(031-129) 021
Previous abortion n{3)  11(9.3) 0 {0.0) 126 (0.61-2597) 088 0(0.0) 0.75(0.89-14.43) D85
History of current
R n[%) n (%) n (%)
At lzast 3 antenatal
vigits during the 69 (58.5) 2 (BB.7) 0.78 (0,98 - 6.15) 0.81 5183.3) 1.22 (0,19 - 8.01) 083
pregrancy
‘5'-‘“::::‘: 716.1) 0{00)  273(0.12-6225) 053 1{167)  338(047-2433) 023
Vaginal discharge 2(1.7) 0 {0.0) 5.31 (0,25 - 157.5) 0.26 0(0.0) 2.72(0.12 - 62.86) 053
Investigations n (%) n (%) n (%)
Syphilis positive 1 (0.5} o (0.0} 9,95 (0.34 — F30.3) 0.32 0 (0.0} 5.12 (0.19 - 140.9) 033
HIV positive 37 [31.4) 142.7) 126(0.16-9.89) 083 3(500)  2.19(046-10.30) 032
HIV pasitive in HAART 33 (85.2) 11100.0) 125 (0.11- 4.43] 0.56 3 (100.0) 2,60 (0.48- 14.04) 025
Anemia (<11g/dL) 55(72.4) Q0.0 0,13 (0.01 - 3.26) 0.21 266.7) 0L59 (0,07 - 4.88) 063
CMV IgG serum
antibodi 118 [100) 3 (100} 0,03 (0.00 - 1.81) 0.0 6 (100 007 (0.06 - 3.592) 0.20

MR {interquartile range). 50: standard deviation. HAART: highly active antiretroviral therapy. COMV: cytomegalovirus, DUC: Dried
urnbilical eord. *Results based on 115 valid DUC samples. NPA: NMasopharingeal aspirate. *Results based on 96 valid NPA sarmples,
OR: odds ratio. CI: confidence intervals. *OR and P-value derived fram Firth logistic regression,

No maternal risk factors associated to neonatal cCMV were found in the
univariate analysis and thus, multivariate analysis was not performed
(Table 1).
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Fig 2. A placental tissue sample from a CMV infected infant. Distal villous hypoplasia:
many terminal villi are extremely small, with reduced stroma and capillaries number.

Neonatal outcomes and infant follow-up

One hundred and eighteen delivery outcomes from the 118 pregnant
women were recorded (100%) at MDH. Characteristics of neonates born
of mothers participating in the study are shown in table 2. Neonatal
outcomes included 110 live term babies, 7 preterm and 1 case of stillbirth
born at 41 weeks of GA, whose mother refused permission to sample the
foetus. Twenty-one (17.8%) newborns had low-birth-weight and three of
them (2.5%) presented microcephaly at birth[48]. At least one specimen
was collected from 117 neonates. A hundred and fifteen of the 117 DUC
samples obtained were valid for viral determination. All of them were
negative for B19V and EV. Three of the 115 (2.6%) valid DUC samples were
positive for CMV. This virus was also detected in 6/96 (6.3%) valid NPA
samples obtained. A total of 7/117 (6.0%) newborns tested had at least
one positive sample for CMV. Prevalence of cCMV infection measured by
DUC among HIV-exposed neonates was 2.7% (1/37) and 8.1% (3/37) when
CMV was detected through NPA, although no significant difference was
found compared to the prevalence among HIV-unexposed in both cases
(Table 1). One of the NPA-CMV positive cases was born preterm and with
low birth weight while all neonates DUC-CMV positive were healthy at
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birth. CMV infection was associated to a higher risk of microcephaly at
birth when CMV was determined by NPA (OR 9.65, 95% CI 1.07 - 87.12,
p=0.04) in the univariate analysis (Table 2).

Table 2. Clinical characteristics of neonates born to mothers participating in the

study.
Meonates
Neonates M‘“ ates MV
at birth pasitive Crude OR (95%C1  pvalue®  posithee  Crode OR (95%0* P,
by DUE value® |
=118 by NPA l
=3
nab* |
Clinical characteristics of
newbarms n (%) n % n %}
Gastational age at hkthu{ll'r;; 065 031
Teim newbarn 1101(34.1) 3 [100.0) 1.00 (833 100
Pre term newborn 7 159] o 2.01 {0.95 - 42.63) 1(16.7) 354 [0.4%. 25,53)
Stillbirth  100.9] o - - oo - -
Low birth welght [<2500gr) 21 117.8) ol 0,51 {0L03 - 12.21) 0.75 1{167) L23(009-8.08) 022
HesdcroumfersnceIn om  scomng)  397(52)  113(099-129) 008 362(28) 269(0.12-6215) 054
[meantsD)
Microcephaly 3 125) (o) 4,43 (0018 - 103.20) 0.35 1(167) 965([1.07-87.12) o0.04
Perinatal asphyla 2107 o) 10062 {0.36-309.66) 017 oo 269(0.12-62.15] 054
Jaundice 000} o) - - ool - -
Purpura oo oo - - o) - -
Dubowitz neurological score . 0.2)
[meantSD) 310 (0.8) 088 {054 - 1.27) 046  3LT(102) L14(0.79-165) 047
Malformations atbirth 2 11.7] ale) 625(025-15621)  0.26 o(0]  269(012-6215 054
Sickatbirth 2117 oo 6.25 [0L25 - 156.21) 0.26 oo 269 (0.12 -62.15] D54
Outcome
Mﬂtudliﬂ&mm;: 7 (5.9) oo 2.01{0.95 - 42.62) 065 1(16.7) 355 ([0.49-2552] 021
Death afterbirgh® 2 11.7] olo) 6.25(035-156.21) 026 0(0]  269(0.12-62.15) 0.54

o oytomegalovinus. ‘Results based an 117 patients. Mather of a stillbirth refused to take sample of the baby, DUC: Dried umbilica
cord, ‘Results based on 115 valid DUC samples, NFA: Nasopharingeal aspirate. *Results based on 96 valid NPA samples, OR: odds ratia, €1
confidence intervals, *OR and Povalue derived from Firth logistic.  "Apgar at minute 1 <5, "Suboptimal newnological score foliowing
Duborwitz; <30.5. ™ Death [including stillbirth and any deaths in the first & months after birth),

Through HMSS, 7/117 infants born to mothers participating in the study
were detected as admissions at MDH at least once during their first 6
months of life (Table 2). Two of them admitted within the first 24h after
birth died due to clinical sepsis. Other causes of admission included
perinatal asphyxia, bronchiolitis, diarrhoea and malaria. Among neonates
were CMV was detected only the preterm baby with a positive NPA for
CMV was admitted at birth. In all of these cases, children were discharged
fully recovered. No additional follow-up investigations were conducted.
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Comparison of dried umbilical cord and nasopharyngeal aspirate RT-PCR
Assays for CMV determination

A total of 94 pairs of samples (DUC and NPA) from 94 neonates were
available for testing CMV by RT-PCR assay and comparing results. Of these,
2/94 neonates (2.1%) were positive for CMV by any test. A newborn with a
positive RT-PCR assay through DUC had a negative NPA result, and the NPA
RT-PCR assay also identified four additional neonates as infected although
their DUC RT-PCR were negative (Figure 1). The overall concordance of the
RT-PCR assay through DUC with their correspondent through NPA was
moderate (Kappa = 0.42 and p<0.001).

DISCUSSION

This study is a first attempt at proactively investigating vertical transmission
of CMV, B19V and EV in Mozambique. The study was an opportunistic
attempt to explore congenital transmission of these viruses, and was not
specifically designed to evaluate the performance of the RT-PCR method of
identification of cCMV in neonates as compared with the “gold-standard”
for the detection of CMV (isolation of the virus in rapid cultures or PCR
assay) since that has already been demonstrated®*'. The study shows
a prevalence of cCMV infection assessed through dried umbilical cord
samples of 2.6% and through NPA of 6.3%. Although specimens utilized
in this study are not those currently recommended and even NPA has
not been validated for its use in cCMV diagnosis, they highlight a high
burden of vertical CMV transmission. Contrarily, BL9V and EV congenital
transmission in the newborns was not found in this cohort although only
DUC samples were analysed.

The prevalence of cCMV in this study detected through DUC was likely
underestimated, as it has been demonstrated that real-time dried-blood-
spot PCR assay has a lower sensitivity compared with the standard saliva
rapid culture®. The dried umbilical cord samples have previously been used
for retrospective studies to diagnose cCMV**° and although this sample
type has never been compared to other accepted specimens for cCMV
diagnosis, it would however be reasonable to assume that a positive DUC
sample is likely a true positive. On the other hand, NPA has not been ever
assessed as a specimen valid for cCMV. The prevalence of 6.3% found
in this study through NPA is likely overestimated due to until 30% of
CMVseropositive women will secrete CMV in vaginal fluid and that could
contaminate with CMV nasopharynx of neonates™. Then, considering cCMV
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prevalence found through DUC a true prevalence, it was higher than the
rate reported in newborns from industrialized countries (<1%)** and falls
within the range reported in a systematic review for developing countries
(0.6% - 6.1%)>*. However, that review excluded studies reporting data
from high at-risk populations for CMV transmission, such as HIV infected
mothers, and restricted inclusion to studies having used the recommended
gold standard specimens (saliva and urine) and techniques (cultures and
PCR)**. Although it is likely that our cCMV prevalence was underestimated
for the aforementioned reasons, other studies conducted in HIV endemic
areas have reported similar congenital CMV prevalence to those shown
here. A study conducted in Nigeria found a rate of 3.8% among neonates
born to mothers with a low prevalence of HIV (4.8%). High prevalence of
cCMV in HIV-exposed infants has been previously reported in two settings
(South Africa and Zambia) with a maternal HIV prevalence similar to the one
documented in our study area®****. The South African study was conducted
among 748 HIV-exposed infants found a cCMV prevalence of 2.9%. No
comparison with HIV-unexposed was performed?. Overall prevalence of
cCMV among high-risk newborns admitted to a referral neonatal unit in
Zambia was 3.8%, and 11.4% in those infants exposed to maternal HIV
(Adjusted OR 6.66, 95% CI 2.13-20.9)**. HIV prevalence in our maternal
cohort was very high (31.4%) and almost 90% of mothers were under
highly active antiretroviral therapy (HAART), possibly explaining why the
prevalence of cCMV was not higher among HIV-exposed newborns and
why differences between HIV-exposed and unexposed-neonates (2.7% vs.
2.6%%, OR 1.26 95% CI 0.16—-9.89, p=0.83) were not found*’. Reasons to
explain the difference between Zambian study results and our findings could
be that the Zambian study was performed on admitted and therefore sick
neonates and our study was conducted at time of birth. Another reason may
be a betterimmune status of our HIV-infected mothers although information
about HAART in this Zambian study was not available®*. Immunosuppression
in HIV-infected pregnant women likely leads to increased incidence of
reinfection or reactivation, or prolonged CMV viral shedding, lengthening
the opportunity for congenital transmission® *°. Moreover, an association
of CMV transmission with advanced maternal immunosuppression has
been previously described®.

No risk factors independently associated with cCMV were found. Primiparity,
acute placental malaria, HIV-exposure and jaundice have all been reported
as independent risk factors for cCMV infection by other authors™ ?*°* ©,
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Caution is needed when interpreting our findings, since sample size was
small and likely insufficient to detect significant differences among infected
and uninfected neonates. It has been estimated that 90% of infected
newborns do not have obvious clinical signs of CMV congenital infection
and of them, only 15% will develop long-term neurological sequelae,
especially, neurosensory hearing loss[14]. However, no further examinations
and follow-up were performed beyond birth and burden of hearing loss
was not explored. cCMV infection is an important cause of hearing loss
and better strategies to detect children at risk of this complication in LIC
should be developed.

Maternal CMV IgG seroprevalence in this study was 100%. Immune status
of mothers in our cohort prior to pregnancy was unknown. In these cases,
isolated detection of CMV IgG or detection of specific IgM AB are inadequate
single measures to diagnose maternal primary infection®. Estimates
suggest that around 75% of all cCMV cases in industrialized countries
occur in babies born to women with non-primary maternal infection (those
women who are CMV seropositive before pregnancy®® ®** and the risk of
intrauterine transmission has been estimated at 1% in CMV-seropositive
mothers[14]. IgG CMV seroprevalence in developing countries is generally
over 90% by adolescence and over 95% by early adulthood™ and it has been
demonstrated that the incidence of cCMV infection is parallel to maternal
seroprevalence® suggesting that most of cases of vertical transmission
of this virus result from non-primary maternal infection and may be due
to reactivation of latent virus or reinfection with a new cytomegalovirus
strain®®*®***, This is the reason behind the current recommendations issued
by The International Congenital Cytomegalovirus Recommendations Group
of not conducting universal serological screening of pregnant women for
primary CMV infection®.

Maternal infections with B19V, CMV and EV have been associated with
intrauterine foetal death®. This study did not focus in cases of abortion
and only one stillbirth was registered during recruitment, which limits
our capacity to associate them to the aforementioned pathogens. Our
findings suggest a low prevalence of B19V and EV infections in Southern
Mozambique. No B19V congenital infection in newborns was found in
this study. To our knowledge, no prospective screening of congenital
B19V and EV infections among neonates in developing countries has
been conducted to date. A South African study exploring prevalence of
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B19V infection among pregnant women found 20 asymptomatic neonates
born to IgM positive mothers, although no samples from newborns were
obtained[66]. Different African studies on maternal B19 V seroprevalence
found 1gG AB between 24.9 and 80% and IgM between 3 and 19%°*".
Unfortunately, maternal seroprevalence was not performed in this study
and further research should be done in order to know the real burden of
congenital B19V.

Similarly, all babies were negative for EV and maternal seroprevalence
studies were not performed. Data on incidence and consequences of EV
during pregnancy and clinical outcomes are globally scarce. Case reports
and small case series have suggested that EV infection may cause foetal
loss, and maternal infections during the 2nd and 3rd trimester may also
lead to in utero foetal anomalies and death, but also to severe neonatal
infections®. However, no prospective studies investigating EV maternal
prevalence and risk of transmission have been conducted.

The few and unspecific anatomopathological findings documented in this
study, consisting on an accelerated placental maturation, could have resulted
from a variety of causes, including maternal preeclampsia or other states
of maternal vascular underperfusion, or, more likely in our setting, due
to malnutrition or infectious such as HIV or malaria. However, the lack of
ovular membranes and umbilical cord in placental samples did not allow
ruling out possible infections of these tissues.

Our study has several limitations. First, diagnosis of cCMV through DUC
specimen is a methodology not recommended for neonatal CMV screening,
particularly as urine and saliva have been demonstrated to be the most
reliable specimens ***. The use of NPA for cCMV has not been validated
and this specimen could be contaminated by maternal secretions contained
CMV, overestimating cCMV prevalence. However, a similar issue occurs
with saliva samples, since the risk of contamination of saliva samples with
breast milk exists. We however chose to use RT-PCR methods, with known
good performance, in those samples available from the study, both because
the kind of samples and the molecular screening techniques could be a
good approach to study several viruses simultaneously. Further studies
to validate these particular specimens for cCMV diagnosis would help to
know their specificity and positive predictive value, and shed a light on why
an important number of samples provided invalid results. Second, further
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follow-up and additional investigations beyond six months of life were not
performed and hearing impairment, which is frequently progressive and
usually develops later during infancy, was not measured, leading to a potential
underestimation of CMV- associated morbidity. Third, the study lacked
sufficient statistical power to detect independent risk factors associated to
higher risk of congenital CMV, B19V and EV infections given the small sample
size, and the few positive results. Additionally, it is known that both, B19V
and EV show seasonal or even epidemic patterns’™ ”. Considering that the
epidemiology of these viruses in unknown in Mozambique, we may have
failed, during the short study period, to capture natural transmission of
the pathogens. Finally, B19V and EV were only assessed in dried umbilical
cord samples at birth and maternal seroprevalence of these viruses or
their presence in other fluids as amniotic fluid was not performed. Then,
correlation between burden of maternal infection and vertical transmission
of these viruses is not known and their prevalence in this cohort could be
underestimated.

In conclusion, despite the small sample size and the use of non-standard
specimens, this study demonstrates that the prevalence of vertical
transmission of CMV may be high in southern Mozambique, although
further research is needed to assess its clinical relevance in this area.
Larger studies should demonstrate the real limitations and validate the
real limitations and potential use of NPA specimen for cCMV diagnosis.
Congenital B19V and EV infections seem to be less prevalent in this area.
Further research to evaluate the consequences of vertical transmission of
these viral infections in resource-constrained settings is needed.
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Hypoglycemia and Risk Factors for Death in 13 Years of Pediatric Admissions in Mozambique

Lola Madrid.* Sozinho Acacio, Tacilla Nhampossa, Miguel Lanaspa, Antonio Sitec, 36nia Amds Maculuve,
Helio Mucavele, Lloreng Quintd, Betuel Sigadque, and Quigque Bassat
Ceniro de favertigogio em Soide oe Manhiva, Mopue, Mezanbigee; Barceloma Tastitnie for Clebal Healih, Borceloar Centre
Jor Inermarioral Health Research, Hospial Clindc Universing de Barcelora, Baroelona, Spain;
Trstimue Noclonal de Sodde, Ministey of Healvh, Moapiw, Mozambigpee

Abstrace,  Hypoglycemia is a life-threatening complication of several discases in childhood, We describe the prevalenos
and incidence of hypoglycemia among admited Mozambican children, establishing its associated risk factors. We retro-
spectively reviewed clinical data of 13 years collected through an ongoing systematic morbidity surveillance in Manhica
District Hospital in rural Mozambique. Logistic regression was used to identify risk factors for hypoghyeemia and death.
Minimum community-based incidence rates (MCBIRs) for hypoglyeemia were calculated using data from the demo-
graphic surveillance system. OF 49089 children < 15 years hospitalezed in Manhiga District Hospital, 45,573 (92.8%) had
a glycemia asscssment on admission. A total of 1478 children (32%) presented hypoglyeemia (< 3 mmol/L), of which
about two-thirds (972) were with level < 2.5 mmobL. Independent risk factors for hypoglycemia on sdmission and death
among hypoglyvecmic children included prostration, unconsciouwsness, edema, malnuirition, and bacteremia, Hypoglyoemic
children were significantly more likely 1o die (odds ratio [OR] = 7.00; P < 0.000), with an associasted case fatality rate
(CFR) of 19.3% (245/1.267), Overall MCBIR of hypoghycemia was 1.57 episodes/1IN0 child years at risk {CYAR), sig-
nificantly decreasing throughout the study period. Newboms showed the highest incidences (947 episodes/] 000 CYAR,
P 0000 ). Hypoglycemia remains a huardous condition for Afncan children. Symptoms and signs associated 1o hypogly-

cemia should irigeer the verification of glyeemia and the implementation of lifc-saving cormective measures.

INTRODUCTION

Critical illness seriously deranges metabolism in children
and adulis"™ Alerations in blood ghicose homeostasis arc
the most common metabolic abnormalities found in critically
ill children,* and both h - and hypoglycemin are associnted
with poor outcomes.'~* Hyperglyeemia in eritically ill paticnis
s an adaplive response 10 stress related o hypovolemia, sur-
gery, sepsis, or trauma™® The prevalence in tropical seitings has
been extimated between 29% and 105%™ and its presence
on admission is asociated with morialit.' ™" Insulin therapy is
the treatment of choice, but 5 often unavailable in resoume-
constrained seilings and can abo cause iatrogenic hypoghoe-
i, pestentially more harmiul than sustained hyperglyeemia,

Om the other side of the spectrum, hypoglycemia is also a
common and life-threatening compleation of several dseases
such as severc malaria, bacterial sepsis, scvere malnutrition,
and neonatal illness, among others."' ™ Hypoglycemia has
been extensively reported 1o have important influence on the
outcome of very il patients, both children and adulis,™ ™7 In
Alffrica, its prevalence among pediatric admissions has been
estimated io range between 18% and 73%.™" Use of woxic
herbal preparations and delays in secking medical assistance
miay all cause or further ageravale hypoglyeemia in these sel-
tings. Severe and prolonged hypoglyoemia can result in mental
retardation, neurological deficiis, and recurrent seizures, "™
Management of hypoglyoemin acconding 10 World Health
organization (WHO) guidelines'' includes rapid adminisira-
tion of exogenous ghoose, preferably through an intravenous
access, In the deveboping world, hypoglyeemia remains an
insulficiently recogmized killer of children, as it is seldom ding-
nosed and whenever detected, ofien poorly managed mainky
becase of the lack of simpde equipment or traimed stall,

* Address oo oo 1o Lols Madnd, Centro de Iavestigagio
em Saide de Manhica H:'IE.\'!}, Fua 12, Cambeve, Vila de Manhig,
CPI929, Mapuio, Mozamiigue, E-maik lolamadridesghobal org
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We analvred data collected throughout 13 consecutive vears
of sysicrnatic morbidity surveillance among children admitted
1o 2 rural Mozambican hospital to determine prevalence, inci-
dence, and risk factors associated with hypoglycemia on
admission and mortality in those children,

MATERIAL AND METHODS

Smdy she and population. The study was conducted in
Manhiga in southern Mozambique. The Manhiga Health
Research Center (CISM) runs a demographic surveillance
system (DES) in the arca and a morbidity surveillance sysiem
(M55} at Manhiga District Hospital (MDH)., which admits
arcurd 3000 children annually. Malaria, preumonia, diarrhea,
malnutrition, and neonatal pathologics are among the main
causes of admission and under-five monality in Manhiga,™
where human immunodeficiency virus (HIV) prevalence is
among the highest in the world™ A detailed description of
MIYH, CI5M, and the study area can be found chewhere,™
CISM provides personnel as well as valuable resources and
laboratory dimgnosis to MIH,

Study design. We present a retrospective analysis of data
collected through the Manhiga M3S from children < 15 vears,
who were admitted to MDH during a 13-vear-long stady
period (20001-2013),

Huospital surveillance system. A standardized admission
questionnaire, which includes demographic, chinical, kabosa-
tory, and outcome data. was filled in for all hospitalized chil-
dren < 15 years of age by a clinician. On arrival, a linger-prick
bood sample was collected o measure packed cell volume
(PCV) and blood gleoose concentration, and thick and thin
Mood films were prepared to quantify Ploserodiven flcirarien
parasitemia. Blood culures were systematically performed for
all children under the age of 2 years, or in obder chikdren with
clindcal severity, as pant of the routine microbiokogscal surveil-
Lance in MIYH.

HIV stais information was nod routinely collected. On
discharge or death, up 1o four final diagnoses—based on the
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International Classification of Discases 10 —were recorded
on the questionnaire after review of all available results.

Laboratory methods. Glyeemia was determined using Accu-
Chek®™ (Roche Inc., Manheim, Germany) at the bedside, with
blood being usually collected by finger prick. Glycemia results
were provided cither in mmol'L or mg/dL units. To simplify
the analysis, all mafdL values were converted imto mmolL by
multiplying them by 00555, PCV was measured using a
microcentrifuge and a Hawksley hematoorit reader cand
{Hawksley and Sons Lid., Lancing, United Kingdom). Thick
and thin bleoad films for malartn diagnosis and blood culiures
were processed as previously deseribed ™

Chinical dcefinitions. All case definitions were based on
admission data from the standardized gquestionnaires. Children
were categorized imo three groups sccording 1o blood ghoose
levels: 1) hypoglycemia blood glucose levels < 3.0 mmolL
(catcgorized as severe il < 2.5 mmol/L), 2) hyperglycemia:
ghyoemia > 11 mmolL, and 3) normoglyoemian: values betwesn
3 amd 11 mmel/L.

A malaria case was defined as a child admimed with a
clinical dingnosis of malaria with a P falciparwm ascooual
parasitemia > 0 parasites/pL. Prosiration wis defined as the
inabality 1o =it unsupported or breast-feed in children not ver
capable of sitling. Impaired consciousness was defined as a
child having a Blamyre coma score less than 5. Severe anemia
was defined as a PCV < 15% on sdmission. Hypothermia was
defimed as axillary temperature < 35°C, Increased respiratory
rate Tollowed age-specilic WHO definitions."! Respiratory dis-
tress included the presence of deep breathing or indrawing.
Mutritional status was based on weight-forage 2 scores (WAL),
cakeulated wsing the least mean square method and the WHO
and Centers for Discase Control and Prevention growth
charts.™ Malwutrition was defined il WAZ was = —1 and
severe milnutrition as WAZ of < -3,

Case mansgement. Children with hypoglveemia were man-
aged according 1o Mozambican national guidelines, based on
the WHO guidelines," which recommend a rapid intravenous
correction with 5 mLkg of 10% glucose or dextrose solution,
repeated if necessary. Ten percent dextrose in normal saline
or Ringer's lactate for maintenance infusion was used to pre-
vent further episodes, and feeding encouraged as soon as pos-
sihlez, Faciliies for intensive care are not available ar MDH,
All chinical assistance and treatment of admitted children is
free of charge. Children requiring specialized care were trans-
ferred 10 Maputo Central Hospital

Dats munsgement and statistical methods, All admission
questionnaires were double emered using a program written
in FoxPro version 5.0 (Microsoft Corp., Scattle, WA). Statistical
analyses were done with Stata 130 (Siata Corp., College
Stavion, TX).

Minimum community-based incidence rates (MCBIRs) for
hypoghcemia were calewlated referring cases to population
denominators cstablishing time at risk (child years at risk
[CYAR]) inferred from the DSS, Chikdren did not contribute
1o the numerator or denominator for a period of 28 days after
cach episode of hypoglyeemia or when they were outside the
study arca, The analyvss of MCBIRs only 1akes into acoount
children with a permanent identification number msued by
the demography department allowing the linkage of their
demographic data with the morbidity surveillance. Children
not living within the study area were excluded for incidence
calculations, Megative hinominl regression models with mn-

dom clfects using likclihood ratio test were used 1o assess
differences in incidence rates between calendar years and
age groups.

Case [atality rates (CFRs) were calculated for different
glycemin levels as the number of patients who died with a
specific glycemia level divided by the total number of
patients with known outcome admitted in the study period.
These CFRs represent in-hospital mortality and do not
inclede patients absconding or being transferred.

Cualitative variables were compared using a ¥ test or
Fisher's exact test, Means of normally distribited variables
were compired using the Student ¢ test or analysis of variance.

Multivariate logistic regression was used to investigate 1)
adjusted associations lor potential risk factors for hypoglyeemia
on admision and 2) adjusted associations for potential risk
factors for hypoglycemia-related deaths, In the second analysis,
given that the dependent variable was the final oulcome
(deadfalive), only children with a known oulcome were
incheded in the analysis (those abscomding or being trans-
ferred were excluded). P values from analvees performed in
large samples may be confounded because of their depen-
dence on sample size and may reach the significance level
even when the association i negligible. Thus, significant
associations will be interpreted in accordance with the effect
size (odds ratio [OR]) and will be classified as small (< 2},
medium (2-3), or large (= 3.7

Ethics. This study retrospectively assessed data collected
in the context of routine clinical practice. The morbidity sur-
veillance in place at MDH has been approved by the
Mozambican Ethics Committes. The analytical plan of this
specific analysis was assessed and approved by Manhiga's
Intermal Scientilic Commitiee,

RESULTS

During the 13-vear study period (January 1, 2000 1o
December 31, 2003), 49,089 children < 15 years of age were
admitted o MDH, including 17,115 infantz and 2,774 new-
horns, Median age on admission was 13 months (interquartile
range [IOR] = 8-35). Glycemia results were available for
45573 (928%) children (Figure 1) and in-hospital outcome
information was missing in 4,013 (8.2%) cases, Children with-
owl gheemia data were excluded from the analysis.

Prevalence of dysglveemin. On admission, 147845573
(3.2%) children had hypoglycemia, two-thirds of these epi-
sodes (U72; 2.1%) being severe. Hyperglycemin was detected
in TTNA55T3 (1.7%) pavients, By age group, hypoglycemia
prevalence was the highest among newborns (B8%), but
present in all ages. Hyperghycemia was low and present in all
age groups (Figure 2).

Clinical presentation and CFR of chiliren with hypoghy cemin
admitted (o the hospital. Table 1 compares some key charac-
tenstics in children with hypoglycemia and normoglycemin.
A significantly higher proportion of the patients with hypo-
glveemia were newhborns, but median age was not significantly
differemt between the two glycemia groups. Children with
hypoglyeemia were significantly more prone o refer feeding
difficultics, have hypothermin, or neurological impairment
than their normoglycemic peers. They were also significamly
more malnourished, with lower mean weight and WAZ
seores. and, more requently. severely anemic or bacteremic.
Vomiting and diarrhea were not associated with having more
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A9k Chikiren <15 years of age sdmitted at
Manhia's District hospita] during study period
{Jam, 2000 -Dee, 2013)

A5 573 (92.8%) children with a glycemia
determination performed on admission

-\-‘-_““--.\_

_H'"FFFFH-F-
43,325 [95.1%) children 2244 [4,9%) chidren with
with normoghycemia abnormal glycemia
/H“"'-\-.._
) f-# -\\"\_\_‘\H\\
1478 [3.2%) childeen with hypoghycemia:
0l ™ =506 (34 2%) Cilyeemia = 2.5 and<3mmol 1. ;ﬁmm
a2 * =072 (63 8% Cilyeemia < 2 SmmalL
Fouke 1. Swudy prafile.

hypoglyeemin on admission, The odds of dying in the hospital
were higher among hypegliyeemic children (OR = 7.01, %5%
confidence imerval [C1) = 6.11-827; associated CFR = 193%
versus 3.3%, P« 0000 ). Figure 3 summarizes CFRs by cale-
gorized plveemin. CFRs increased with decreasing glveemia,
peaking at 33.3% in patients with values < | mmol/L. Impor-
tantly, CFRs ako rose significantly for patients with hyper-

ghoeman (esociuted CFR = 12.1%, P < (001, when compared
with CFR of normoglyoemia).

The multivariate analysis showed nine risk factors inde-
pendently associated with the presence of hypoglycemia on
admigsion (Table 2). History of scizures, unconsciousness,
relusing o [eed, malnuteition, edema, joundice, prostration,
B flciparsen infection, and having a positive hlood culture
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Tame |
Univariate analysis of clinical varialdes and deagnosis according 1o glycemia grouge

Vbl ormoghoessa (N = 41325) Hiyponelyoesia (N = LATE) OR and %% 1 e
Sacindemographic chamoteristics
Age in months {median, 10R) 17 {8-34) 21 (8=37) 110 T
Mewborn, m (%) 2304 (5.3) 226 (15.3) A (2774 = Ll
Male, (%) 23,249 (5L.T) B4l (37,00 114 (103-1.27) LEUE)
Svmploms belore admission
Fever. n (%) 39,685 (91.5) 1207 (81.7) 041 (036-047) = LK
Cough, o (%) 78,479 (65.6) £25 (55.K) s (0600173} < L
Vomalmg. s (%) 10,134 {23.4) 361 (24.5) LA {04120 032
Diisrrhea, m (%) 9,326 (21.5) 308 (20.8) 01096 (084 1.00) 0,52
Difficulties by breast-feed‘anorexia, n (%) 5291 (11.5) 0 (ML 1) 276 (245-3.12) < L0
Sciures, o %) F456 (8.1) 211 (14.3) 190 (164221} = W
Anthropometrics
Weight in kilogram (mean = 5D 103 (5.9) Q6 (59) 0.8 (0497-0.99) < L1
Malnutrition (WAZ < -1}, n (%) 24,111 (35.7) Q8 (B1.4) 127 (114-1.41) = LN
Severe malnuatrition (WAZ < =3}, n (%) 5584 {14.6) 253 (19.4) 1.41 {1.22-1.62) < L0
WAL scorc (mcan = SD) =141 {1.5) =176 (14) L17 (1L13-1.22) = Ll
Sympioms snd signs on admission
Axillary lenperature (C) (mean = SD) 379{1.3) 376 (1.5) 086 (0 83-0.50) < i1
Hypothermia {axillary semperature < 35°Chon (%) I 206 (1.8) TAL (50612000 = i
Respiratory rate {mean + S0} 455 (15.2) 470 (18.5) 1AM {00100 < L
Increased rospiratory rate. i (%) 24211 (55.9) B34 (56.5) LA {D42-1.14) a7
Respirntory distress, n (%) 9373 (21.T) 427 (F.0) 147 (1.31-1.65) = L0
Dehydration, n { %) 6,935 {16.0) 293 (19.K) 1.29 {1.14-1.47) < L0
Pallor, i (%) 1. (18.0) 3 (21.4) 124 (108-1.41) = W
Jaundice, m (%) 6I3 (1.4} S5 (3T) 269 (200=3.57) < el
Edlema, m %) 2078 (6.2) 134 (9.0) 151 {1.26-1.K1) < L1
ST neck, m (%) 359 {0 2000(14) 148 (094-2,13) s
Prostration, r (%) 6,613 {15.3) 450 (33.1) 2.75 (245-3.07) < L0
BCS on admission (mean = 500 49 (0.5) 4.5(1.2) 4.10 (3.72-4.52) = Ll
Uncomsciousness (BCS < 510 (%) 2,270 (5.5) 280 (19.7) 442 (3A5-5.06) < L1
Deep coma (BCS < 2}, n (%) B3 (1.6) L (2.9) 6.77 [5.61-E.17) < L0
Imvestigation
Plasmandium falciparum malaria, n (%) 22,186 (54.4) TG (56.2) 1407 (096120} 021
HIV. & (%) 1220 12 (27.9) 073 (D37-1.45) 037
Severe ancmia, n (%) 1,653 (4.2) T7(65) 159 (1.26-2.02) = LN
Positive blood culiwre. m (%) 2803 (7.9) 177 (14.8) 202 (1.72-2.38) = Ll
Clinical severe pneumonin (WHO criteria), o (%) 9,904 (23.0) IT0(25.1) L12 (100-1.27) L)
Ouiconse
Length of admission (mean = 50¥) A8 (5.8) S0 (B0) 100 (DA39-1.00) 021
Died, m (%) 1, 307540,063 {3.3) 24571 267 (19.3) 711 {6.11=8.27) < L
Eh coma wwore: U1 = confibenos el HIV = b chelucacay verin, HIR = be raspe O = ik rathoc S0 = standand devisos: WHI = Workd Health
e WAL & wikghitdnrags 7w

iamoe: Povalisg of the [ [sring wh
* Mllprue Wiy 1eat for the dellierence of twn meSans

were all associated with hypoglycemia, while a history of
cough was protective against it All identibied actors showed
small effect site (OR = < 2 for all risk factors and OR = = 0.5
for history of cough), excepl unconsciousness, whose effect
stz was medium (OR = 2,13, 95% Cl = 166, 2.72).

Risk factors for death in children admitted with
hypoglycemia., OF the 1,267 children with hypoglycemia on
admission and outcome results, 245 died, vielding an overall
CFR of 193%. Independent risk factors for death in children
admitted with hypoglycemia included anorexia and malnuiri-
tion with a small effect size (OR = < 2), prostration and edema
with medium effect size (OR = 2-3), and unconscionsness,
oral candidiags-positive blood culture, and respiratory distress
with large elfect size (OR = > 3) (Table 3).

Mindmum incidence rates. Overall MCBIR
throughout the study period was 1.57 episodes/] 000 CYAR.
MCBIR trends for hypoglycermia in all pediatric age groups
during the 3-year-long study period are shown in Figure 4,
MCBIR peaked at 3.7371,000 CYAR in 2000 (first year of
the study) and significantly decreased subsequently. reaching
the nadir in 2013 (050000 CYAR: P < (U001 ), MCBIR were

by wsd Bypoglyacmib childien on adm g,

significantly higher in newborns (9.47 cpsodes'] 000 CYAR)
than in any other age group (F < 0.000; Table 4),

DISCUSSION

The MSS ongoing at MDH, in rural Mozambique, has
allowed us to retrospectively review the prevalence of hypo-
glycemia in nearly 500000 pediatric admissions, spanning
across @ | 3-year-long pericd, This is perhaps the largest series
exarnined in the developing world for the occurrence of this
common (32% of children in this serics) albeit insuflicienily
highlighted life-threatening complication. A stdy performed
in an urban referral center in Mozambique two decades ago™
showed a higher prevalence (7.1%), similar 1o the studies
conducted in a rural Kenyan hospital” and in a Nigerian pedi-
atric emergency ward ™ Other more recent studies in o high-
malaria-endemic area in Mali™ or among febrile children in
Tanzania'™ have shown hypoglycemin prevalence similar to
this study. More important than its frequency, its associated
martality risk needs 1o be overemphasized. Indeed, in this
series, a fifth of all hypoglycemia cases on admission ended
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Fiume 3, Case fatality rates (CFRs) according 1o glyoemia bevel.

up in death. Although it remains 1o be seen how much did
hypoglveemia contribute to cach individual outcome, it is
chear, and has robustly been showm, that hypnggm:mia
carrics an excessive and unaceeptable risk of death ™S5435
even if detected only as a singhe episode.” ™ The CFR asso-
ciated with hypoglyeemia was lower in this cohon (19.3%)
than in other studics."** This possibly reflects variations in
case management and access 1o health care, and also relates
o the fact that no clear comsensus has vel been reached
regarding the ghycemia cutodT level at which to define hypo-
glyeemia. Indeed, different authors have proposed different
hypoglycemia threshokls, regandless of the presence or absence

of malaria in the area.”*"** To allow comparisons, simplify
guidclines, and homogenize management, the scientific com-
mumnity should align in defining a unique value. Irrespective
of the threshold wed, mortality dramatically increases with
glyeemia lower than 3 mmol/L, with a lincar and sieep inverse
relationship between monality and glyeemia levels below this
value. In our series, however, borderline valoes still carried a
worse prognosis, with risk of death doubling in children with
admission glyvcemia between 3 and 4 mmobL. when compared
with thosc with higher levels.

Of all hypoglyeemia episodes, 15.9% affected newborns, and
8.8% of all admitted newboms had hypoglyeemia, highlighting

Tante 2
Mubtivariate analysis of independent risk factors associated to hypogheensin on admission
e ol
Reink fsctors Hypogheenia (W = |AT8) 8 (%) Addjastod DR Lower Lipper P vl
Newborn 226 (15.3) L5 .56 195 08T
Male B4l (5700 L12 .96 130 43
Malnutrition (per unit WAZ decrease ) QR 1A 112 1.a7 [BE « (LW
History af fever 1,207 {EL.T) 072 .50 1402 62
History of cough H25 (554) 082 069 047 020
Hypothermin on pdmission 6 (1.8) il ] (L] 12,54 LT
History ol wizures 200 (14.3) 147 118 154 LTI
Anarexiainelusing 1o feed A0 (301 14T 1.38 i < (LW
Unconsciousness (BCS « 5) 250 (19.T) 213 166 272 « LMD
Edema 134 (0 156 117 20 (LY
Oral candidiasis 66 (4.5) 114 0.74 1.74 0550
Jaundice 55 (3.7) 1.95 ] 303 M3
Respimtory distress 427 (290 .22 ne7 154 LT
Pallar 36 (214) 1.20 .99 145 LLTL
Dehydration 292 (19.8) 004 0.76 1135 0536
Meck stiffnes H1.4) 1.0 057 177 594
FPositive bood culiure 177 (14.8) L6 1.32 209 < (L]
Plasestodtr folciparum nealaria Tih ($6.2) 129 1.IA 152 LTI
Prostration 459 (381} Lo 1.36 198 « MY

BCS = Blaiyre oo soere: Ol = confideaes istervall OR = oo falie WAZ = weighldorage Fatore.

Sigmifomnoe: Movalee of e maln il ey

Ly
* M and progortion of childres with bypoghoesis who had sevens malsurton (1. WAL < -3)
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Multivariate anahysis of independent risk Tnclors saocialed 1o morality in children with hypoglyoemia on admission
Ll |
Risk Tactoas Sor v sunoomm: L] ¥ =225 Addpimed OF Lomer Ulpper b
Mewhom 4A7245 (18.8) 01,1 n¥ 240 0977
History of fever 1EX245 (743) 052 023 1.15 LIRS
Hisory of selrnes 331243 (21.8) 1.0 (k] 198 0T
Anorexia/refusing to feed L7224 (52.2) 1.74 102 297 4z
Hypothermia on sdmiscon 117245 {4.5) 053 LT w3 LAYS
Uneorseiousness (BCS < 5) 1067245 (43.3) 310 1.75 540 = (LN
Prostration 160245 (65.3) M 130 423 s
Oral candidiass 3244 (127 R0 1.5 125 QUi |
Edema 457245 (15.4) 257 1.25 in il
Pallor TS (29.4) 140 sl 242 0225
Dehydration GTI245 (27.4) 1.0 059 150 E46
Jaundice 177245 (6.9) 243 L] EELY iz
Positive Mood cullure TAZI1 (35.6) el | 1.85 5.6l < (L
Plssodium malaria Tl (K3T4) 02 w37 104 QLT
Mulnutrition {per unit WAZ demrense) 1437245 (55.4)* 121 103 142 e
Respiratory disiness 130245 (36.7) 203 1.25 30 LU
Smiicanse. Povahe of . e oroot sty of e permbon 1 Fators st smpeebty o chiklrcs wih bypughycesia
*Sumbcr and propaslion o chidien who dicd wih hypoglyocmas ed sovere o fic., WAZ < -31

the importance of hypoglveemia in this age group. However,
hypoglvoemia also commonly alfected—and killed—children
of all ages, which justifics universal sereening for hypoglyee-
i ameang all admitted children in the developing workl.
Mest sudies describing the incidence of hypoglyeemia and
associated outcomes are based on the determination of gly-
cemia at a fixed point, usually admission. Our results are also
limited by this lack of follow-up, We probably missed chikiren
who were normoglycemic on admission, but developed hyvpo-
glyeemia subsequently, So we may be underestimating the
incidence of hypoglycemia and the OR of death associated
with hypoglyeemia occurring during hospitalization.  Simi-
larly, we were upable 1o determine bow many recurrent
hypoglyeemia episodes oocurred in our series. Few studies in
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developing countries have monitored glycemia throughout
the whaole hospitalization. This is now possible through the
inmovative use of continuous ghicose monitoring (CGM).
COGM can be performed through a subcutancows sensor that
measures the interstitial ghecose kevel—closely related 1o the
blood glucose level—every 5 minutes, uninterruptedly 24 hours
a day, and for as long as a week, COGM is slowly being intro-
duced in pedintric intensive care units of developed coun-
tries, ™™ but has not reached yet in the developing world,
possibly due 1o its high cosi.

Owr large sample size gave us suflicient power to nsscss
the association of different clinical and lboratorial charac-
teristics with the presence of hyvpoglycemia on admission or
with hypoglveemia-related mortality. Although many of such
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ity-hased incidence mtes (MCHIRs) of hypoglycemia sccording 1o year (verticnl bars indicate %5% confidence
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TanLe 4
MCBIRs of hypoglycemia among children admatted o Manhiga District Hospital, sccording 1o age group

Bais etimathons Sholel extamathons
Erchdone a
Mg groups Subech Fprodes  Thme ot enk (CFAR)  {ophades por 1000 CYAR) a5 Ol R a5y, 1 Faluc

Mewborms EER 28 295753 G447 {654, 13.71) 1 - < (W00
28 days 10 < Iyenr 42,682 nr J1A51.90 R (2,50, 4.17) 037 (0224, 0L55)

1 1o < 2 years A1 4% 170 34 26500 458 {4.20, 5.6T) 51 (034, 0.T6)

2102 3 years T4 139 EEE RN 411 {348, 455) 43 (029, DAS)

3o 4 years A8 13 EENETE & 341 (2.83, 4.10) [LEL] (023, 0L53)

4 1o < 5 years 37461 55 24 1.0 {1.30, 221) a7 (D00, 2T

510< 15 years 63,103 &2 IR BN6.07 030 {024, 0.3T) [LT1E] (0,02, 0.05)

Tostal 472 T 447 GREAZ 157 {1.46, 1.69) - - -

CYAR & child year o riks 01 = onhdencs mmierval IRR = isadencs rate ramo; ACHIES = minsmem crmmusi by-hased iscidmon rales

1 walisg e, nggative bescemis] pegepusion madel with randons o Mects s 1k oo raso s

factors have been previously described in the literature, three
major groups of factors stand oul as significantly sssocated in
our series with the risk of having hypoglycemia: 1) not being
able o feed™ (as directly reporied by the mother or as a cons
sequence of an aliered clinical condition decreasing the capac-
ity to feed [alticred consciousness or coma, ™~ ¥ prostration,
a history of scizures|k 2) malnutrition (including cdema as a
common sign typically associated with this condition): and
3) concomitant infections such as invasive bacterial discase
or P falciperies malaria, In addition, joundice was also iden-
tified as an importam risk factor for hypoglycemia, a finding
also previowsly reported in Tanzania,'*

Fasting s a recognized risk factor causing hypoglycemia in
children. ™ Druring fasting, plasma glucose levels are maintained
within narrow limits by a delicate balance between endogenous
glecose production deriving from glhycogenolysie and gluco-
neogenesis.”™ Studies performed in children with makaria have
demonstrated a relationship between fasting, hypoghycemia,
severity of disease, and mortality.™*” Conditions that decrease
consciousness may abo resull in o prolonged fasting state,
explaining the strong association found between consciousmness
level and the rsk of hypoglyeemia. However, as hypoglyeemia
per s s a cause of decreased consciousness, inlerpreting the
direetion of the associntion is nod sraightforward. Hypoglyee-
mia should, however, always be investigated in the presence
of a child unable to feed or unconscious.

The associption between malnutrition and hypoglycemia has
abso been firmly established in the pase.' ™™ In malnourished
patienis, glucese homeostasis” can be compromised in sev-
cral ways, including a lack of exogenous nuiritional intake,
decreased absorplion of disaccharides because of intestinal
willous atrophy, increased oxidative stress, or glucose uplake
compromised by intestinal bacteria. In our series, 62% of all
hypoglycemic children were malnourished, with 19.4% being
severely malnourished, Kenyan” and Tanzanian'® studies had
already shown a strong association between severe malnutri-
tion (WAZ < =3) and hypoglycemia, but not with WAZ < =1,

The association of Eyg@l}mm with bacterial sep-
sis I o malaria ™ s abso well documented. Our
series also support these associations, as risk of hypoglyeemia
was incrcased by 88% among bacicremic patients and by
30% in malarig-infected patients, In bactenal disease, hypo-
ghoemin has been anributed to a series of factors, including
high circulating levels of cylokines such o umor necrosis
factor and interleukin-6, both powerful stimulators of insulin
secrelion, which can then cause among other things inhibi-
tiom of the glucomeogenic pu1hwu}s.‘" Decreased levels of

ghyeemia secondary 1o the comsumption of glucose by the Ples-
modinm parasite, hyperinsulinsm caused by quinine, impaired
gleconeogenesi=, and lack of adequate supplementationforal
intake are possible explanations in malaria, 5404

Independent risk factors associated with hypoglyeemia mor-
tality arc similar to those found associated with the risk of
hypoglycemia. Again. factors related to feeding difficulties or
the presence of a dinical condition hindering feeding (uncon-
sclowsness, prostration, respiratory distress), malnutrition, and
concomitant severe infections (in this case only bacteremia)
were all ggnificantly and independently associated with a
higher odds of death among patients with hypoglycemia, In
these patients, the multivariate analysis also identified edema
and oral candidiasis as important prognostic factors. The
wssocition between mortality and these factors has not been
propery described in the Hieratare, but it i likely that edema
i assocaated with kwashiorkor (protein-deficient malnutrition)
and oral candidiasis is a proxy of HIV coinfection, highly
endemic in the Mnnhiﬁa area”™ and highly prevalent among
malnourished paticnts.”

Regarding hyperglycemia, we found a prevalence of 1.7%,
and a significantly higher associated CFR (12.1%, P < 0.0D01)
when compared with mnmugl:m:nﬁi. (iher studies in similar
settings have shown similar’ or higher™ prevalence rates,
Hyperglycemia is an insufficiently well-known risk factor for
death™ in the developing world, and efforts for its early detec-
ton and cormection should parallel these devoted to hypogly-
cemia. Glucose variability has recemly emerged as a new
concepd and is considered 1o have important influence on the
outcome of critically ill patients**** and possibly cause more
harm than sistwined hyperglveemin. More studies are required,
using CGM, to specifically address this ssue.

We report for the first time MCBIRs for hypoglyecmia
in sub-Saharan Africa. Owerall MCBIR throughout the
study period were 1,57 episodes/] 000 CYAR, peaking at
373 epmodes/LLO0D CYAR in 2001, underscoring the high
burden of this particularly dangerous complication. Reasons
for the decreasing trends observed throughowt the study
period sl need 1o be clarified, although we could hypothe-
size a better and earlier acoess 1o medical care or lower inci-
dence of malaria and'or malnutrition in the last years in the
study area. Newborns showed the highest incidence rates of
hypoglyeemia, underscoring the need to carefully follow this
complication in this particularly vulnerable age group,

Hypoglycemia is a silent and under-recognized killer of
Aldrican children and needs o be properly exposed because
the comrection of hypoglycemia is simple and has rapid effeas
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on the health of the child. However, in resource-constrained
seltings where dextrose infusion is not readily available or is
operationally challenging. other alternatives to intravenous
administration should be investigated and promoted to cornect
hypoglycemia in children unable to feed. In this respect, sub-
lingual sugar or preprepared dextrose gel appear as promising
treatments for the prevention and cormection of hypoglyeemia
in children with hypoglycemia™

O study had several limitations. There are concerns with
the accuracy of commercial finger-prick blood glucose assays.
Advances in glecose meter technology have resulted in sig-
nificant improvement of accuracy and precision of meters
However, those meters are nod available in developing coun-
tries due 1o higher cost. Another limitation is the wse of the
glucose meters instead of a laboratory serum or plasma glu-
cose concentration to measure ghyeemia. It is known there
are physical differences between the glucose concentration
in scrum or plasma and the glucose from capillary blood,
but formal laboratory determination was not available in
our seitings. Unfortunately, study subject only had one deter-
mination of glycemia measured on admission, and we were
unable to know il any recurrent hypoglyoemia episodes ooourmed
in our study. Because there i no universally applicable defi-
nition of hypoglycemia, we used the threshold established by
national guidelines. Differem ghycemin cutofl evels could modify
e results,

CONCLUSION

Hypoghycemia is a common complication of many comdi-
tions causing hospitalization in Mozmmbican children and is
associaled with unacoeptable adverse outcomes, In setlings
similar to Manhiga, all admitted children should be screened
for hypoglycemia and aggressively managed when found 1o
be hypoglyeemic. A angle determination on admission is not
enough. and glveemia should be recurrently screened during
hospitalization. Better, cheaper, and more innovative diag-
nostic and therapeutic allernatives need 1o be urgently inves-
tigated to better address the consequences of hypoglyeemia
in developing countries,
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ABSTRACT
Background: Although the burden of post-discharge mortality (PDM) in
low-income settings appears significant, no clear recommendations have
been proposed in relation to follow-up care after hospitalization. We aimed
to determine the burden of paediatric PDM and develop predictive models
to identify children at risk of dying following discharge.
Methods: Deaths after hospital discharge among children aged <15 years
in the last 16 years were reviewed in an area under demographic and
morbidity surveillance in Southern Mozambique. We determined PDM
over time (up to 90 days) and derived predictive models of PDM using
easily collected variables upon admission.
Results: Overall PDM was 3.6%, with half of the deaths occurring in the
first 30 days. One primary predictive model for all ages included young age,
malnutrition, history of diarrhoea, clinical pneumonia symptoms, prostration,
HIV and/or malnutrition associated symptoms, bacteraemia, positive HIV
status, rainy season and transfer or absconding, with an area under the
curve (AUC) ~80% during the whole follow-up. Alternative models for all
ages including simplified clinical predictors had a similar performance.
A model specific to infants <3 months identified as predictors: being a
neonate, low WAZ score, difficulty breathing, hypothermia or fever, oral
candidiasis and history of absconding or transfer to another hospital, with
an AUC ~80% during the 90-days of follow-up.
Conclusions: Death following discharge is an important although poorly
recognized contributor to child mortality. A simple predictive algorithm
based on easy-to-collect variables could readily identify most infants and
children at high risk of dying after discharge.

KEYWORDS
Post-discharge mortality, child mortality, low-income countries, predictive
models, post-discharge follow-up.

KEY MESSAGES BOX

e Post-discharge mortality is as high as inpatient mortality in African
rural context.

* Young age, malnutrition, history of diarrhoea, clinical pneumonia
symptoms, prostration, HIV and/or malnutrition associated symptomes,
bacteraemia, positive HIV status, rainy season and history of absconding
or transfer to another hospital were predictors to identify children <15
years with higher risk of dying after a hospital admission.
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* Being a neonate, low WAZ score, difficulty breathing, hypothermia
or fever, oral candidiasis and history of absconding or transfer to another
hospital were predictors to identify children <3 months with higher risk
of dying after a hospital admission.

e Simple predictive algorithm based on easy-to-collect variables could
be applied at hospital discharge and children at risk of dying could be
identified through their use. This could allow designing a better post-
discharge planning, health education to the families and follow-up care.

BACKGROUND

The last 25 years have witnessed a significant (56%) reduction in under-5
(US) child mortality*. This decreasing trend has been observed in all regions,
with great advances in Northern Africa, Eastern and Western Asia and
Latin America. As positive as these trends may appear, many low-income
countries (LIC), and particularly those in Sub-Saharan Africa, have failed
to meet the two thirds reduction objective set by the fourth millennium
development goal’.

In the last decades, algorithms for diagnosis and treatment of sick children
have been developed by policy makers in order to address the management
of disease during the acute phase. Their wide implementation by health
providers have contributed to improve child survival®. Such guidelines and
recommendations, however, have historically failed to address the days
immediately following hospitalization, a critical period for child survival4.
The fragility of the health system and scarcity of the health force in LIC, the
unaffordable high costs to provide care for acute illness and the generalised
lack of awareness about the burden and implications of post-discharge
mortality (PDM) by health care workers®*® partly explain this neglect.

Contrary to what occurs in industrialized countries, where PDM is limited to
certain small, high-risk groups®’, children in resource-constrained countries
appear to be at increased risk of mortality following hospitalisation for
any illness*>**, Estimates of PDM in children living in LIC vary significantly
among studies4, likely due to differences in the setting’s characteristics,
study design, target population or duration of follow-up®. Studies of all
paediatric hospital admissions some decades ago estimated risk of PDM to
range between 3.3% and 13%'>****. Studies on admissions due to malaria
found a risk of PDM of around 2.0-2.6%'* V. Estimates for other causes
of admission including diarrhoea (2.9 to 7.0%)***, anaemia (2.7-11.6%),
pneumonia (1.0-15.0%)" ** or invasive bacterial diseases (2.8%)° were
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also unacceptably high. In Kenya, PDM was 3.3-4.5% in children aged
under-15 years admitted with any disease and followed-up for one year”
and in Uganda, almost 5% of children admitted due to acute infectious
diseases died in the 6 months following discharge, with most of these
deaths occurring in the first 30 days’. A systematic review on PDM in LIC
found that history of previous hospitalizations, young age, HIV infection
and hospitalizations related to malnutrition or pneumonia were the most
important predictors of PDM4.

A rigorous follow-up of all hospital discharged children would be unfeasible
and unaffordable for resource-constrained settings’. Thus, early identification
of vulnerable children appears essential to design more targeted interventions
to prevent PDM5. Some researchers have tried to develop simple risk-
scoring algorithms5 or prediction models based on selected candidate
predictor variables associated with PDM22. However, these tools have
not been validated for global use. Improving the discharge process and
post-discharge care will be a critical step to further continue reducing child
mortality4.We therefore aimed to determine the burden of paediatric PDM
in a semi-rural area from southern Mozambique, to identify predictors of
mortality following discharge and to derive models that could efficiently
stratify children according to PDM risk.

METHODS

Study site and population

This study was conducted in Manhica, southern Mozambique, a semi-rural
setting with a predominantly young population (45% <15 years of age). In
2015, the U5 mortality rate in Mozambique was 78.5/1000 live births*, with
available data for Manhica district being very similar. The Manhica Health
Research Center (CISM) is one of the leading research centre in Africa with
a well-developed clinical laboratory which supports the Manhiga District
Hospital (MDH). CISM runs a demographic surveillance system (DSS) in
the area, and a paediatric morbidity surveillance system (MSS) has been
implemented for nearly two decades at MDH and five other peripheral
health posts, accurately capturing standardized morbidity data for 3000
child admissions per year and > 75 000 annual outpatient visits. Main causes
of paediatric admissions at MDH include malaria, pneumonia, diarrhoea,
malnutrition, and neonatal conditions*. Human immunodeficiency virus
(HIV) prevalence in the area is among the highest in the world® and, in
some areas, up to 40% of pregnant women attending the antenatal care
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clinics are HIV-infected®. Vertical transmission of HIV has been estimated
at around 9%’ and contributing 10% to the U5 mortality nationally®. A
detailed description of CISM and the study area can be found elsewhere29.

Study design and definitions

A retrospective cohort study of children <15 years discharged from the MDH
from 1st January 2000 to 31st December 2016 was conducted, using the
DSS and MSS databases. We analysed burden of PDM over three different
post-discharge time-periods: 1-30 days, 31-60 days and 61-90 days. PDM
among infants less than three months old was also analysed separately
to check whether identified predictors differed from those of the whole
cohort. Only children living in the study area and having a permanent
identification number were included. In-hospital deaths during the initial
admission and deaths in the first 24 hours after discharge were excluded.
Those readmissions of children already being followed-up did not count
as new admissions to avoid re-starting the period at risk every time. In
these cases, we used a single-discharge approach, considering the first
admission as reference admission. Post-discharge death was defined as a
death occurring more than 24 hours after and within 90 days of discharge
from MDH; community death as a death ocurring outside a health facility
within 90 days after discharge and facility death as a death ocurring at any
health facility within 90 days following discharge from MDH. Chidren dying
during a readmission within the follow-up period were considered as a
hospital death within follow-up (supplementary figure S1). Other relevant
definitions may be found in supplementary table S1.

Morbidity surveillance system

Morbidity surveillance data routinely collected for all children less than
15 years during the study period were analysed, including clinical data
(medical history and physical examination), basic laboratory investigations
(including malaria microscopy, haematocrit and glycaemia), ICD-10 based
diagnoses, outcome and medication prescribed. For admitted children,
blood culture results, systematically performed for all children under 2 years
and, in older children, in the presence of severe symptoms or according to
the admitting clinician’s call, were available, and HIV status information,
although not routinely collected, was available for those patients with
suspected immunosuppression.
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Demographic Surveillance System

CISM has been conducting demographic surveillance since the year 1996,
covering an increasing proportion over time of the Manhiga District, and
now covers 2380 km2 and a total population of ~183 000 inhabitants. During
periods in which the entire district was not covered, analysis has excluded
inpatients not part of the DSS. Through a unique identifier number, DSS and
MSS databases can be linked. Data collected in the Manhiga DSS, updated
through two annual rounds, includes household and individual variables,
socio-economic status, vital data, migration, health history, cause and date
of death, among others.

Data management and data analysis

Questionnaires were double-entered on site into databases using Foxpro and
OpenClinica software. Both entries were compared and discrepancies resolved
by referring to the original forms. A survival analysis was performed to model
events within 90 days of discharge. The discharge date+1 day was used as
date of entry to the study whilst post-discharge death, loss to follow-up or
end of follow-up period (90 days after discharge) were used as the exit time.
For each variable with a high proportion of missing values but suspected to
be a strong confounder, a “missing” category was created. In order to achieve
the study objectives, we split the data analysis in two parts: a) Determining
burden and identifying associations: Descriptive statistics were calculated for all
explanatory variables. Kaplan-Meier (KM) curves for all categorical predictors
were produced to look for differences in survival with different values of the
predictor. Associations between potential predictors and risk of death after
discharge were explored in univariable Cox regression models. b) Selecting and
validating predictive models: The dataset was randomly split into two subsets
(training set containing 80% of data and the validation set with the remaining
20%) which were then compared to confirm that there were no important
differences between the two subsets. A univariable analysis using the training
set was performed as explained above. Those predictors showing evidence
of an association (p-value <0.05) with the outcome in this univariable analysis
were selected for potential inclusion in a multivariable Cox regression model
(primary model). Those variables with the highest p-value were removed from
the multivariable model one-by-one in a backward stepwise approach until
all p-values were <0.05. Three additional models were also examined based
on their suitability for different contexts: model 2), which uses the primary
model as reference, but includes only variables with minimal costs; model 3)
based exclusively on clinical variables collected on admission; and model 4)
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predictors of PDM restricted to infants <3months. The area under the curve
(AUC) was plotted for each model over time using the training set. Within-
child clustering of repeated admissions during the study period was taken
into account when assessing strengths of association. Analyses used Stata
Statistical software (Release 15). Graphical representation of AUC curves was
done in R (R Core Team; 2017) using the survivalROC package.

Ethical considerations

This study examined data collected in the context of routine clinical practice.
DSS and MSS ongoing in the study area have been approved by the National
Ethics Committee of Mozambique.

RESULTS

Overall characteristics of study population

From 1st January 2000 to 31st December 2016, 58 990 inpatient records
were checked of which 29 574 (50%) were initially excluded (figure 1). 3097
observations of children living in study area readmitted within follow-up
(supplementary figure S1), hospital deaths (2.5%, 662/26 319 of remaining
children) and 25 deaths in the first 24 hours (<0.1%) were also excluded (figure
1). Thus, 25 632 inpatient records of 18 023 children <15 years old admitted to
MDH were included in the analysis. Characteristics on admission of children
included in the study are summarized in table 1. 2055 observations of 2049
infants <3months were also analysed separately (table 2). During the study
period, 7609 children (42.2%) had more than one admission.

Incidence of post-discharge deaths and potential predictors of PDM
During the 90-day follow-up period, 935 (3.6%) deaths were documented after
discharge among the 25 632 admissions, with 783/935 (83.7%) occurring at
the community level and 488/935 (52.2%) within the first 30 days of discharge.
The median time to death was 28 days (IQR 11-53). The risk of post-discharge
deaths varied over time (figure 2A and supplementary figure S2) and by age
(figure 2B). Overall, there was an increasing trend in risk until 2010, the year
with the highest rate, followed by a progressive decline until 2016.
Forty-five variables were tested for their univariable association with PDM.
The Kaplan-Meier survival curve according to age group revealed that infants
<3months were more likely to die than older children (figure 3A). Similarly,
poorer nutritional levels were clearly linked to PDM (figure 3B). Other variables
associated with higher risk of PDM in the univariable analysis may be found
in table 1.
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Table 1. Socio-demographic, clinical characteristics and univariate analysis of
predictors at admission associated to post-discharge mortality in southern Mozambique
based on 25632 observations and 935 post-discharge deaths.

Yotal Children dying
ﬂ"“:fﬂ?;:;:’ at iE:E::,m::- ag":,‘ﬂﬁ:r::, Univariate HR®*  95%C1*  pvalue®
) N=935, n(%")
Demographic
characteristics
Age <0001
<3months 2055 (8-0) 126 (61) 1:00
Ato<lyear  5203(203) 276 (53) 086 070 to 106 0164
1toSyears 14558 (56-8) 450 (3-1) 050 041 to 060 <0001
>Syears 3816(14:9) 83 (22) 035 026 to 046 <0001
Sex
Female 11571 (45-3) 425 (3-7) 1.01 0-89 to 1-15 0838
Rainy season 15624 (61-0) 602 (3.9) 116 10210133 o000
Anthropometric
characteristics
Wi::[f:;::ﬁ"} 093 (0:01) -1-99 (0-13) 063 05710069 <0001
S o
>15D' 5994 (23-4) 57 (09) 1:00
>2t0<150" 2749 (107) 35 (13) 134 08810204 0172
>3to<-250° 1486 (5-8) 34(23) 242 158t0371 <0001
<-350° 1030 (4-0) 57 (55} 5.94 41210857 <0001
Unknown 14373 (56-1) 752(52) 582 SI0m T OO0l
History of current
disease®
History of fever 23424 (91-4) 797 (3-4) 054 D4Sto 068 <0001
History of cough 16324 (63-7) 705 [4-3) 178 153t02:06 <0001
History of diarrhoea 5015 {19-6) 336(67) 236 20610269 <0001
History of vomiting 6004 (23-4) 268 (4:5) 132 115 to 152 <0001
History "'b‘:m“;:: 5303 (20-8) 298 (56) 81 15810208 <0001
Anorexia 1648 (6-5) 101 (6-1) 179 1460220 <0001
Bloodinurine 97 (0-4) 5(52) 143 059to344 0429

History of seizures 2658 (10-4) 39 (1:5) 037 02710051 <0001
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Taotal
Characteristics at chservations ?u‘::lnm;::i:: L
admission included, N= after discharge® Univariate HR* 95 % CI* p value®
25632, N \oe3s, n (%Y
(%)
Symptoms and signs on
admission
Axillary temperature [2C) <0001
"”'"'”“'“""“i;f:é; 9840 (37.0) 427 (4-3) 100
Hypothermia (<35.52C) 513 (2.0) 30 (5-8) 131 090to189  0-158
Fever (237.5¢C) 15598 (61-0) 476 (3-1) 067 05910077 <0001
Heart rate 0-647
Normal 16697 (65:5) 600 (3-5) 1.00
Bradycardia 1902 (7-5) 75 (3-9) 1-10 087t0140  0-436
Tachycardia 6876 (27-0) 259 (3-8) 1.05 090t0121 0518
Increased m"’"“:::: 11560 {45-3) 351 (3-0) 137 120t0157 <0001
Skin pinch goes back 1, (g ) 186 (9-3) 303 25810356 <0001
slowly
Dehydration 3907 (15.3) 248 (6:3) 204 17710237 <0001
Pallor 4228 (165) 141 (33) 090 075t0107 0227
Jaundice  328(1-1) 8 (2-4) 066 033t0132 0243
Oedema (any location) 1371 (5-4) 130 (8-5) 2.96 24610357 <0001
Skin flaking off 464 (1-8) 46 (9-9) 290 21510390 <0001
Depigmented or ":::: 1460(5-7) 216 (14:8) 530 45510618 <0001
Oral candidiasis 493 (1.9) 108 (21.9) 7-44 60810909 <0001
Swollen lymphnodes 827 (3:2) 113 (137) 433 35610525 <0001
Concjuntivitis 416 (1:6) 24(58) 162 108to 243  0-020
Ear discharge 641 (2:5) 57 (8-9) 2-59 1-98 to 3-38 <0001
Loveas f:d"';::: 5488 (21-4) 298 (5-4) 173 151 10189 <0001
Nasalflaring 4123 (161) 206 (5-0) 1-48 127 0173 <0001
Pathological breathing ., 159 54 (5:3) 150 110197 0004
pattern
Auscultatory crackles 5314 (20-8) 320 (6-0) 202 1770231 <0001
Wheeze/roncus 3090 (12-1) 127 (4-1) 115 09610139 0138
Heartgallop  882(34) 32 (36) 099 070to141 0972
Palpable liver 677 (26) 38(56) 1-57 1-14 10 2-18 0-006
Palpable spleen 5378 (210) 145 (2-7) 069 05810082 <0001
Neck stiffness 203 (0-8) 11 (5-4) 1:51 083t0274 0175
”I’:;'“';'::m:r} 922 (87) 70 (7-6) 155 12110199 <0001
Prostration 3261 (13.0) 146 (4-5) 129 108t0154  0-005
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Total
Children
Charactorietics ot |::T$u “Ne  within “‘iﬂ: Univariate HR® 95 % C1* value®
admission * 7 after discharge® P
25632, N=3935, n(%")
(%) '
Symptoms and signs on
admission
BCS on admission 0.047
Mormal (BCS5=5) 24320 (95-0) 270 (2-6) 1-00
Abnormal BSC (BCS=3-4) 873 (3-4) 39 (4-5) 1:26 091 to 1-73 0164
Deep coma (BCSs2) 396 (1-6) 22 (5-6) 1.57 103 to 2-41 0-037
Investigations
Malaria diagnosis <0001
MNegative 9431 (36-8) 581 (6-2) 100
Positive 12232 [47-7) 202 (1-7) 0-26 02210 0-31 <0.001
Test not done 3969 (15-5) 152 (2-8) 061 051 to 0-74 <0001
Glycaemia 0.189
Normoglycaemia (2.5- ) .
11.0 mmol/l) 21384 (83-4) 798 (3-7) 1-00
Hypoglycaemia (<2.5
mmalfl) 2413 (9-4) a3 (3-4) 0az 073 to 1-15 0471
Hyperglycaemia (>11.0
mmolfl} 1835 (7-2) 54 (2-9) 078 060 to 1-03 0-084
Blood culture
Megative 24316 (94-9) 798 (3-3) 1-00
Positive 1296 (5-1) 136 (10-5) 3-32 2-77 to 3-98 <0-001
Anaemia 0-802
Mo anaemia 8806 (34-4) 319 (3-6) 1-00
Mild to moderate
anaemia 13624 (53-1) 495 (3-6) 1-00 0-87 to 1-15 0-997
Severe anaemia 3202 (125) 121 (3-8) 1-04 0-84 to 1-28 0-709
HIV status <0001
Test not done 24128 (94-1) 867 (3-6) 1-00
MNegative 1246 (4-9) 25 (2-0) 0-55 0-37 to 0-82 0-004
Positive 258 (1-0) 43 (16-7) 497 359 to 6-88 <0001
Outcome of the
admission™
<0001
Discharged alive 24145 [94-2) 666 (2-8) 1-00
Absconded 805 (31) 161 (20-0) 818 687 to 9-74 <0001
Transferred 682 (2-7) 106 (15-8) 6-30 5121t0 7-75 <0001

*SD: standard deviation. "WHZ: Weigh-for-height.See definitions in Table 51. PIt refers both communitary deaths and
deaths in a readmission during follow-up period “Percentage represents risk among children with same
chacarteristice. ¥ HR: Hazard ratios. HR and confidence intervals were derived from a Cox regression
model *Confidence intervals, ® P-value was derived from Wald test. BCS: Blantyre coma score, *History of current
disease reported by the child carer. "Hospital deaths and deaths in the first 24h ommited.
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Table 2: Socio-demographic, clinical characteristics and univariate analysis of predictors
on admission associated to post-discharge mortality among 2055 observations of infants
less than 3 months of age and 126 post-discharge deaths in southern Mozambique.

Characteristics at
admission

Demographic
characteristics
Age
< 28 days
2 28 days to < 3months
Sex
Female

Rainy season

Anthropometric
characteristics

Weight for age-z
score{mean 150¢)

Nutrition status by
WAZ' 1-score

=150
»-2 to <-1 50"
»-3 to <-2 50"
<-350°

Unknown

History of current
disease®

Current breastfeeding
History of fever
History of cough
History of diarrhoea

History of vomiting

History of difficulty
breathing

Anorexia
History of seizures

Total Infants <
observations  3months dying
included within 90 day u"'::;“w 95%Cl*  pvalue®
M= 2055, after discharge®
n (%) N=126, n(%")
945 (46-0) 80 (8:5) 1-00
1110 {54-0) 46 (5-3) 0-48 0-33 to 0-69 <0-001
934 (45+6) 61(6'5) 112 07910160  geon
1239 'Eﬂ‘ai 74 :6'0} 0-94 06610 1-33 0-711
022101 ;.55 (0-12) 0-46t0 058 <0001
<0-001
1458 |71-0) 38 (2+6) 1-00
312 (15-2) 35(11-2) 4-50 2:85to 712 <0-001
155 (7-5) 29 (18-7) 790 4-87to 12-83 <0-001
61 (3-0) 17 (279) 1214 690 to 21-35 <0-001
69 (3-4) 7(101) 4-05 1-81t0 907 <0-001
1489 (725) 91 (61) 0-43 0-25to0 0-75 0-003
1660 (80-8) 101 (6-1) 0-96 0-62 to 1-49 0-853
1326 |64-5) a5 (7:2) 1-71 1-14 to 2-56 0-010
1706 (83-0) 28 (1-6) 144 0-94to 2-19 0-094
1713 (83-4) 35 (2.0) 198 1-34 10293 0-001
748 (20-8) 64 (8-8) 1.81 1-28t0 2-58 0-001
168 (8-2) 19{113) 2.07 127t0339 0004
42 (2:0) 3(71) 116 0-37to 3-61 0-795
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Characteristics at
admission

Symptoms and signs
on admission
Axillary temperature
(2C)
Mormothermia (35.5-
37.42C)

Hypothermia (<35.59C)
Fever (237.52C)

Heart rate

Mormal

Bradycardia

Tachycardia

Increased respiratory
rate

Skin pinch goes back
slowly

Dehydration

Pallor

Jaundice

Oedema (any location)

Skin flaking off
Depigmented or redish
hair

Oral candidiasis

Swollen lymph nodes
Conjunctivitis
Ear discharge

Lower chest wall
indrawing

MNasal flaring

Pathological breathing
pattern
Auscultatory crackles

Wheeze /roncus

Heart gallop
Palpable liver

Total Infants <
observations  3months dying
included within 90 day u"wl_la;ia“l 95 % C1* p value®
M= 2055, after discharge®
n (%) N= 126, n(%")
00361
1081 (52-7) 54 (50) 1-00
51(2:5) 6(11-8) 246 105 to 573 0037
919 (44-8) 65 (7-1) 143 1-00 to 2-06 0051
0-647
1352 (65-8) B6 (6-4) 1-00
169 (82) 9(5-3) 084 042 to 1-67 0616
534 (25-9) 31 (5-8) 091 060 to 1-36 0634
1101 (53-8) 86 (7-8) 193 1-32 to 2-82 0001
113 (55 13 (11.5) 2.03 1-14 to 3-60 0015
244 (11-9) 25 (10-2) 190 1-22 to 2.95 0004
126 (61) 6 (4-8) 076 03310172 0510
42 (2-0) 3(71) 114 0-37 to 3-49 0813
28 (1-4) 2{71) 1-14 029 to 4-48 0-845
61 (3-0) 4 (6+6) 1:06 040 to 2-84 0906
17 (0-8) 3(17-6) 3.19 099 to 10-27 0052
79 (3-9) 22 (27-8) 618 387 to 9:85 «0-001
23(11) 6(26-1) 4-73 216 to 10-36 <0001
69 (3-4) 6 (87 1-46 064 1o 331 0-366
46(2:2) 4 (87 1-46 054 to 3-98 0457
795 (38-8) 61(7-7) 1-50 106 to 213 0022
582 (28-3) 38 (65) 1-10 075 to 1-60 0631
138 (B-7) 11 (8-0) 1-34 072 to 2-49 0350
572 (27-9) 44 (8-6) 1-68 1:17 to 2:40 0-005
361 (17-6) 22 (61) 099 063 to 1-57 0977
i7(1-8) 2 (5-4) 0-86 022 to 3-38 0828
35 (1-7) 3 (86 141 045 to 4-35 0554
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Total Infants <
observations  3months dying
Characteristics at induded  within90day "ol 95%CIF  pvalue®
N= 2055, after discharge®
n{%) N=126, n(%")
Symptoms and signs
on admission
Palpable spleen 158 (21:0) 9(7-1) 092 0-47 to 1-80 0799
Abnormal fontanella 112 (56) 7(6:3) 102 047 to 2-21 0-958
Prostration 398 (20-5) 25(6-3) 1-06 0-68 to 1-66 0782
BCS on admission 0.923
Mormal (BCS=5) 1851 (90:3) 115 (6:2) 1:00
Abnormal BSC ‘“5=ii 164 (80) 9(55) 088  044t0172 0701
Deep coma (BC5<2) 35(1.7) 2(57) 091 0-23 to 367 0-898
Investigations
Malaria diagnosis <0-072
Megative 1257 (61-2) 88 (70) 1:00
Positive 414 (20:2) 16 (39) 0-54 0:32 to 093 0.025
Test not done 384 (18-7) 22 (57) 081 051 to 1-29 0389
Glycaemia 0.988
Normoglycaemia (2.5- . .
11.0mmoly 1799 (87-5) 110 (6-1) 1-00
Hypoglycaemia (<2.5
mmolf/l] 163 (79) 10 (61} 1-00 0-53 to 1-93 0-984
Hyperglycaemia (>11.0
mmol/l) 93 (45 6(65) 1.07 0-47 to 2-45 0-877
Blood culture
Megative 1881 (91-7) 110 (5-8) 1-00
Positive 171 (8:3) 16 (9-4) 1-62 0-96 to 2-72 0.071
Anaemia 0008
Mo anaemia 951 (46-3) 41 (4-3) 100
Mild to moderate
anaemia 845 (41:1) 64 (7-6) 1:78 120 to 2-63 0004
Severe anaemia 259 (12-6) 21(8-1) 180 1-12 to 3-21 0017
HIV status 0-001
Test not done 1850 (90-0) 115 (6:2) 1-00
Negative 185 (90 6(3-2) 052 02310 1-18 0-115
Positive 20 (1:0) 6 (25-0) 450 1-94 to 11-04 0001
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Total Infants <
obhservations  3months dying .
ﬂ'la::tn?::!;':“ts at included within 90 day uni::r:au 95 % CI* p value®
N= 2055, after discharge®
n (%) N=126, n(%")
Outcome of the
admission"
<0001
Discharged alive 1906 (92-8) 91 {a-8) 1:00
Absconded 85 (4-1) 149 (22-4) 5.23 3-19 to 8-59 <0-001
Transferred 64 (31) 16 (25-0) 631 361t 11-02 <0-001

'SD: standard deviation. "WAZ: Weigh-for-age. "It refers both communitary deaths and deaths in a readmission during
follow-up perind. ®*Percentage represents risk among children with same chacarteristics. *Univariate model based on
2055 infants under 3 months and 126 deaths. ¥*HR: Hazard ratios. Hazard ratios and confidence intervals were
derived from a Cox regression model*Confidence intervals, ® Povalue was derived from Wald test. *Validated
predictive model base of 80% of data (1636 infants). BCS: Blantyre coma score. "History of current disease reported
by the child carer. "Hospital deaths ommited,
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Figure 2: Post-discharge mortality trends over time during the 16 year long study
period

A)  yearly incidence for all ages

{ PO

ﬁ@ﬁfﬁﬁﬁ#ﬁﬁ@@$$@$$

Year

B) vyearly incidence by age group.

0-3 months 4-11 months

PrerrEEEEFEREREE LI P EE PR R R EREEERE

1-5 years 5-15 years




Results - Article 7 243

Figure 3: Kaplan-Meier failure estimates for 935 deaths during 90 days follow-up after
discharge from Manhiga District Hospital.
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Predictive models and validation

The comparison of training and validation set may be found in supplementary
table S2. Nineteen variables were associated with higher risk of PDM in
the multivariable analysis (primary model, table 3). Infants less than 3
months had the highest rate of PDM and this decreased with increasing
age (p<0.001). The rate of PDM varied between rainy and dry seasons (HR
1.22,95% ClI 1.03-1.43). Severe acute malnutrition (SAM) (HR 3.26, 95% ClI
(2.08-5.12) as well as other 13 clinical variables were also associated with
PDM. Children with a positive blood culture (HR 1.68, 95% Cl 1.33-2.12)
and a positive HIV test (HR 1.77, 95% Cl 1.07-2.91) also had a higher rate of
death during the follow-up period. Absconding (HR 5.23, 95% Cl 4.22-6.50)
or referral to a higher level of health care (HR 4.48, 95% Cl 3.31-6.05) were
clearly associated with death. On the other hand, children with a malaria
diagnosis had lower risk of PDM (HR 0.44, 95% CI 0.36-0.54). The AUC for
this model was above 80% during the 90 days follow-up period (figure 4).

Two alternative models were estimated which selectively excluded certain
variables from the primary model to ensure that predictions could be
made in the absence of certain variables which may not be available in all
centres, particularly in the absence of laboratories (table 3). Time-varying
AUC of each additional model is compared in supplementary figure S3 A.
Model 2, which excluded blood culture but maintained minimal cost tests,
performed similarly to the primary model, with an AUC around 80% until
60 days after discharge. Model 3, which included only clinical variables,
perforemd slightly less well, with AUC however maintained around 75%
during the whole period. Model 4, limited to infants <3months, included
variables such as breastfeeding and weight-for-age (WAZ) to assess nutritional
status, on account of the excess of missing height data. Neonates appeared
to have the highest risk of PDM among this age group (table 4). This model
had an AUC reaching 85% in the first days after discharge, decreasing until
75% around day 15 and keeping stable over 80% through the remaining
follow-up period (supplementary figure S3 B).



Results - Article 7 245

Table 3: Estimation of predictive models derived from primary model including
predictors associated to post-discharge death among 20506 observations of children
less than 15 years old and 750 deaths in the first 90 days following discharge.

PRIMARY MODEL MODEL 2 MODEL 3
C:I:;::Ebr::f M:nl-l!‘-‘:ﬂd ikl wall:le" M:iu::e“ Hxor \rall:le' M:;T!d il vall:le'
Demographic characteristics
Age <0-001 <0001 0002
<3months 499 100 100
dto<lyear 9z  0T1to120 093 072t0120 0081 | p79 06210103
lto5Syears  pgs 05310091 071 05410092 Ol ges 0510086
> 5 years 0-54 0-38to 0-T6 0-54 0-38 to 076 <0-001 0-55 039t 077

Rainy Season 1.22 103te1.43 0018 122 104 teldd 0017 125 107 to 1-46 0005

Anthropometric characteristics

Nutrition status
by WHZ' z-score <0001 <0001 <0001
=150 1.00 100 100
»-2 to=<-150° 123 07510 2:01 127 077 to 2:07 1.32 081 to 2-14
»-3 to <-2 50° 240 1-49t0 3-87 244 151 to 393 230 1-41to 3-75
=-3 50 326 20Bto 512 328 208 to 516 416 271 to 6-40
Unknown 289  212to421 300 21910435 372 26410523
History of current disease*
History of i ! 1-44 to ! ) !
diorhoca 172 14510203 w0001 o bor <0001 L. 13210189 <0001
History of 107t0162 0009 107to 161 0010 10210153 0030
cough 132 e 131 . 125 .
Historyof _ _ _ _ _
difficulty 10910170 0007
breathing 136
Symptoms and signs on admission
Increased 1-19 to
respiratory rate 141 118 to 168 0001 | 14 169 P00 L 107 to1s2 OO
Skin pinch goes _ — — — — — . v '
back siowly sy 12010150 <0001

Nasalflaring  pgg 055to0gs <0001 pga  opsetopay 0001 079 065 tonay 0022
Auscultatory

crackles 137 112t0167 OO0 | 141 14610171 O 148 11910175 000
Oralcandidiasis 64 198 w3s2 V% am zfs:u OO 361 270 toass 000
“""I:‘;t‘:“; rgg 19248 wo0r| .. YN0 <geom| . 18810327 <0001
':fpmlg";;":: 203 16010257 <0001| L oo 16410264 <0001| .. 19010307 <0001
Swollenymeh ) 09 142 251 <0001| 187 1w 001 223 1700293 <0om

nodes 2-49
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PRIMARY MODEL MODEL 2 MODEL 3

Characteristics  Adjusted
at admission HR*

Symptoms and signs on admission
Ear discharge  1-76 1-20te 258 0004 174

. [ Adjusted 5 p Adjusted . [
5% 0 lue® HR* 5% 0 asx value®

176 1-24to 249 0001
Prostration 1-42 1-15 o 175 0001

Investigations
Malaria
diagnosis
Negative  1.00
Positive 44  036to054
Test notdone  p.gg 046 to 0-73

115 to 173 0001

<0001

Positive blood
culture
Negative 1-00
Positive 168 13310212 <0001
HIV status <0-001

Test not done 1-00
Hegative 053 0-35t0 0-B0 0-35 to 0-B0
Positive  1.77 107 e 291 180  107te 301

Outcome of the
admission”
<0001 <0001
Alive 100 1.00
4
Absconded 523 o) to6s0 50 s-‘;: *
Transferred 498 33110605 457 3360621

*WHZ: weight for height. 'SD: standard deviation. See definitions in Table 51, *It refers both communitary deaths and deaths in a
readmission during fallow-up rrlod. *HR: Hazard ratios. HR and confidence intervals were derived from a Cox regression
model. *Confidence intervals, " P-value was derived from Wald test. *History of current disease reported by the child carer.
“Hospital deaths and deaths in the first 24h ommited. *AUC: area under the curve.
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Figure 4: The time-varying area under the curve of primary model comparing training
and validation set
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Table 4: Estimation of predictive model including predictors associated to post-
discharge death among 1655 observations of infants less than 3 months old and 94
deaths in the first 90 days following discharge.

Characteristics at admission  Adjusted HR* 95 % CI* p value®
Demographic
characteristics
Age
< 28 days 1-00
= 28 days to < 3months 0-43 0-33 to 0-68 <0-001
Anthropometric
characteristics
Nutrition status by WAZ' z- <0001
scare
>15D° 1-00
»2 to <-1 50¢ 4-53 2-51to 3-19
>3 to <-2 5D¢ 7-03 3-87to 12-77
<=3 50r 13-49 7-43 to 24-51
Unknown 511 177 to 14-72
History of current disease*
History of difficulty
breathing 1-68 1-13 to 252 0011
Symptoms and signs on
admission
Axillary temperature (2C) 0-020
Mormothermia (35.5-
37.42C) 1-00
Hypothermia [<35.52C) 2-30 1-04 1o 5-11
Fever (237.5%C) 1-67 1-10 to 2-53
Oral candidiasis 4-32 2-51to 7-43 =0-001
Outcome of the admission®
<0-001
Discharged alive 1-00
Absconded 523 297 to 9:20
Transferred 592 2-78to 12-64

*5D: standard deviation. "WAZ: Weigh-for-age. *It refers both communitary deaths and deaths
in a readmission during follow-up period. *HR: Hazard ratios. HR and confidence intervals
were derived from a Cox regression model *Confidence intervals, * Povalue was derived from
Wald test. BCS: Blantyre coma score, "History of current disease reported by the child carer.
*Hospital deaths ommited.
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DISCUSSION
To our knowledge, this is the largest study to date evaluating PDM in the
first three months following hospital discharge from a rural district hospital
in a LIC. This analysis, based on more than 20 000 hospital discharges and
935 post-discharge deaths, represents a systematic approach to ascertain
predictors of PDM in a resource-constrained environment.

The cumulative three-month post discharge mortality found in this study
(3.6%) is lower than that reported in the 1990s from other African settings,
where incidence risk was estimated between 6.1% and 13%'* ", but
similar to other more recent PDM studies8, 10, 11, 18. As an example, a
study conducted in Kenya in children <15 years, reported PDM ranging
from 3.3% to 4.5%". Although cumulative mortality was similar in this
study, follow-up time was one year (four times longer), making the first
three month mortality likely much inferior. Differences among studies
may derive from variations in the epidemiology and burden of diseases
across populations and over time, age and follow-up periods. Importantly,
inpatient mortality found in our cohort (2.5%) aligned more closely with
that reported in other settings, likely due to the use of similar guidelines

5,14

in similar type of settings™ ™.

Risk of death appears to be greatest in the early weeks immediately
following discharge®*!, with the first 30 days, where nearly half of all
post-discharge deaths occur, being the most critical for survival'***, as
our findings also highlight. Overall, trends of post-discharge mortality for
all ages changed over time. PDM rates increased over the period from
2000-2010, subsequently declining. One could speculate that variations in
the epidemiology of a single disease may have played a significant role in
variations in PDM (Supplementary figure S4). For instance, malaria used to
be highly endemic in the area at the beginning of the study period, with a
subsequent declining trend observed from the year 2005 onwards, when
highly effective new antimalarials were rolled out. Such trends appear
inversely proportional to those of PDM curve, suggesting that children
admitted with malaria, readily treatable and with a rapid recovery, are
probably less likely to be associated with post discharge complications.
This could partly explain why a diagnosis of clinical malaria has been shown
to be an overall protective factor against PDM (HR 0.44, 95% Cl 0.36-0.54)
similarly to what Moisi et al described in Kenya*. Similarly, although HIV
incidence is now much higher in the area than it was a decade ago, the
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uptake of antiretroviral drugs may also explain a more controlled impact
of this infection on PDM in recent years when more admissions due to
HIV have been registered. Trends in the proportion of children admitted
with other diseases with greater incidence of post-discharge deaths,
such as SAM, showed an overall tendency parallel to the PDM curve over
time. However, the declining trend of PDM seen at the end of the study
period cannot be exclusively explained by malaria, HIV or SAM trends. The
progressive introduction of other strongly protective interventions, such
as vaccination against Hib (2009), pneumococcus (2013), and rotavirus
(2015) have reduced hospital admissions and, improved hygiene practices
in households and health centres, implementation of oral rehydration
therapy for diarrhoeal diseases, antibiotics for pneumonia, or improved
skill hospital attendance among others* may all have also contributed to
these decreasing trends. PDM trends over time among infants <3 months
differed slightly from other age groups, with a peak in 2003, and stable rates
thereafter. Possible explanations include the fact that effective interventions
specifically targeting this age group, and designed to reduce neonatal
and infant mortality, have not been fully implemented in the study area.
These include, among others, kangaroo care for preterm and LBW infants,
induction of labor for prolonged pregnancy to avoid perinatal asphyxia,
proper case management of neonatal sepsis™, particularly those late-onset
cases if cerebrospinal fluid sampling is not undertaken, thus hindering an
adequate diagnosis of neonatal meningitis*. Other conditions which may
have led to worse outcomes in this particularly vulnerable period relate to
the relative high prevalence of low birth weight and premature deliveries,
and the social burden of orphanhood secondary to the effects of the HIV
epidemic, Although our dataset did not allow us to explicitly explore these
conditions, previous data from the study area found a high prevalence of
preterm births and an association between prematurity and higher risk
of dying during the first year of life, especially during the neonatal period,
results that could be applied to our population®.

Our primary model, which included all available useful variables, performed
very well, particularly to predict risk of dying in the first month following
discharge. Applying a score based on this model to a population similar to
ours, we could identify up to 80% of the children at risk of dying during the
first 90 days, being this percentage even higher in the first 30 days. This
model however includes blood culture results, an expensive determination
that requires laboratory infrastructures seldom available in poor settings.
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The model using only clinical variables (with no lab results) was the worst
performing one, and model 2 which included information of discharge
status (alive, referral or absconding) and HIV and malaria results, performed
similarly well to the primary model, seems more applicable, and showed a
good predictive capacity for PDM. Similarly to that described above for the
other models, model 4, developed for infants <3 months old, is parsimonious,
using only few variables, all of them easily and readily obtainable in most
resource constrained contexts. Using a score based on this model at
discharge in our population (or other with similar characteristics), 85% of
infants <3months at risk of dying after discharge could be identified in the
first days after discharge and almost 80% during the remaining follow-up
period, a remarkable finding taking into account the high incidence risk
of dying following hospital discharge in this age group.

Young age, SAM, history of diarrhoea, clinical symptoms of pneumonia,
prostration, symptoms associated to HIV and /or malnutrition, bacteraemia,
positive HIV status, rainy season and absconding or being transferred
from the hospital were all variables associated to an excess mortality in
the model including all post-discharge deaths. Conversely, nasal flaring
and malaria diagnosis appear to be protective factors against PDM. The
association between age and PDM has been previously reported® >3,
having older children less risk of death after hospitalization compared to
infants. SAM is a recognized predictor of PDM*>“**** as our models confirm.
Data from Manbhiga district showed that nearly half of children attending
seen as outpatients presented some level of malnutrition and 6% could be
classified as severely malnourished®. The chronicity of malnutrition, the
fact that it can predispose to an array of co-infections and complications,
and its association with HIV infection in Manhi¢a®, may all contribute to
explain the prolonged risk for survival that it entails. Diarrhoea was related
to reductions in post-hospital survival in our cohort similarly to other
studies® ™ **. The GEMS multicentre study on the aetiology of diarrhoeal
disease showed that diarrhoea burden in Manbhica is high and greatest
among infants, with a strong association to mortality in the first 90 days
after diagnosis®. HIV positivity, a clearly described predictor of PDM>?,
remained in our model a strong independent predictor, even after adjusting
for malnutrition. Some studies have reported an association between sepsis
and excess child mortality® but only one to date™ found bacteraemia to
predict post-discharge death as we found.
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In our series, type of outcome at discharge, and particularly being transferred
or absconding from hospital, were the greatest predictors of PDM. Transfer
to a higher level health facility usually arises due to requirement for a
more specialized evaluation or supportive care, typically on account of
severity. As a result, their greatest PDM risk is an expected finding. Children
absconding (3.1% of the study sample) against medical recommendations
had an extremely high risk of post-discharge deaths, and represent one
out of every five deaths in our series. Veirum et al in Guinea-Bissau®
described absconding from the hospital as the dominating predictor of
PDM, but a Kenyan study did not confirm this association'®. Absconding
is in Manhica a cultural and financial phenomenon, typically occurring
when families anticipate a bad outcome and prefer their children to die at
home, additionally sparing costs associated with the transport of a corpse.
Socio-behavioural studies trying to address absconding are essential as
well as the perception by health staff of the serious consequences of this
phenomenon. Rainy season was also associated to higher risk of PDM
as more children are admitted during this season, likely due to greater
number of admissions and severe disease occurring during this season,
similarly to what was found in the Gambia®, but differently from what was
seen in Kenya'. Some of the disparities found among studies may reflect
methodological differences such as study design, sample size or variables
collected and epidemiological variations across populations and over time.

Infants under 3 months of age had the highest PDM risk, a result aligning
with global trends of child mortality in the last two decades, whereby
neonatal deaths have an increasing importance as the total proportion of
U5 mortality®. Specific risk factors in this age group were also different, and
included having a lower WAZ, a higher occurrence of hypo- or hyperthermia,
oral candidiasis and respiratory distress. Surprisingly, bacteraemia was
not found in our model to predict PDM. This is, to our knowledge, the
first proposed predictive tool for PDM in this highly vulnerable age group.

The majority (83.7%) of deaths following hospital discharge occurred at the
community, in the absence of any further contact with the health system.
A study investigating cause of death in Manhiga using verbal autopsies
documented that 53% of all paediatric deaths occurred at home*. These
alarming figures reflect the generalized challenges in access to care, which
become even more blatant following hospital discharge. A recent study
trying to understand the context surrounding out-of-hospital deaths
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and the barriers to health care access for children recently discharged
from a hospital showed that resource limitations, health knowledge and
perceptions of caregivers significantly influences timely access to care®.
New studies in our setting could allow unveiling specific causes and guiding
future interventions.

Algorithms based on predictive tools are commonly used in routine clinical
practice in LMIC, but not without challenges. Diseases such as malaria, sepsis,
pneumonia or severe malnutrition share many overlapping symptoms,
hindering the development of highly specific differential algorithms to
identify populations at risk of dying. Effective models for identifying children
at risk of PDM should take into consideration the existing resources but
consider illness as a continuum transcending the information that the
admission snapshot can provide. Although the Integrated Management of
Childhood lliness algorithm (IMCI) was not designed as a prediction tool
per se, it is used in many countries as an algorithm-based approach for the
screening and management of infectious diseases’. It has demonstrated
an improvement of outcomes and reduction of infant mortality in settings
where it has been implemented, although most data come from South Asia™.
However, IMCI has little impact on nutritional status®, which was a strong
predictor of PDM in our study and fails to address the risk after discharge
and therefore, does not provide any guidelines of follow-up care beyond
admission. In any case, it is essential to follow the effective and entire
implementation of the malnutrition guidelines. A similar algorithm or score
based in predictive models and applied at discharge, could help to identify
those children requiring a more rigorous follow-up after hospitalization.
Once identified, these children at higher risk of PDM could benefit from
strategies to prevent post-discharge death. A clinical trial conducted in
Kenya explored the efficacy of daily co-trimoxazole prophylaxis in children
admitted with complicated SAM without HIV and they found no reduction
in mortality during the first year after admission®. Although this strategy
has not worked for children with SAM, other promising strategies such as
mass drug administration (MDA) of azithromycin to reduce child mortality
could be adapted for children at risk of PDM decreasing risk of death in
this population and reducing antibiotic resistance associated to MDA,
Community-based interventions driven by community-health workers
consisting in pre and post-natal home visits, supporting LBW infants
and sepsis case management, facilitating referral in case of need have
reduced neonatal and infant mortality in several countries®. Although
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these interventions have not been explored in children after a hospital
admission, their impact reducing PDM could be similar.

This study has several limitations. First of all, it is a retrospective study.
Selection bias may arise due to the fact that almost half of children admitted
to MDH between 2000 and 2016 were excluded, the majority of which (86%)
on account of not being part of the study area under DSS. This might affect
the representativeness of the study sample. Another limitation includes the
fact that all clinical predictors were collected at the time of admission, and
some these clinical variables may have changed over the course of admission.
We decided to use a single-discharge approach within 90 days of follow-up
to avoid double counting time at risk, excluding observations of children re-
admitted during the follow-up period. This strategy may have resulted in a
clearer picture of the true community PDM but also in an underestimation
of the likely higher real-life true incidence, particularly in a setting such as
Manhica, where access to care is likely better as a result of the good linkages
to the community established by CISM. Another possible factor potentially
underestimating the real PDM rate relates to the exclusion of deaths occurring
in the first 24 hours after discharge, as they were considered as hospital
deaths. However, they accounted for <0.1%. The inclusion of children who
were transferred or absconded from the hospital may be overestimating
the incidence of PDM since they were not officially discharged, but this is
an extremely frequent occurrence in African settings, and needs to be taken
into consideration, particularly in the light of the strength and magnitude of
the statistical association found. Importantly, we could not assess the role
of low birth weight (LBW) in infants as a likely risk factor for PDM, since this
information was not available. Finally, our predictive models lack an external
validation, although they performed reasonably well.

In conclusion, this study highlights the importance and oversight of post
discharge mortality as a significant portion of the childhood mortality cake.
Simple models including predictors easily collected with minimal cost, such
as those presented in this article, need to be prospectively validated in
different circumstances and settings. Specific interventions targeting children
identified to be at higher risk and guaranteeing their adequate follow-up
at the hospital or even at the household level could possibly increase their
survival risk. Implementation of such strategies could prevent avoidable
deaths, especially among neonates and infants who suffer the highest
burden of PDM.
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SUPPLEMENTARY INFORMATION

Figure 51. Flow chart on how hospital readmissions of children were selected.

Admission 1 Discharge® Admission 2 Discharge Both admissions included in
the analysis as independent
»90 records.
Scenario 2
Admission 2 excluded from the
Admission Admission 2 analysis given is a readmission
Disch .
cerge “'“""“ within the follow-up period. In
this case, admission 1 is taken as
reference.
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e ° | death within the follow-up period. In this
290 case, admission 1 s taken as
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admission Is hospital death within
follow-up

Figure 52: Number of admissions and post-discharge deaths in the first 90 days of
follow-up by year.
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Figure §3: Time-varying area under the curve of predictive models estimated from

primary model.
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A) Comparison among primary model and estimated models 2 and 3. B] Comparison
between training and validation set of estimated model 4 which includes exclusively
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Figure 54: Number of admissions due to specific diseases over time
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Table 51: Definitions

Rainy Season MNovember to April

Blantyre coma scale (BCS): Based on pain response, cry or verbal response, eyes movement. Score 0 to 5
Marmal: 5
Impaired consciousness: 3-4
Coma:= 2

Prostration Inability to drink or breastfeed or sit if usually stable,

WHZ Weight-for-height z-score calculated using the WHO growth chart

>-1 D% well nourished
>-2 to <-105%; mild acute malnutrition
=3 to <-205: moderate acute malnutrition
- =-3D%: severe acute malnutrition
Wwaz Weight-for-age z-score calculated using the WHO growth chart
<-305: underweight

Maloria A malaria case was defined as a child admitted with a clinical diagnosis of
malaria with a positive P, falciparum asexual parasitemia.

Increased Respiratery Rate (IRR)
* IRR in < 2 months old children = respiratory rate 2 60
+ IRR in 2 - <12 months old children = respiratory rate z 50
* IRR in 12 - <60 months old children = respiratory rate = 40
+ IRR in 80 - <120 months old children = respiratory rate = 30
+ IRR 2 120 months old children = respiratory rate = 20

Heart rate normal ranges in

beats per minute:
0to 1 year: 110-160
1 -2 years: 100-150
2-5 years:85-140
512 years: 80-120
=12 years: 60-100

Diarrhoea Three or more abnormally loose stools in the previous 24 hours.
Dehydration Pesence of two or more of the following signs:

sunken eyes

- unable to drink, drinks eagerly

» skin pinch goes back slowly

-irritability/restlessness

Clinlcal severe pnevmonia Cough or difficulty breathing + IRR + lower chest wall indrawing or crackles
Non-severe anaemia - Children £ 28 days old with a packed cell volume [PCV) between 25- <42%
- Children =28 days: PCV between 15- <33%

Severe anoemia - Children = 28 days old= PCV <25%
« Children >28 days: PCV <15%

Hypoglycoemia Blood glucose levels <3.0 mmol/L (categorized as severe if <2.5 mmol/L)
Hyperglycaemia Blood glucose levels >11.0 mmol/L (categorized as severe if 2.5 mmol/L)
Hypothermia Axillary temperature < 35°C
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Table 52: Socio-demographic and clinical characteristics of children <15 years admitted
at MDH comparing training (80% of data) and validation set (20% of data).

Training set, Validation set,

Characteristics at admission N= 20506, n (%) N=5126, n (%") p value ®
Demographic characteristics
Age 0-935
< 3 months 1655 (80) 400 (8-0)
4 to < lyear 4152 (20-0) 1041 (20-0)
110 5 years 11635 (57-0) 2923 (57-0)
> G years 3054 (150 762 (15-0)
Sex
Male 11234 (55-0) 27485 (54-0)
Female 9206 (45-0) 2365 (46-0) 0-113
Rainy season 12464 (61-0) 3160 (62-0) 0-357
Anthropometric
characteristics
Mutrition status h'rWl:cI‘;:‘; 0-540
=150 4822 (240} 1172 (23-0)
»-2 to <-1 50" 2210 (11-0 539 (11-0)
=3 to <2 S0 1178 (60) 308 (6-0)
<350 BOE (4-0) 222 (4-0)
Unknown 11488 (56-0) 22385 (56-0)
Nutrition status by wn;*o:; 0538
=150 8326 (410 2078 (41-0)
»-2 to <1 50° 5379 (26:0) 1376 (27-0)
=3 to <2 S0 3375 (16-0) 215 (16-0)
<-3 50 2314 (11-09 599 (12-0)
Unknown 1112 (5-0) 258 (5-0)
History of current disease®
Current breastfeeding 5976 (29-0) 1545 (30-0) 0-224
History of fever 18766 (920} 4658 (91-0) 0-147
History of cough 13061 (64-0) 3262 (64-0) 0-957
History of diarrhoea 4032 (200 983 (19-0) 0-431
History of vomit 4827 (240 1177 (23-0) 0-372

History of difficulty breathing 4758 (21-0) 1045 (20-0) 0-503
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History of seizures

Symptoms and signs on
admission

Axillary temperature [2C)
Normothermia [35.5-37.42C)
Hypothermia (<35.52C)
Hyperthermia (237.59C)
Heart rate (meantSD)

Mormal

Bradycardia

Tachycardia

Increased respiratory rate
Skin pinch goes back slowly

Dehydration

Paller

Jaundice

Oedema (any location)
Skin flaking off
Depigmented or redish hair
Oral candidiasis

Swollen lymph nodes
Conjuntivitis

Ear discharge

Lower chest wall indrawing

MNasal flaring
Pathological breathing
pattern

Auscultatory crackles

Wheeze/roncus
Heart gallop
Palpable liver
Palpable spleen

MNeck stiffness

Abnormal fontanella (among
applicable)

Prostration

2105 (10-0)

7532 (37-0)
395 (2-0)
12548 (61-0)

13331 (65-0)
1543 (8.0)
1375 (27-0)
9256 (45-0)
1591 (8-0)
3128 (15-0)
3376 (16:0)
253 (10
1082 (5-0)
358 (2-0)
1158 (6-0)
379 (2.0
665 (3-0)
333 (2-0)
518 (30
4406 (22-0)
3297 (160)
793 (4-0)
4253 (21-0)
2480 (12-0)
720 (4-0)
523 (30
4296 (21-0)
167 (1-0)
760 (4-0)

2606 (13-0)

553 (11-0)

1948 (38-0)
118 {2:0)
3050 (60-0)

3366 (66-0)
359 (7-0)
5501 (27-0)
2304 (45-0)
416 (2-0)
779 (150)
852 (17-0)
75(1-0)
289 (6-0)
106 (2-0)
302 (6-0)
114 {2-0)
162 (3-0)
83(2-0)
123 (2-0)
1082 (21-0)
826 (160)

225 {4-0)
1061 (21-0)
610 (12-:0)

162 (3-0)

154 (3-0)
1082 {21-0)

36(1-0)

162 (3-0)

655 (13-0)

0278

0-366

0414

0791
0397
0921
0792
0191
0-304
0121
0499
0-080
0-766
0-981
0-603
0-557
0957
0-087
0951
0-709
0218
0-007
0-804
0417
0158

0987
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BCS at admission 0221
Marmal |BCS=5) 19476 (95-0) 4844 (95-0)
Abnormal B5C (BCS=3-4) 683 (3-0) 190 (40}
Deep coma (BCS=2) 308 (2-0) 88 (2-0)
Investigations
Malaria diagnosis 0750
Megative 7529 |37-0) 1902 (37-0)
Positive 9810 (42-0) 2422 (47-00
Test not done 3167 (150) 202 (16-0)
Glycaemia 0.478
Normoglycaemia (2.5-11.0 17124 {84-0) 4260 (83.0)
mmal/1)
Hypoglycaemia [<2.5 mmal/l) 1934 (9-0) 479 (9:0)
Hyperglycaemia (>11.0
mmol/l) 1448 (7-0) 387 (2.0)
Blood culture 0-473
Negative 19436 (950) 4880 (95-0)
Positive 1054 (5-0) 242 (50)
Test not done 16 {00) 4 {00
Anemia 0-420
Non anemia 7019 {34-0) 1787 (35-0)
Non-severe anaemia 10900 (53-0) 2724 (5300
Severe anaemia 2587 (130) 615 (12-0)
HIV status 0633
Test not done 19298 (94-0) 4830 (24-0)
MNegative 1006 (5-0) 240 (50}
Positive 202 (1-0) 56(1-0)

Outcome of the admission®

o217
Alive 19340 (94-0) 4805 (34-0}
Absconded 637 (30 168 (3-0)
Transferred 529 (3-0) 153 (3-0)

'SD: standard deviation. "WHZ: Weigh-for-height.See definitions in Table 51.*WAZ: Weight-for-
age. PIt refers both communitary deaths and deaths in a readmission during follow-up period
"Percentage represents risk among children with same chacarteristics. *Hazard ratios and
confidence intervals were derived from a Cox regression model *Confidence intervals, ® P-value
was derived from Wald test. BCS: Blantyre coma score. *History of current disease reported by
the child carer. "Hospital deaths ommited.
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The studies included in this thesis provide important results and highlight
knowledge gaps that, if correctly addressed, could contribute to improve
our understanding of severe conditions causing death among African infants
and children and for which interventions have not yet been implemented
in the majority of low-income countries, including Mozambique, where the
greatest part of the work of this thesis took place.

The first article comments on the overall global burden of neonatal mortality,
and highlights the importance of reducing NMR in order to achieve the SDG’s
target for child survival by 2030. MDG4 was not fully achieved, possibly in
relation to the fact that neonatal deaths decreased at a much slower rate
than post-neonatal mortality in the last two decades®, and that measures
designed to prevent or specifically address these early neonatal deaths are less
implemented and available than for deaths occurring among older children.
In 2016, nearly half of the deaths among children U5 were babies in their
first 28 days of life and, whereby infectious diseases appear to significantly
drive neonatal mortality®. National and international efforts should focus
on achieving universal coverage of those interventions found to be most
effective for reducing neonatal deaths, especially in those countries with
highest burden in order to succeed in advancing towards the ambitious SDG
target for child mortality by 2030**".

The systematic review and meta-analysis investigating the global incidence
of infant invasive GBS disease and the associated serotypes showed a high
incidence and CFR of GBS invasive disease among infants <90 days in every
world region, yet likely considerably underestimated in settings with limited
access to care and diagnostics. The overall estimated incidence of infant
GBS disease, 0.49 per 1000 LB, is slightly lower than the previous global
estimate of 0.53 per 1000 LB (95% Cl 0.41-0.62)%. However, our review and
meta-analyses represent an important update since it includes new data
from low and middle-income contexts (18 new studies from 10 countries).
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The reduction in overall incidence is likely driven by lower incidence of
invasive infant GBS disease in the Americas, (0.43 per 1000 LB here vs. 0.67
per 1000 LB in the previous review), and Europe, (0.53 vs. 0.57/1000 LB)®*.
The highest incidence continued to be in Africa (1.12 per 1000 LB), and
especially in Southern Africa (2.00; 95% Cl 0.74-3.26). Conversely, the lowest
incidences were found in Asia (0.31 per 1000 LB) and in Southeast Asia (0.21;
95% Cl1 0.09-0.32). This may reflect a true regional difference, which could be
related to differences in lower overall prevalence of maternal colonization
and/or lower prevalence of serotype Ill which is more commonly associated
with GBS LOD disease and with the most virulent clone, clonal complex
17¥. The meta-analysis on maternal colonization®, part of the same wider
project in which our meta-analysis is included, showed a lower prevalence
of maternal colonization with serotype Ill in Asia, consistent with a true
regional difference and possibly explaining the lower GBS LOD incidence
among infants found in our review. Some of the differences may also be
related to incomplete case-ascertainment, considering the challenges of
following birth outcomes and newborns in settings where more home births
occur, in comparison to Africa.

Overall, GBS EOD incidence was higher than GBS LOD although a higher
proportion of associated meningitis was found among the latter. The highest
incidence of GBS EOD was also in Africa and it was higher compared to that
reported in the most recent worldwide review although GBS LOD incidence
for the same region was similar in both reviews®*. Reasons for this increase in
GBS EOD incidence in Africa is likely multifactorial, possibly including as some
of the explanations a increase in co-morbidities such as HIV'* or improved
data collection to detect early disease. This high incidence is important in
terms of total burden, as CFR in Africa were also four times higher than in
developed countries (18.9% and 4.7% respectively); thus the greatest burden
of cases, and deaths, is in Africa.

Although our data from Africa are limited to a few studies, mostly in
Southern and Eastern Africa, this review has included broader data from
Africa compared to the previous one™*'*'*. Among them, unpublished
data for a 15-year long period from Manhica, Mozambique (B. Sigatque,
personal communication), the study area where most of this thesis has
been developed, were included. The incidence in this area was one of the
highest in SSA, 1.20 per 1000 LB, only slightly lower than those reported in
South Africa*®****** and Malawi*®®. The early to late-onset disease ratio in
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Mozambique was different to the entire African region (0.50 vs. 1.02). This
difference could be partially explained because of the high prevalence and
poorly controlled maternal HIV infection in the study area which predisposes
to LOD™*' and reduced case ascertainment, especially the earliest-onset
cases (<24h of birth), due to difficulties in access to care and rapid and high
case fatality before reaching at hospital or taking samples. CFR of GBS invasive
disease in Mozambique was lower than the average of the region (12% vs.
18.9%). However, GBS EOD CFR was higher (32% vs. 27%) likely due to the
high mortality associated to cases with onset in the first day of life (53%).
On the other hand, GBS LOD CFR in Mozambique was 3% compared to 12%
in Africa. Case management and the medical staff at MDH, where the study
was conducted, is not representative of the usual staff in other rural African
hospitals, nor in quantity neither in training, likely explaining this difference.

In terms of serotypes causing invasive disease, serotype lll accounted for
over half of all disease-causing isolates followed by serotypes la, Vand Il. The
five more prevalent serotypes causing GBS invasive disease among infants
accounted for 97% of all cases. Disease-causing serotypes were similar in
prevalence across different regions. Serotype distribution was similar to that
reported in the previous review suggesting stability over time®,

This paper is part of The Worldwide Burden of Group B Streptococcus for
Pregnant Women, Stillbirths, and Children project which presents the first
systematic estimates of the worldwide burden of GBS**. Our findings on the
ratio of late-onset to early-onset invasive GBS disease, CFR and proportion of
cases with meningitis were used to estimate the number of LOD GBS cases,
deaths in EOD and LOD GBS cases and proportions of each serotype reported
in each disease syndrome, respectively, through a four-step compartmental
model approach (figure 16)**.

Number of cases of invasive GBS diseases was higher in the compartmental
model compared to cases found in the meta-analysis (figure 17). The
compartmental model approach mitigates some of the very substantial
problems with low case ascertainment for invasive infant disease, which
can result in huge underestimation, especially in LIC. Our comparatively low
estimates using infant incidence data are a result of cases being “missed”
through lack of access to healthcare, inadequate clinical assessment and
suspicion of infection, lack of diagnostic testing, and lack of appropriate
laboratory detection methods such as high-quality blood cultures®.
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Figure 16. Disease schema for outcomes of perinatal group B Streptococcus. Abbreviations: GBS, group B
Streptococcus; NE, neonatal encephalopathy. Adapted from Lawn et al Clinical Infectious Diseases 2017 .
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Figure 17. Comparing group B streptococcal (GBS) invasive diseases casessfrom model to
incidence data. Adapted from Seale et al., Clinical Infectious Diseases 2017 .

This series of papers also suggest that GBS is present in all regions of the
world where it commonly infects pregnant women, with 21.7 million pregnant
women colonized worldwide. In 2015 we estimated that, worldwide, there
were at least 319 000 infants <3 months of age with this life-threatening
infection resulting in 90 000 (UR 36 000-169 000) deaths plus at least 10
000 (UR 3000-27 000) children with disability related to GBS meningitis.
In addition, it was estimated that 57 000 (UR 12 000-104 000) stillbirths
were due to GBS disease.

A GBS maternal vaccination strategy using a GBS vaccine with 80% efficacy
and 90% global coverage could prevent 231 000 (UR 14 000-507 000) infant
and maternal GBS cases, 41 000 (UR 8000-75 000) stillbirths and 66 000
(UR 12 000-123 000) infant deaths annually (figure 18)*.
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GBS causes more deaths than those derived from mother-to child
transmission of HIV, and more than the combined neonatal deaths from
tetanus, pertussis, and RSV, for which maternal vaccines are already in
use, or in advanced development®.
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Figure 18. Scenarios of estimated cases of group B streptococcal (GBS) disease and deaths prevented with
different intervention methods in a year. Adapted from Seale et al Clinical Infectious Diseases 2017 .
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The third article, aiming to characterize the burden of maternal carriage
of GBS and E. coli among Mozambican pregnant women, showed a
prevalence of maternal GBS colonization of 21.3%, as high as reported
in other countries in SSA94 and probably more credible than the much
lower estimates produced for this same country (ranging from 1 to 1.8%)
in older studies (1995 and 2008, respectively)*".

The yield of vagino-rectal sampling was better for detecting GBS colonization
than using only vaginal samples as previously reported’*** and
recommended'”. Despite vaginal and vagino-rectal sample being uncommon
practices in MDH, sample collection was well accepted by mothers recruited
to the study, but also well perceived and found theoretically acceptable by
mothers not included in the study but also interviewed in this respect. No risk
factors independently associated with higher prevalence of GBS colonization
were found in this study, both in the entire cohort and in the analysis
restricted to HIV positive women.

We also found a low incidence of GBS invasive cases in neonates born
to GBS infected women. Reasons for this low incidence could be the high
prevalence of antibodies against GBS found in the studied cohort (69.2%),
as antibodies against this infecton have been associated with protection
against invasive GBS disease in HIC'"* and LMIC and LIC'”*. Another plausible
explanation could be the attempt to implement preventive strategies
to those colonized GBS mothers delivering at MDH by giving IAP or by
administering a single dose of penicillin after birth to those neonates born
to GBS colonized mothers as none of those babies developed symptoms of
sepsis. Although this strategy is not generally recommended on account
of the risks of enhancing antimicrobial resistance, it could be argued that
for settings were access to health is problematic, but where GBS maternal
carriage can be confirmed, such a strategy could prove effective in decreasing
neonatal early morbidity and mortality.

On the other hand, the prevalence of E. coli found in this study was lower
than that reported from other authors in different African settings’"”® but
comparable with the prevalence reported by Karou in Togo177. No risk
factors were found to be independently associated with a higher risk of E.
coli vaginal carriage among pregnant women.
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GBS continues to be susceptible to penicillin, ampicillin, and ceftriaxone -the
antibiotics of choice- in this setting, similarly to what previous studies in SSA
have shown"”**, However, higher levels of resistance to erythromycin (~33%)
were found in this study as many countries are also reported likely due
to an increased use for common diseases'****. Erythromycin resistance is
frequently associated with clindamycin resistance”and these antibiotics are
the drugs of choice for penicillin-hypersensitive patients. The emergence of
non-susceptible GBS strains could have important public health implications,
and therefore requires close monitoring.

Serotype V was the most prevalent serotype found in this study, a finding
that differs from those in the majority of studies conducted in other
countries”. This finding supports the need to identify prevalent serotypes
in each region, as a pre-requisite of establishing the potential coverage,
impact and implementation requirements of future anti GBS vaccination
strategies.

The fourth article reviewed the epidemiology of congenital infections
in LMIC and LIC covering a period of 45 years (from 1971 to 2016) and
highlighted that the burden of congenital infections may be higher in these
regions than in industrialized countries.

Although enormous efforts are being made at the international and
national levels to reduce the burden of some congenital infections, their
establishment as a public health priority remains distant. Recent outbreaks
of congenital infections such as that involving the Zika virus and its possible
association with microcephaly in newborns when women are infected
during pregnancy, have generated worldwide alarm and have highlighted
the generalized lack of attentiveness in the world about the impact of
infections transmitted from mother to child. It is essential to adequately
describe the global and local burden of each perinatally-transmitted
infection, through the improvement of maternal and neonatal morbidity
surveillance systems at the ANC clinics and child services. Ensuring early
diagnosis, treatment and vaccination (when available) as the key preventive
strategy are also of paramount importance.

Considering that vaccines are the best method to reduce rubella and hepatitis
B infections, campaigns to introduce them in paediatric immunization
programs must be a high priority in places where this has yet not been
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properly done. Many countries have introduced only measles-containing
vaccines (MCV) rather than the combined measles-rubella vaccine relying on
donors to pay for them. Research should also focus in the development of
new vaccines against other common and devastating congenital infections,
such as for instance CMV and toxoplasmosis. Since preventive and curative
strategies exist to tackle some of these infections, efforts at the international
and national levels must be made to reduce their burden in resource-
limited countries.

After reviewing the epidemiology of congenital infections in developing
countries, the fifth article of this thesis assessed the prevalence of vertical
transmission of some of these viruses in Manhi¢a, Mozambique. Among
the 115 dried umbilical cord (DUC) samples from neonates obtained in this
study, the prevalence of congenital CMV was 2.6% and 6.3% when assessed
through nasopharyngeal aspirates (NPA). It has been demonstrated that
real-time dried-blood-spot PCR assay has a lower sensitivity compared
with the standard saliva rapid culture*® and then, the prevalence of cCMV
found in our cohort through this method is likely underestimated. On the
other hand NPA has not been ever assessed as a specimen valid for cCMV
diagnosis and it is know that until 30% of CMV-seropositive women secrete
CMV in vaginal fluid and that may contaminate with CMV nasopharynx of
neonates'*. As consequence of this fact, the prevalence of cCMV found
in this study through NPA is likely overestimated.

Taking in consideration both issues, it is reasonable to assume a cCMV
prevalence in our cohort of at least 2.6%, higher than the rate reported
in newborns from HIC (<1%)**” and falling within the range reported in a
systematic review for developing countries (0.6% - 6.1%)'**. Although, the
specimens utilized in this study are not the recommended sampling strategy
for the screening of such infections, our results highlight a high burden
of vertical CMV transmission. Urine and saliva have been demonstrated
to be the most reliable specimens***** although they are not exempt of
problems. Saliva samples may be contaminated by breast milk and urine
samples may be hard to collect. Larger studies should assess the limitations
of NPA specimen and its potential use for cCMV diagnosis. The use of NPA
and the molecular screening techniques could be a good approach to study
several viruses simultaneously avoiding the risk of contamination of saliva
samples and collection issues of urine samples.
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Prevalence of cCMV among HIV-exposed children in our study was similar
to that found in HIV-unexposed. However, no significant differences were
found among these two groups (2.7% vs. 2.6%%, OR 1.26 95% Cl 0.16-9.89,
p=0.83). HIV prevalence in our maternal cohort was very high (31.4%) and
almost 90% of mothers were under HAART, possibly explaining why the
prevalence of cCMV was not even higher and why differences between
HIV-exposed and unexposed-neonates were not found**. No risk factors
independently associated with cCMV were found. However, caution is
needed when interpreting our findings, since sample size was small and
likely insufficient to detect significant differences among infected and
uninfected neonates.

Congenital B19V and EV infections seem to be less prevalent in this
area, although only dried umbilical cord samples were analysed for their
screening. Further research to evaluate the real burden and consequences
of vertical transmission of these viral infections in resource-constrained
settings is needed.

The sixth article described the prevalence and incidence of hypoglycaemia
among children admitted at MDH and reported a high prevalence of
hypoglycaemia among a large cohort of nearly 50 000 children admitted
to a rural Mozambican hospital across a 13-year long period. Such a life-
threatening complication was even more common among newborns (overall
prevalence 3.2% and neonatal prevalence 8.8%). This study was the first
attempt to describe minimum-community based incidence rates (MCBIR)
for hypoglycaemia in SSA. MCBIR were significantly higher in newborns
(9.47 episodes/1000 child years at risk) than in any other age group (P <
0.001) underscoring the need to carefully follow this complication in this
especially vulnerable age group. Particularly worrying was the excessive
and unacceptable risk of death associated to hypoglycaemia, considering
this complication is easily and readily treatable******. In our cohort the
CFR was 19.3%, and likely underestimated as it was only detected through
a single screening upon admission, and not throughout the rest of the
hospitalization'®>**°,

The seventh and last article included in this thesis was the largest study to
date evaluating post-discharge mortality in the first three months following
hospital discharge from a rural district hospital in a LIC. This analysis, based
on more than 20 000 hospital discharges and 935 post-discharge deaths,
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represents a systematic approach to ascertain predictors of PDM in a
resource-constrained environment.

We found an overall post-discharge mortality of 3.6%, with half of the
deaths clustering in the first 30 days post-discharge, similar to that reported
in other studies on PDM***"**"**® and higher than the in-hospital mortality
observed in our cohort (2.5%). Overall, trends of PDM for all ages have
decreased over time likely due to improved hygiene practices in households
and better case management in health centres, among other reasons.
However, PDM trends among infants <3 months have remained more or
less stable over time. Possible explanations include the fact that effective
interventions specifically targeting this age group, and designed to reduce
neonatal and infant mortality, have not been fully implemented in the
study area.

One primary predictive model for all ages included young age, malnutrition,
history of diarrhoea, clinical pneumonia symptoms, prostration, HIV and/
or malnutrition associated symptoms, bacteraemia, positive HIV status,
rainy season and an outcome of transfer or absconding. Applying a score
based on this model to a population similar to ours, we could identify up
to 80% of the children at risk of dying during the first 90 days, being this
percentage even higher in the first 30 days.

Two simplified alternative models, one including exclusively clinical predictors
and another one including only variables with minimal costs, showed similar
results. A specific infants <3 months model identified as risk factors being
a neonate, having a low weight-for-age (WAZ) score, history of difficulty of
breathing, hypothermia or fever, oral candidiasis and a history of absconding
or transfer to another hospital. Using a score based on this model at
discharge in our population, 85% of infants <3months at risk of dying after
discharge could be identified in the first days after discharge and almost
80% during the remaining follow-up period, a remarkable finding taking
into account the high incidence risk of dying following hospital discharge
in this age group.

Predictive models presented in this study could be applied at hospital
discharge and children at risk of dying could be identified through their
use. This could allow designing a better post-discharge planning, health
education to the families and follow-up care. However, the identification
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of high risk does not imply that risk can be reduced. Future research should
consider validation of these models in different contexts and prospectively
assessing their accuracy to identify children at risk of dying after discharge
in resource-constrained settings. Such an early identification could allow
the design of preventive strategies to address the main causes of post-
discharge mortality. Continued investment in child mortality data collection
and understanding circumstances of child death following hospital discharge
is needed in order to design innovative, effective and feasible strategies
to reduce the risk of post-hospitalization deaths among children.
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In the absence of an accelerated progress in neonatal mortality, it will
be challenging to significantly reduce overall child mortality by 2030, as
established by SDGs. A significant increase of the coverage of several
essential health interventions, with the aim of eventually ensuring universal
coverage, has the potential to reduce neonatal deaths, benefit women and
children after the first month, and reduce stillbirths.

GBS disease is an important cause of infant sepsis and meningitis despite
the limitations in the data and uncertainties about the low incidence in
Asia. Early-onset incidence is higher than late-onset one, although a higher
proportion of meningitis is seen among late-onset cases. In Africa, where
the incidence is highest, the mortality associated to GBS is also the highest,
quadruplicating that of developed countries, suggesting this is the region
where prevention strategies are most critical to introduce.

Serotype Il accounted for over half of all disease-causing isolates and a
vaccine covering the most common five global serotypes (la/lb/Il/llI/V)
could prevent up to 97% of GBS invasive cases in infants.

Prevalence of GBS and E. coli colonization among pregnant women in this
semirural area of Mozambique is high and comparable to those reported in
similar settings and in high-income countries. HIV infection was not identified
as a specific or independent risk factor for GBS or E. coli colonization.

Serotype V was the most prevalent in Manhica, Mozambique. This finding
differs from results found in the majority of studies conducted in other
countries, revealing the need to identify prevalent serotypes in each
region, as a prerequisite of establishing the potential coverage, impact and
implementation requirements of future anti GBS vaccination strategies.
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10.

11.

Estimates from low and middle-income countries indicate that the burden
of congenital infections may be higher in these regions than in industrialized
countries. As preventive and curative strategies are available to tackle some
of these infections, efforts at the international and national levels must
be made to implement those and thus reduce their burden in resource-
limited countries.

Vertical transmission of CMV in Southern Mozambique is higher than in
HIC and at least as high as prevalence of congenital CMV infection in other
similar settings in sub-Saharan Africa.

Congenital transmission of parvovirus B19 and enterovirus seem to be less
prevalent in Manhiga, Mozambique, although the small sample size is an
important limitation of these results.

Hypoglycaemia is a common complication of many conditions causing
hospitalization in Mozambican children, especially among newborns, and
is associated with an excessive and unacceptable risk of death, being a
treatable condition.

Death following discharge is an important although poorly recognized
contributor to child mortality. Post-discharge mortality in the first 90 days
after hospital discharge is higher than inpatient mortality, especially in the
first 30 days after discharge from a rural hospital in Southern Mozambique.

Simple algorithms screening for determined combinations of the found risk
factors could identify children at higher risk of dying after hospital discharge,
thus facilitating their closer post-discharge monitoring.
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1. Inpoor settings, implementation and scale-up of interventions focusing on
helping neonates surviving through “the golden first 28 days of life” may
facilitate in these settings a rapid decrease of neonatal mortality, and thus
achieve the ambitious SDG of reducing neonatal deaths to a maximum of 12
per 1000 live births by 2030. If this is done at a large scale, up to 5 million
neonatal lives could be saved throughout the period 2017-2030.

2. Existing preventive strategies using IAP are not feasible to implement in
many resource-limited settings due to logistical issues, high number of
home deliveries and late presentation to health facilities for delivery. Thus,
alternative strategies are urgently needed.

3. Maternal vaccination appears as a very interesting alternative strategy, and
the data we have generated suggest that a pentavalent conjugate vaccine
(including serotypes la/Ib/Il/111/V) would cover almost all disease-causing
serotypes (97%) in young infants, worldwide.

4. GBS serotype distribution in pregnant women may differ among regions.
Therefore, it is essential to identify prevalent serotypes in each region
in order to know the potential coverage, impact and implementation
requirements of future anti GBS vaccination strategies.

5. Larger studies are needed to evaluate the true burden, clinical relevance
and consequences of congenital infections due to CMV, parvovirus B19 and
enterovirus in low-income countries. Cheap and highly sensitive tools for
diagnosis of congenital infections, which may be feasible to use in resource-
constrained settings are needed.
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6.

In settings similar to Manhica, all admitted children should be screened for
hypoglycaemia, and aggressively managed when found to be hypoglycaemic.
A single determination on admission appears however insufficient, and
glycaemia should be recurrently screened during hospitalization. Better,
cheaper and more innovative diagnostic and therapeutic alternatives
need to be urgently investigated to better address the consequences of
hypoglycaemia in developing countries.

Child mortality following hospital discharge is unacceptably high and more
attention needs to be put in this preventable cause of death. The use of
algorithms to detect which children may require more attention following
discharge is a good approach, and future research should consider validating
predictive models in different contexts and prospectively assessing their
accuracy to identify children at risk of dying. This could allow designing
a better post-discharge planning, health education to the families and
follow-up care.

Continued investment in child mortality data collection and understanding
circumstances of child death following a hospital discharge is needed in
order to design innovative, effective and feasible strategies to reduce the
risk of post-hospitalization deaths among children.
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Estimates of the Burden of Group B Streptococcal Disease
Worldwide for Pregnant Women, Stillbirths, and Children
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Background, We aimed to provide the first comprehensive estimates of the burden of group B Streprococos (GES), incleding inva-
sive disease in pregnant and postpartum women, fital infection/stillbirth, and infants. Intrapartum antibiotic prophylaxis is the cur-
rent mainstay of prevention, reducing early-onset infant disease in high-income contexts. Maternal GBS vaccines are in development.

Methods,  For 2015 live births, we used a compartmental model to estimate (1) exposure to maternal GBS colonization, (2) cases
of infant invasive GBS disease, (3) deaths, and (4) disabilities. We applied incidence or prevalence data Lo estimate cases of maternal
and fetal infection/stillbirth, and infants with invasive GBS disease presenting with neonatal encephalopathy. We applicd risk ratios
to estimate numbers of preterm births attributable to GBS, Uncertainty was also estimated.

Resulis,.  Worldwide in 2005, we estimated 205000 (uncertainty range [UR], 100 000-327 000) infants with early-onset disease
and 114000 (UR, 44000-326 000} with latc-onset discase, of whom a minimuarm of 7000 (UR, 0-19000) presented with neonatal
encephalopathy. There were 90000 (UR, 36 000=169000) deaths in infants <3 months age, and, at least 10000 (UR, 3000-27 000)
children with disability each year. There were 33000 (UR, 13000-52000) cases of invasive GBS disease in pregnant or postpartum
women, and 57000 (LR, 12000-104 000} fetal infections/stillbirths. Up to 3.5 million preterm births may be attributable to GBS
Africa accounted for 34% of estimated cases and 65% of all fetalfinfant deaths. A maternal vaccine with 30% efficacy and 90% cov-
erage could prevent 107 000 (LR, 20 000-198000]) stillbirths and infant deaths.

Conclusions.  Our conservative estimates suggest that GBS is a leading contributor to adverse maternal and newborn outcomes,
with at least 409000 (UR, 144000-573000) maternal/fetallinfant cases and 147 000 (UR, 47 000-273000) stillbirths and infant
deaths annually. An effective GBS vaccine could reduce discase in the mother, the fetus, and the infant.

Keywords, group B Streptococcus infection; newborn; stillbirth; maternal,

The number of worldwide child deaths has declined, from
an estimated 127 million in 1990 10 5.9 million in 2015 [1].
However, there has been less progress in reducing neonatal
mortality and stillbirths, with 2.7 million neonatal deaths and
2.6 million stillbirths in 2015 [ 2, 3]. Maternal martality remains
unacceptably high, with an estimated 303000 deaths in 2015
Most of this burden is in bow-income settings, particulardy in
sub-Saharan Africa and South Asia |1, 2, 4].
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Infection s an important cause of maternal, fetal, and
infant mortality in low- and middle-income contexts [1, 5-7].
However, in addition to the substantial burden of mortal-
ity, there is a mostly unquantified burden of infection-related
short- and long-term morbidity [8]. Infections are also an
imyportant underlying contributor to preterm birth and neo-
natal encephalopathy, which, along with infections, are leading
causes of neonatal mortality and subsequent adverse outcomes
worbdwide [5-11],

Understanding of specific Infectious etiologles Is, however,
limited [12]. Quantifying the burden of individual etiologies
is mecessary to inform public health interventions, Group B
Strephococcies (GBS) is an important perinatal pathogen [13,
14], yet to date no systematic estimates have been undertaken
of its overall global burden [15].
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GBS is a frequent colonizer of the maternal gastrointestinal
and genital tracts, Overall, 18% (95% confidence interval [CI],
17%=19%) of womnen worldwide are estimated to be colonized,
although there is regional variation in prevalence, ranging from
a high prevalence in the Caribbean of 35% (95% CI, 35%-40%),
to & much lower prevalence in Southern Asia and Eastern Asia
(13% [95% CI, 10%-14%] and 1 1% [95% CI, 106~ 1 2%], respec-
tively) [16]. Ascending infection can cause maternal, fetal, and
early-onset neonatal disease (days 0-6), leading to maternal
death, stillbirth, andéor neonatal death [17-19], In survivors
of neonatal or young infant GBS disease, neurodevelopmen-
tal impairment may result [20]. In addition to causing invasive
neonatal disease, maternal GBS colonization also increases the
risk of preterm birth [21]. Neonatal encephalopathy (MNE) may
occur with invasive GBS disease, bul maternal GBS coloniza-
tion and ascending infection also increases the risk of NE [22].

Preventive measures aimed at reducing the risk of invasive
carly-onsct GBS disease (EQOGES) in newborns have fooused
on intrapartum antibiotic prophylaxis (LAP), with intravenous
antibiotics given to women in labor, based either on microbi-
ological screening or clinical risk factors [23]. However, this
depends on natienal policy and a health system with the capacity
to implement cither strategy with appropriate coverage. While
reductions in EOGES disease (days 0-6 after barth) in the United
States have been observed [24], IAP does not prevent late-onset
GBS discase (LOGBS; days 7-8%) [25] and is unlikely to have

Papaii

an impact on stillbirth or preterm birth. GBS vaccines are in
development [26] and, if given to women, could be effective in
preventing these outcomes as well as infant and maternal inva-
sive GBS disease [15]. Vaccine candidates include protein-hased
formulations and seroty pe-specific polysaccharide-protein con-
jugates [27] and thus an understanding of serotype distribution
in maternal and infant disease worldwide is important.

This is the last article in a supplement estimating the burden
of invasive GBS disease in pregnant and postpartum women,
stillbirths, and infants (Figure 1) [15]. The supplement
includes systematic reviews and meta-analyses across the dis-
ease burden schema (Figure 2). These provide input parame-
ters into the compartmental model described here, for infant
GBS cases, deaths, and disability (Figure 3). We also estimate
maternal GBS disease, stillbirths with GRS dizease, the subset
of cases of infant GBS disease who also have neonatal enceph-
alopathy, and preterm birth attributable to GBS, These are
reported according Lo international guidelines [28, 29).

OBJECTIVES

We aimed to:

1. Estimate national, regional, and worldwide numbers of
infants in 2015 with invasive GBS disease (including those

presenting with neonatal encephalopathy), and outcomes in
terms of deaths and disability, using a compartmental model.
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2, Estimate national, regional, and worldwide numbers of cases
in 2015, using pooled estimates of incidence, proportions or
risk ratios, derived from meta-analyses for:

a. maternal GBS disease,
b stillbirths with invasive GBS discase, and
¢. Preterm birth attributed o maternal GBS colonization.

3. Estimate the number of maternal and infant cases, infant
deaths, and stillbisths currently prevented by IAP, and pre-
ventable cases and deaths with high worldwide IAP coverage
andfor maternal GBS vaccination.

4. Describe GBS serotypes colonizing mothers and causing
maternal and infant GBS disease, summarizing reported
regional variation.

METHODS

We summarize our methods according to our 4 objectives as
follows:

-

. Estimate national, regional, and worldwide numbers of
infants in 2005 with invasive GBS disease (including those
presenting with neonatal encephabopathy) and outcomes in
terms of deaths and disability, using a compartmental model,

Modeling Approach

We conceplualized the full burden of GBS disease (Figure 2) to
include pregnant and postpartum women, fetal infections (based
on stillbirths), and infants, as described in the first article in this
supplement [15]. Wi took a compartmental moded approach to
modeling infant invasive GRS disease, deaths, and disability, with
4 steps as illustrated in Figure 3. For the first step in the model
(maternal GBS colonization), the step where most data were
available for national prevalence estimatbon, we also atternpted a
mubtivariable regression model to predict national maternal GBS
colonization, as an alternative 1o using a subregional estimate
when national-level data were limited {Appendix),

Data Inputs

We sought data inputs from the published Bterature through sys-
termatic reviews and unpublished sources through research data-
bases and investigators worldwide, as summarized in the previous
10 articles (Figure 1), The specific methods used for each of these
(database searches, inclusion and exclusion criteria, data charac-
teristics, criteria used to assess bias and sensitivity analyses) are
described in general [15] and reported elsewhere [16-23, 30]. We
performed meta-analyses, to obtain estimates of maternal GBS col-
onization prevalence [ 16), the ratio of late-onsct o carly-onsct inva-
sive GHS disense [19], case Batality risks (CERs) [19], propostion of
cases with meningitis [19], proportion of infants with GBS menin-
gitls wheo had moderate to severe neurodevelopmental inpalrment
[20], incidence of maternal GBS disease in pregnant/postpartum
women [17], prevalence of GBS disease in stillbirth [18], prev-
abence of GRS dissase in neonatal encephalopathy [22], and the
assockation between maternal GBS colonization and preterm birth
[21]. We caloulated pooled estimates wsing random-elfects models

[31] tor allow for heterogeneity across studies by use of a statistical
parameter representing the variation between studies.

Burdon Estimation Applyieg th Compartsental Model
Step 1. Exposire fo Maternal Group B Streplococcus Coloaizalion
For the first step of the compartmental model, we determined
maternal GBS colonization prevalence for countries, subregions
{South America, Central America, Caribbean, Western Asia,
Southern Asia, South-Eastern Asia, Eastern Asia, Oceania) and
regions (Latin America, Asia, Africa, Oceanta, developed) as
described elsewhere [16], to apply to estimates of live births in
195 countries for 2015, using latest United MNations data [32].
The colonization data were adjusted for sampling site (rectal
andfor vaginal) and laboratory culture methods [16]. Where
data were considered sufficient (21000 mothers tested for
rectovaginal colonization), we used an estimate for individual
countries. Where data were limited (<1000 mothers tested for
rectovaginal colonization), we used a subregional estimate, and
where no subregional estimate was available, we used a regional
estimate (Supplementary Table 1 for inputs by country).

Step 2 Cases of Invasive Early-Chiset Disease and Late-Oinset
Disease in Different Intrapartium Antibdotic Prophylaxis Settings
For the second step of the compartmental model, we assessed
AP policies and their implementation in countries as described
elsewhere in this supplement [23], and categorized 89 countrics
with data available inte 1 of 4 categories, which were (1) micro-
biological screening for maternal GBS colonization with TAP and
high implementation coverage (>530% of mothers screened and
given LAP if appropriate); (2) clinical risk factor approach with
TAP given to mothers with risk factors before delivery and high
implementation coverage (>50% with risk factors receiving [AP);
(3) microbiological screening for maternal GBS colonization
with IAF and low implementation coverage (<50%]); (4) clinbcal
rigk factor approach with IAP given to mothers with risk factors
before delivery and low implementation coverage (<30%), or no
IAP strategy in place. We assigned countries in the developed
reglon with no data to category | as a conservative approach, and
of those countries reporting these data, 21 of 31 developed coun-
tries were in group 1. We assigned countries, not in the developed
region and with no data to group 4, as 51 of 59 countries not in
the developed region reporting these data were in this group.
We then assessed the risk of EQOGRS disease in studies
reporting maternal GBS colonization data, and the use of LAP,
as described elewhere in this supplement [30]. We used the
linear association between TAP use and risk of EOGRS disease
described in [23] to estimate the risk of EOGRES disease in each
of the 4 contexts, with specific risks for each group as follows:
group 1 = 0.3% (95% C1, 0-.9%); group 2 = 0.6% (95% CI, . 10%—
1.2%); group 3 = 0.9% (95% CI, 4%-1.5%); group 4 = 1.1% (95%
CI, 6%-1.5%). For each country, the number of cases of EOGES
was estimated by multiplying the estimated number of exposed
babics by the appropriate risk for that country.
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We used regional estimates of the ratio of early-onset 1o
late-onset GBS cases [ 19] to then estimate the number of LOGES
cases. For Oceania, where data were lacking, we applied the esti-
mate for Asia, as the most similar regional context. There were
variations in ¢stimates, with the highest ratio in Asia (3.99 [95%
Cl, 2.40=14.9]) suggesting more EOGES than LOGBS, and low-
est in Africa (1.02 [95% CI, 0.82-1.27]). We give parameters for
each region in Table 1. These regional estimates could, however,
be affected by low case ascertainment. This could reduce EQGRBS
disease cases, particularly those with home delivery, inadequate
access o care andfor high rapid CFR, and/or late-onset cases,
particularly if cerebrospinal fluid sampling is not undertaken,
and cases of GBS meningitis are thus not detected. We therefore
didd a sensitivity analysis applying a worldwide ratio of early-on-
set to kate-onset GBS disease from high-quality studies workd-
wide (1.11 [95% CI, 0.90-1.30] f 3.92) [19].

Step 3. Deaths in Early-Onset and Late-Onsel Group B
Streptococcus Disease

For the third step of the compartmental model, we applied
region-specific CFRs to 3 different groups that differ consid-
crably in terms of outcome: EOGBS cases delivered without a
skilled birth attendant, EQOGBES cases delivered with a skilled
birth attendant, and LOGBES cases,

Case fatality risk for BOGES: We applied percentages of skilled
birth attendance for each country to EQGBS cases to determine
EOGES cases which would, and would not, have been attended
by a skilled birth attendant. We applied a CFR of 0.9 (0.3-1.0)
to estimated EQOGBS cases born without a skilled birth anend-
ant, based on expert opinion as to the likely high CFR in these
“unseen” cases. To estimate deaths from EQGES born with a
skilled birth attendant (and for all developed countries), we esti-
mated regional CFRs for EOGBS from facility-based data, as
described elsewhere in this supplement [19]. We applied these
regional CFRs to cases of EOGES disease with skilled birth
attendance. The highest CFR for EQGES with skilled attend-
ance was in Africa (0227 [0,15-0,37]}, then Latin America (0,17
[0.05=0,30]), Asia (0,14 [0.06=0.23]), and developed countries
(0,05 [0.04-0.07]) (Table 1). For Oceania, where even regional
data were lacking, we applied the risk in Asia, being the most
geographically proximal,

Case fatality risk for LOGHS: We also estimated regional CFRs
for LOGBS from facility-based data, as described elsewhere in
this supplement [19]. Regional CFRs for LOGES were lower
than EQGRES overall, with the highest again in Africa (0,12
[0.05-0.19]) (Tabde 1), Due to insufficient data from Oceania,
we applied the CFR for Asia.

Step 4. Disability or Impairaent After Infimt Group B Streplococcus
Meningitis

We estimated moderate to severe  neuredevelopmental
impairment (NI} after meningitis, only, becase data were

insufficient to estimate NDI after sepsis, as described else-
where in this supplement [20]. To do this, we applied the per-
centage of infant cases of GBS disease which were meningitis,
for early (12% [8%-15%]) and late-onset (42% [30%-55%])
GBS disease 18] to estimates of EOGRES and LOGES survi-
viors, We then applied an incidence risk of moderate to severe
WD at 18 months of age of 0.18 (0.13-0.22) [20]. These data
were limited to developed countries; however, we applied this
proportion worldwide, on the basis that this would be a mini-
mum estimate as NDT was unlikely 1o be lower in settings with
reduced levels of care.

Triangulation of Infast Invasive Group B Steprecoccus Disease Cases
From the Comparimental Model With Estimates Based on Incidence Data

‘We compared the results from the compartmental model for
Infant GBS disease cases with those estimated using incidence
data on infant GBS disease [19). To do this, we caloulated subre-
gional incidence, or regional incidence where subregional data
were not available, of EOGES and LOGES disease. We applied
these to estimates of live births for each country in 2015. Data
imputs are given for cach country in Supplementary Table 2,

Intants With Invasive Group B Strep
Neonatal Encephalopatiy

To calcalate the numbers of infants with invasive GBS disease
and coexistent neonatal encephalopathy, we used previously
published national incidences of neonatal encephalopathy and
modeled uncertainties and adjusted these for births in 2015
[11]. Then using our new data, we calculated the proportion
of invasive GBS disease among these cases of NE. In developed
countries, among all NE cases included in cooling trials, 0.51%
(95% Cls, 0.05%-0.97%) were also identified as having GBS dis-
ease [12]. Data inputs were limited for data from other regions
(3716 studies), so we used the worldwide estimate of 0.58% (95%
Cls, 0.18%=0,98%) of NE cases with GBS disease to apply in
Africa, Asia, Latin America, and Oceanta. Since our case defin-
ition assumes that cases of NE with GBS count as a case of GES
invasive discase, we include these numbers within our estimates
of GBS infant disease,

Disease P

ing With

2, Estimate country, regional, and worldwide number of cases
of GBS-associated maternal disease, stillbirths, and preterm
birth, for births in 2015 using pooled estimates of incidence,
proportions, or risk raties, derived from meta-analyses.

‘Where a compartmental approach was not possible, we used
incidence, prevalence, or risk ratios from pooled data applied
to births in 2015 1o make minimum estimates of worldwide,
regional, and national estimates for cases attributable o GBS
(Figure 2).

1. Maternal GBS disease

We calculated the pooled incidence of maternal GBS disease
per 1000 maternities and applied this to a denominator of total
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births worldwide to estimate cases. As described elsewhere [17],
data were only available for developed countries, with a pooled
estimate of 0.23 (5% Cl, 09-37) per 1000 maternities. We
applied this to all regions, on the basis that maternal GRS disease
was unlikely to be lower in settings with reduced levels of care.

b.  Stillbirths with GBS disease

We caleulated the pooled prevalence of GBS diseasein stillbirths,
equating also to the minimum number of fetal infections. Data
were available from developed countries (1% [95% Cls, 0-2%])
and from Africa (4% [95% Cls, 2%-6%]) [18]. For regions with
ne data, we applied the prevalence of GBS in stillbirths from
developed countries, on the basis that GBS-associated stillbirth
was unlikely to be bower in settings with reduced levels of care.
However, as this is a conservative approach, we did a sensitivity
analysis applying the regional estimate from Africa (4% [95%
Cls, 2%-6%]) [18] to regions with no data.

¢} Preterm birth associated with maternal GBS
colonization

We calculated pocled risk ratios or odds ratios for the associa-
tion between maternal GBS colonization and preterm birth [21].
For cohort or cross-sectional studies, the risk ratio was 1.21
(95% C1, 99-1.48; P = 061), and for case-control studies, the
odds ratio was 1.85 (95% CI, 1.24-2.77; P = .003). However, for
preterm birth the results, in terms of the association between
maternal colonization and preterm birth, are susceptible 1o
confounding and bias. For preterm birth, we thus give a range
for the number of cases, based on calculation of the population
attributable fraction, which could be attributable to GBS given
maternal GBS colonization [16] and incidence of preterm birth
[33]. The ranges are based on the range in the 95% Cls of risk
and odds ratios (1.0-2.8) for the association between maternal
GBS colonization and preterm birth,

3, Estimate maternal and infant cases, stillbirthe, and infant
deaths, prevented by LTAP at present, and preventable cases
and deaths with high worldwide [TAP coverage andfor mater-
nal GBS vaccination.

We applied risks, without adjusting for IAP use, to estimates of
live births for 3015 to calculate early-onset cases with no IAP
use. We adjusted for skilled birth attendance as previously and
applied regional facility CFRs to estimate deaths with no [AP
use. We subtracted current cases and deaths in carly infancy 1o
calculate those currently prevented by IAP.

For IAP scale-up worldwide, we assumed that all births
were being attended by a skilled birth attendant, able to pro-
vide careful clinical monitoring for risk factors at delivery and
administer IAF, but we did not adjust CFRs for this. Given these
assumptions, we applied risks of EOGES disease with a clinical
risk factor approach, with coverage =50% and [AP worldwide
where microbiological screening and IAP was not already in

place, We did not calculate cases prevented with TAP for preg-
nant or postpartum women or stillbirths, or late-onset cases as
these are nod the target of IAP and any effect is likely to be lim-
ited due to the timing of IAF administration.

For maternal GBS vaccination, we calculated cases prevented
(with no TAP) by a maternal GBS vaccine with 30% efficacy
and coverage at 50% and 9%, for births in 2015, No assump-
thons were made on skilled birth attendance and/or laboratory
capacity.

4. Describe GBS serotypes colonizing mothers and causing
maternal and infant GBS disease.

We calculated the prevalence of GBS serotypes (1a/Ib/11-X) col-
onizing mothers and causing maternal and infant GBS disease
from meta-analyses of proportions of each serotype reported in
cach disease syndrome [16, 17, 19], We calculated the coverage
ofa pentavalent maternal GBS vaccine (la/Ib/ VLYY based on
these data.

Unceriainty Estimation

For the compartmental model, we induded uncertainty at
every step by taking 1000 random draws, assuming a normal
distribution with a mean equal to the point estimate of the
parameter, and standard deviation (5D equal to the estimated
standard crror (SE) of the parameter. We present the 2.5th and
97.5th centiles of the resulting distributions as the uncertainty
range (UR).

For the incidence or proportional approach, we estimated
uncertainty around the point estimate with the same approach,
taking 100 random draws, assuming a normal distribution with
a mean equal to the point estimate of the parameter, and ST equal
to the estimated SE of the parameter, We present the 2.5th and
97.51h centiles of the resulting distributions as the UR,

Saource Code
Code used for the estimation process is available online at
hittps:fidod, org/ 10,1 7037 /data, 51,

RESULTS

We summarize our results according to our 4 objectives as
follows:

1. Estimate country, regional, and worldwide cases of invasive
infant GBS disease, and outcomes in terms of deaths and dis-
abilitics for live births in 2005 using a compartmental model.

S1ep 1, Exposure to Matemal Group B Streploceccrs Coloniztion

We estimated that, of 140 million live births in 2015, there
were 213 million (UR, 164-27.0 million) Infants exposed to
maternal GBS colonization at delivery. There were 74.5 mil-
liom live births in Asia with 8.9 million (UR, 6.7-10.7 million}
infants exposed, 40.7 million live births in Africa with 8.0 mil-
lion (UR, 53-103 million) infants exposed, 11.0 million live
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births in Latin America with 2.1 million (UR, 1.7-2.5 million)
infants exposed, 260 000 live births in Oceania with 33000 {(UR,
31-36000) infants exposed and 13.4 million live births in devel-
oped countries with 2.8 million (UR, 2.3-3.2 million) infants
exposed (subregional estimates in Supplementary Figure 3).

Swep L Cases of Early-Onset and Laste-Onset Disease in Dilfenest
Intrapartum Antibictic Propiylaxis Sottings

We estimated that there were 319000 cases (UR, 119000-
417000} of infant invasive GBS disease worldwide, Most cases
were EQOGBS disease, with 205 000 (UR, 101 000-327 (0] cases
compared to |14 000 {UR, 44 000-326 000) LOGBS cases. With
a high absolute number of births, and thus newborns exposed,
Asia had the highest number of EQGRS disease cases, with
G5000 (UR, 53-143000). Africa had fewer EOGRES cases 85000
(UR, 44-133000), but, because of the differences in carly-on-
set 1o late-onset discase ratios, more LOGBS disease cases, with
84000 (UR, 43140000} in Africa compared to 17000 (UR,
0= 146000} in Asia. In contrast, developed countries had 11 000
(UR, 0-26000) cascs of EQGES and 6000 (UR, 0-15000) cases
of LOGHS disease (Table 2; Figure 4; Supplementary Figure 4).
Using a fixed worldwide ratio of early-onset to late-onset disease
based only on high-quality studies (sensitivity analysis), we esti-
mated a higher 184000 (UR, 142-196000) LOGBS infant cases.
Asla accounted for this increase, with 84000 (UR, 65-90000)
LOGES disease cases (Supplementary Figure 5),

Stop 3, Deaths in Eady-Onset and Late-Onsot Growp B Strepococcus
Disease

We estimated that there were 90000 (UR, 36000-169000)
deaths in infants due to Invasive GRS disease worldwide.
Africa accounted for 54000 (UR, 220d0-98000) of thess, Asia
31000 (UR, 13000-60 0000, Latin America 4000 {G00- 1ODM0),
Oceania 200 (UR, 60-300), and developed countries 800 (UR,
0= 204K3).

In terms of deaths due to EOGBS, there were 51000 deaths
(UR, 23000-89000) in infants without access to healthcare
worldwide. There werea further 27000 { LVR, 9000 50 000 deaths
from EQGBS in facilities in developing countries. In contrast,
there were 500 (UR, 0-1300) deaths in deveoped countries from
EOGES. In terms of LOGES deaths, overall deaths were lower,
with 12000 (UR, 3-30000) worldwide, Most of these 10000 (UR,
3000-21 000) were in Africa. Regional and subregional estimates
are given in Table 2 and Supplementary Figure & and illustrated
in Figure 5. Countries with the highest number of cases are no
abways those with the highest number of deaths, as illustrated for
Nigeria, Ethiopia, and Pakistan (Table 3).

Step 4 Disability: Calculation of Impaimeent Afer Infamt Group B
Streplococcus Meningitis

‘We estimated that a minirmum of 10000 (UR, 3000-27 000) infants
worldwide had moderate to severe NI after GBS meningitis. Of
these, more than half were in Africa (6000 [UR, 3000-12000]),

with 3000 (UR, 0=11000) in Asia, 700 (UR, 100-2300) in Latin
America, 700 (UR, 0-1700) in developed countries, and <100
(UR, 0-100) In Oceanta (Table 4; Supplementary Figure 7).

Triangulation of Infart lrvasive Group B Streptocovcis INsease
Cases Fraom the Comparimental Model With Estimales Bosed on
Incidence Diata

Applving peoled incidences of EOGES and LOGES to the 140
million live births for 2005, we estimated a much lower burden,
particularly for EOGBS cases, than that estimated using the com-
partmental moedel. We estimated 51000 (UR, 23000-89000)
infants with EQGBS and 40000 (UR, 12000-75000) infants with
LOGES workdwide (subregional estimales in Supplementary
Figures 8 and 9), These are likely to be considerable underestimates
as cases are systematically underascertained, particubarly in bow-
and middle-income contexts, as described in Table 2 and Figure 6.

Infants With lnvasive Groop B Streplococcus Disease Prosonting With
Neomnsial Encephalopathy

We estimated that there were a minimum of 7000 {300-19000)
infants with invasive GBS disease presenting with neonatal
encephalopathy. There were an estimated 34400 (UR, 200-9000)
cases in Asia, 3300 (UR, 100-8600) in Africa, 300 (UR, 0-1 200)
in Latin America, 100 (UR, 0-300) in developed countries, and
10 (UK, 0-40} in Cceania (subregional estimates are given in
Supplementary Figure 107,

2, Estimate country, regional, and worldwide cases, for births
in 2015 using pooled estimates of incidence, proportions,
or risk raties, derived from meta-analyses for maternal GBS
disease, stillbirth with GBS disease, and preterm birth associ-
ated with maternal GRS colonization:

& Maternal GBS disease

We estimated that there were a minimum of 33000 (UR,
13-52000) cases of maternal invasive GBS disease worldwide.
Estimates are given by subregion in Supplementary Figure 11
and region in Table 4,
b, Stillbirth with GBS disease

We estimated that there were a minimum of 57000 (UR, 12000-
104000) cases of sillbirth with GBS disease worldwide, equating
Lo mvimimaeny of 57 000 (LR, 12 000- 104 000} fetal infections. OF
these, Africa accounted for 42000 (UR, 10000-7 1 000} and Asla
13000 (UR, 1000-30000) { Supplementary Figure 12 and Table 4).
Applying the higher regional estimate for Africa to regions where
there are no data (sensitivity analysis), the number of stillbirths
with GBS disease was much higher, at 96000 (UR, 26-168 000)
workdwide, with Aska accounting for 50000 (LR, 14 000-37 000)
of these, almost all the increase (Supplementary Figure 13).

¢ Preterm birth attributable to GRS

We estimated that the range of cases of preterm birth anrib-
utable to GBS was 0-3.5 million. The cases of preterm birth
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Table 2.  Estimated Cases of Matersal, Fetal, and Infant Group B Streptococcal Disease in 2015

Rsgasny Watarnal GBS Duoass Fatal Indoction” EQGES Dasnant LOGES Deaane
Santhaen Adia H00 FICD 42500 00

14000-140001 11200-213001 (23 000-55400 D57 000
Eastern Asia 4100 1300 He0d 3800

A1TO0-E6 7000 1023000 (12 700-22 200 10-30:000
Coantral fsi 400 200 2300 400

AZOO-G00 AB-4000 [H300-3200 AB-300m
Vinstern Asa 1300 800 200 1530

0023001 101 0N 18 10013 800 1012 4004
South-Emtem fais 2000 1600 ¥B00 3600

1120046000 AB-33000 (W B00—I8 TOm 043 2000
A 35900 13400 95300 17000

17 100=28 1001 (120028 5001 [B2E00= 142 5001 10148 5008
Cceania B0 Al 400 100

120-1001 =100 [BOB00-28 TO0H 1043 100
Hortksen Alvica 1400 J0CD 15400 15000

ABOO-23001 (10006700 (EE0-22 400 (B300-34 000k
Southern Afrca 200 BO 4000 3500

1100-500¢ (200-1400) CEIC0-SE00 2300 G000
Eastern Africa 3300 12600 HEADD 25000

113004600 {3100-21 7001 1530040 300¢ 1470042 700
Vinstern Afrca 3300 18300 23500 23000

11 300-62000 1B00-30 8000 [0 200-25 000 (10:300-41 000
Middis Africs 1400 G300 15800 15600

13300-12 500 11600~ 408000 [FE00-256000 (P500-75 900
Afrca BE00 A7 D0 ES 200 20000

NG00 -5 D008 {T0E00- 71 4001 44 300-132 3001 143 100 1800000
Caribboan 200 100 00 1300
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*Hiliturths. inckcated & menemum sstimate of cases of tetal indection,
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attributable to GBS according to each risk ratio (in 0.2 incre-
ments [1.0-2.8]) are given in Supplementary Table 4.

3. Estimate maternal and infant cases, infant deaths, and still-
births prevented by IAF at present, and preventable cases and
deaths with high worldwide TAP coverage and/or maternal
GBS vaccination.

Contingent in the limitations in our estimates, we estimated
that 29000 infants {UR, 0-51 0000 with EOGBS and 3000 (UR,
0-108000) infant deaths were prevented by intrapartum anti-
bistic prophylaxis worldwide in 2015 With worldwide appli-
cation of a clinical risk factor-based approach (microbiological

screening where already in place), and [AP (>50% coverage],
we estimate that E3000 (UR, 0-166000) cases of EOGHES and
27000 (UR, 0-110000) deaths could be prevented worldwide
{not adjusting CFRs for the changes in skilled birth attend-
ance that AP administration would require). With workd-
wide maternal vaccination (and no IAP assumed), a maternal
GRS vaccine with 80% efficacy and 50% coverage would pre-
vent 127000 (UR, 63000-282000) infant and maternal GRS
cases, 23000 (UR, 6000-42000) stillbirths, and 37000 (UR,
15000-65000) infant deaths. A maternal vaccine with the
same assumplions with 90% coverage would prevent 229000
{UR, 114 000-507 000} infant and maternal GBS cases, 41000
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Developed Asia
N=20,000 N=143,000
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Africa
dispase cages
N=220,000
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Figmre 4, Cases estimated for group B streptococeal (GBS] diseass in pregnant/postpartum women, fatwses, and infants in 2005, by United Nations Sustainable
Development Goal negion. "Stillarths représent & minimuem estimate of fetal infection cases. More detals ane shown in Supplementary Figunes 4, 11, and 12

(UK, 3000-75 000} stillbirths, and 67 000 (UR, 12000-123000)  Serotype 111 is the most dominant serotype and colonizes 28%
infant deaths (Figure 7). of mothers worldwide, It causes 48% of EOGRS, 74% LOGRS,
and 29% of maternal GBS disease (Figure 8}, A pentavalent vac-

4. Describe GRS L lonizi athi d i
. Seroiypes coltiizilg mothers anc CUSNE  ine (/ILVIIV) would cover 96% of worldwide colonizing

maternal and infant GBS disease.

&

B Rilkirth

Latin America
N=5,000
(1,000-12,000)

® Carhy cndet GBS
disease deaths

W Late-onset GBS
nlant disease
deaths

Figmre 5.  Deaths estimabed from group B stneptococcal [GES] diseas: Tor infants and stillbirths in 2015, by Linited Matios Sustainable Development Goal magion, hatemal
deaths mot estimated. Mo details an shown in Supplementary Figures B and 12
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Table 3. Countries With the Highest Estimated Nembers of Infant Group B Streptococcal Disease Cases and Deaths

Casis Dauths
Rank Countiy Inkant Cadns Rank Country Iatant Dasths
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10=7E D00} (S000-23 000
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& Egvit 1000 -] Pakistan 000
IBO00=210000 (M000=5000}
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Table 4. Stillbiath, Intant Deaths From Geowp B Strepiococcal Disense and Resultant Dissbility Estimated in 2015
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Figmre 6.  Care and maasurament gap estimating cases from incidence and prevalence data. Adapted from Lawn at al [15] Triangulation of astimates from comparimental
o] eomysaned bo incidience dats fod rvasive inlant disease s detailed in Supplementary Figeres B and 9. Abbrindation: GBS, group B Stapiocascus.

Isolates, 86% of EOGRES disease, 93% of LOGRS disease, and
7% of maternal GBS disease. While there are a limited num-
ber of GBS capsular types (n = 10), the distribution by reglon
varies, particularly for maternal GBS colonization; serotypes V,
W1, WIL, VUL, and [X are more commaonly reported in South-
Eastern Asia (23%) (Supplementary Table 5).

DISCUSSION

GBS is established as a leading cause of infant disease, particu-
larly in the first week after birth, as evidenced by our estimation
of 205000 {UR, 100 000-327 000) neonates with EOGES world-
wide, Furthermore, there are a minimum 33000 (UR, 13-52 000)
maternal GBS cases, 57000 (UR, 12000-104 0000 fetal infec-
tions/stillbirths, and 114000 (UR, 44000-326000) infants with
LOGES. Up to 3.5 milBon preterm births could be atiributable to
maternal GBS infection/colonization worldwide { Figure 9).

Importantly, GBS is also a significant cause of death, with
57000 (LTR, 12000 104 000 stillbirths and 90000 (UR, 36 000-
169 000) Infant deaths estimated In 2015, TAP prevented an
estimated 3000 (UR, 0-108000) carly neonatal deaths in 2015,
mainly in high-income contexts. A maternal GBS vaccine,
for which candidates are in development (Table 5), with 80%
efficacy and 30% coverage could prevent 108000 (UR, 20000-
198 000 fetal and infant deaths. GBS accounts for more than the
total number of deaths from mother-te child transmission of
human immunodeficiency vimes, and more than the combined
neonatal deaths from tetanus, pertussis, and respiratory syncy-
tial wirus (Table &), for which maternal vaccines are already in
use, of in advanced development.

The compartmental model approach mitigates some of the
very substantial problems with low case ascertainment for
invasive infant discase, which can result in huge underestima-
tion, especially in low-income contexts. Our comparatively
low estimates using infant incidence data are a result of cases
being “missed” through lack of access to healthcare, inadequate
clinical assessment and suspicion of infection, lack of diagnos-
tic testing, and lack of appropriate laboratory detection meth-
ods such as high-quality blood cultures (Figure 6). Sensitivity
of microbiological cultures is further reduced if there has been
peripartum antibiotic exposure in the mother or infant, These
biases are not included in the uncertainty around estimates from
incidence or prevalence data, and thus the uncertainty bounds
are likely too narrow, In contrast, the wide uncertainty bounds
in the compartmental model, a result of including uncertainty
at every step, better reflect the true uncertainty in estimation of
these outcomes. In addition, in the compartmental model we
addressed other sources of underestimation, by adjusting mater-
nal GBS colonization for sampling site and laboratory methods
[16] and only applying CFRs from facility data to births with a
skilled birth attendant. Those born at home without access to a
skilled birth attendant and who develop EQGBS will have very
high, but unobserved, and thus unknown, CFR (Table 7). There
are, however, limitations to the compartmental medel approach,
as described in general elsewhere [15], and in particular where
parameters are derived from incidence data, such as the ratio of
EOGES to LOGRS dissase. This ratio could be affected through
differentially low case ascertainment in EOGES compared 1o
LOGES disease or vice versa. EOGES cases can be reduced with
difficulties accessing care after birth andfor a high rapid CFR.
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LOGRES, which more frequently is meningitis, may be differ-
entially reduced if cerebrospinal Muid sampling is infrequently
undertaken, as is often the case in Asta [41].

In high-income contexts, reported incidence data are more
reliable. In these countries incldence and trends can be mon-
itored, and surveillance data show that GBS remains one of
the maost important neonatal and young infant pathogens.
The United Kingdom, the MNetherlands, and France recently
reported increases in incidence of infant disease [42-44]. In
the era of Haemaophilus influenzae type b and pneumococcal
conjugate vaccines, GBS is now the leading cause of bacterial
meningitis in young children in the United Kingdom and the
United States [45, 46]. In low- and middle-income contexts,
reported incidence data are more subject to the biases in case
ascertainment described, However, for Africa, our estimates of
cases of infant disease and fetal infection or stillbirth, are con-
sistent with recent reports of high incidence of GBS disease
in facilities from Kenya and South Africa, where assessment

and sampling recently have been systematic [47, 48]. For Asia,
there is more uncertainty as to the burden of GBS disease, Until
recently, the incidence of infant GBS disease was thought to be
very low. In addition, there are no data on GBS disease in still-
birth from Asia. In our moded, with a very high number of live
births in Asla, absolute numbers of infants with EOGRS were
high, despite the lower maternal colonization prevalence, sug-
gesting that cases are currently underestimated. For stillbirths,
if the prevalence of GBS disease in stillbirths is comparable 1o
Africa, rather than high-income contexts, the toal number
of stillbirths with GBS disease worldwide would almeost dou-
ble. However, the compartmental model could overestimate
invasive infant disease andfor stillbirth if there are biological
differences, which it does not account for, There may be differ-
ences in virnlence of GBS strains circulating in the region, GBS
clomal complex 17 (ST17), strongly associated with serotype 111,
is hypervirulent [45, 49] and less frequently reported in Asia,
both for maternal colenization [16] and neonatal disease [19].
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Ohur estimates of maternal GRS disease, stillbirths, and infants
with invasive GBS disease presenting with neonatal encepha-
lopathy are all likely to be underestimates as they are all subject
to similar challenges for case ascertainment as infant invasive
disease, and we were not able to include these in the compart-
mental model. Invasive GBS discase in newborns presenting
with neonatal encephalopathy is further underestimated as the
data derive mainly from cooling trials in high-income contexts,
with strict case definitions (Figure 2) [22]. In additbon, we do not
attempt to measure the burden of noninvasive in utero infection,

which may sensitize the fetus and increase the risk of neonatal
encephalopathy (Figure 9). The challenges of estimating nonin-
vasive disease and the potential size of the unquantified burden
are illustrated by the data on the attributable cases of preterm
birth [21]. Even a small increase in risk of preterm birth attrib-
utable to GBS would account for many preterm births. For other
pathogens, such as Streptococcus preunnoniae, invasive disease
among children accounts for only 10% of all serlous disease,
with the majority (>80%) of deaths ecourring from nonbacter-
emic preumania cases. Robust epidemiological data are critical

Unquantified cases and deaths in unmeasured invasive GBS disease

Increased rick of
P OOy EOpETEA

Ry
b s fo quarsly

#0,000
e daath

infant

cinatalby
tull e s oty

Unmeasured bunden in non-invasive GBS dsease

Figmre 3.  Summary of outcomes and measurement gaoes in tenmes of daaths and desakility from groun B Streococres (GBS) in pregnant women, stillbirths, and infants
workiwide in 2015 Mom details of cases and oxtcomes am shown in Supplementary Figares 4. 6.7, 10-12
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Table5 Maternal Group B Streplococcus Vaccines in Developmest With Data in the Public Domain

Phasa
Vaccing Candidats  Manulacturer Vaccirm Construct Discovery  Prechnical  Phase 1 Phase 2 Program Status
HA, Plizer Multivalans CFS conjugate X Qlinical program start in 2017 158)
GBS vaccias MovartisGEK Treewlanit CPS (serotypes X Compleied safety ard mmuno-
L, lia, 11 eorjugansd 1 GEREITY if BOBGRANT wWaren,
CRM,,.. unbdinanted Study comphted [27 56-61]
WA G5 Pansvalent (la, Iz, 1, 0.9 X
CRSCRM,,
HA 658 Filus protsing X
HA, Bl Pohreulont CPS conjugate X Pragram sart in 2017
GBS-HN vacorsl B H-garmaing of Rib and X Safety wnd immuncgenicity in
MVETI211 Alpha C surfsce pro- o, Sdudy

neing, uhadjuvanted o
Albycirogelad umnied

nonpregnant
complated |26, 62, 83|

inpiorevatons: CFS, capsular podyssoch cous; MA, rol svalable.

: GHS, growy B Swep

o strengthen the investment case for a GBS vaccine and 1o
firmly establish the true global burden of disease [50]. Vaccine
probe studies during phase 3 maternal vaccine trials, or postli-
censure, could also be used to contribute to our understanding
of the total disease burden, incheding noninvasive disease [51],
The current mainstay of prevention against infant GBS dis-
ease is AP, which prevented an estimated 29000 (LR, (-51 000}
cases of EOGRS in 2015, mainly in high-income contexts [19].
IAP implementation ks more common, and more feasible, in
high-income contexts [23], because it requires a continuum
of care, including a skilled birth attendant able to administer
antibbotics intravenously, and with access to laboratories for a
microbiological approach, andfor careful assessment for a clin-
ical risk factor-based approach. There is low implementation,
or no TAF national policy where health systems have limited
infrastructure, In addition, LAF does not target the 204000 (UR,
G9000-481000) cases of maternal, fetal, and late-onset infant
invasive infection (7-89 days). It is possible that there is some

coingident reduction in disease with IAP, particularly in preg-
nant women [17], but it is likely administered too late in the con-
text of stillbicth [15], In addition, IAP does not reduce maternal
colonization, so there is no reduction in infant exposure and col-
onization, and consequent late-onset infant disease [19].
Maternal vaccination has the advantage over [AP in that it
could leverage off existing antenatal care platforms, as success-
fully used in high-burden countries to reduce neonatal tetanus,
where high coverage has been achieved [52]. It would also be
expected to reduce adverse outcomes for invasive disease in preg-
nant and postpartum women, fetuses/stillbirths, and infants. A
maternal GBS vaccine with 80% efficacy and 50% coverage would
prevent 127000 (63 000-282000) infant and maternal GBS cases,
and 0000 (UR, 22000-110000) stillbirths and infant deaths. 1f
coverage were increased 1o 90%, 229000 (LR, 114000-507 (00}
infant and maternal GBS cases and 108000 (UR, 20000- 198000}
fetal and infant deaths could be prevented. Maternal GBS vaccina-
tion could also reduce the unguantified burden from noninvasive

Table 6. Comparizon of Annusl Estimates of Inlectious Etiologies Causing Stillbirth, Intant Diseass, and Death Worldwide, Incleding Those Where

Maternal Vacecination Is Used or Could Be Used 1o Reduce This Burden

He. of Megnatal of Other Rolivant Deaths Related 1o

Dizease Sallnirths Maternal Infection or Manimmunity Mo, of Msonatalfinfand Cases par Year
Group B Strepiooooous BT 000 {12 000= 103 000 S0 000" (41 000-185 0004 319 000 (118 000=417 0000
Pesparatory syrcytial winss Mat applicable 2T 3008 (20 TO0-36 200 |64) HA

Portusss M FT00 j65) HA

Syphils 00000171 &2 000 [65] 102 D00 66

Tatamm Mot applcable 34 000° (15 000-54 000 |57 RA

HIMEAIDS 000 (7] B Q00* (PE000- 101 000 |67 HA

Msana 213 000 7] Ha HA

Doty sm prosanted oy ssturads lunosrtandy rangal

Abbrevatons HI humen imrunodeficiency wius, A, no eleant satimale salible
Tosney inlans 10-80 deysl

Firfants 10-6 monthsl.

THaonates i0-17 daysh

“8orki Haskh Oeganization modelng beed estirmates acprenimately 58 TO0 pertusais deaths in children <5 yaars ol age in 2015 borm which the neshatal component is dered 155]. Other
W UGS Tha barden codid be haghatr weth BG0 TO0 deaths rangs, 5 000-670 000 with sensnswty snaberesd in thddren <h yaans of age 1081
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Table 8 Key Findings and Inplications

What's now sbaat this?
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What aeo the main findinga?
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(mathar 1o child irarsmission], o mone than the combined necnatal deaths Trom ietanus, pertussis, and RSV (Tablo &)

#* Disabilty: > 0000 LR, 3000-27 0001 new cases of neuradevelopmental imparment per yasr dus 16 infan GBS meningitis.

= Quhor outcemnos: Up 1o 3.5 mebon cases of proterm bith atirisutable 1o GBS,

Hewr can the date ba smeeoyed?

*  GOOQrEOnIC, Mo mits ais neecer worklwioe, bol sepecisly oom Asin

* Dhasomes pafticuls Gapd inchads matermal doaass, s10binh, g emant iftor infant GES sapais and camarbedity with neonstal encophalopathy, Incasion
o (¥5 Axmeamnnta m maTenal snd nicoatsl colsn-ol G th Kides Shoull b enhanced

= Epomomic: costeflactivencss modelng based on thete estmains, and franshition fo DALY's wolld be a further stop befom undertaking economic modelng,

= Waccine Fisls: vlrderdiced definitians ol vecoire endpoints. shie ersbling comperison of observlional date, and infermng proguim monioring e evelastion,

What does it mean for pabey and programs?

+ Current provision of AP prevents an estimated 73000 (UR, 0-51000 cases of EOGES discase.
= hatemal vaccination: With 0% efficacy and 90% coverage could prevent 229000 [UR, 114000-507 000! infant and matemnal GBS cases, 41 000 (UR,

BO00-75 0004 aulEsrths, ared 67000 IR, 120001230001 infan: desaths

inpiorevunones: DALY deaniryadesied Weyear, EOGES, eardvonset group B Streptoccccus; G5, group B Seeptooocous: MV umas mmmunodehicsency wus; W ntraparum antbsoto

prophylan: BRIV teagatony sprndytial v, UR, uncertainty mangs

disease, including. but not limited to, preterm birth. Several GBS
vaccine candidates are now in active development [ 26] and these
must be subject to appropriate safety and efficacy tests, but vac-
cine manufacturers are increasingly committed to investing in a
GRS vaccine (Tahle 5).

There are key public health and economic considerations, to
which these estimates contribute. These include (1) the estimated
vaccine-preventable mortality burden; (2} the estimated scope,
size and cost of a licensure trial; and (3) the cost-effectiveness
of a maternal GBS vaccine, 1o inform policy recommendations,
vaccine demand, and financing [51, 53, 54). Cost-effectiveness
miodels fior a maternal GBS vaccine thus far have primarily con-
sidered GBS sepsis and meningitis as avertable causes of neona-
tal mortality [53]. Our estimates of the burden of GBS disease
in pregnant and postpartum women and stillbirths, as well as
infant disease, suggest they may be additional endpoints worthy
of inclusion in a GBS vaccine trial.

GBS is a leading cause of invasive infection in infants, but
GBS disease in pregnant and postpartum women and stillbirths
i% also important worldwide, GBS accounts for a far higher bur-

than ITAP. Maternal GBS vaccination has the potential to reduce
this disease burden worldwide, within the next generation and
including the poorest families (Table 8).
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Appendi: Multiple Regression Model for Maternal GBS Colonization Prevalence

Purpose: Multiple regression mosdels are commonly used to esti-
mate the burden of diseases, particularly for a single parameter,
eg, stillbirth rate or preterm birth rate, In the case of GBS, there
are usually multiple outcomes that can be better estimated using
a stable compartmental model as discussed elsewhere in this
supplement | 15]. However, we wanted to assess other approaches
including whether a multiple regression model could be used to
predict the national prevalence of maternal GBS colonization,
using national-level covariates. Maternal GBS colonization prev-
abence is the parameter with the most data available to which a
multiple regression model can be applied

Inputs: Maternal GBS colonization prevalence data (n = 74)
were obtained from published and unpublished literature on GBS
worldwide, as described elsewhere in this supplement [ 16). Fifteen
national-level covariates plausibly associated with GBS coloniza-
tion prevalence were selected for possible inchusion in the model
as predictor variables (full details in Supplementary Table 3):

fog adult female obesiry [34], skilled attendant at birth (SBA)
[35), log amtenatal care (4 visits), mean years female eduwcation
[32], gross matiomal income (GNI) [36], log meonatal mortalily
rate (NMR) |37], prefected af birth against tetanus (PAB), low
birthweight rate (LBW) |358), log general fertility rate (GFR) [39],
log GINI cocfficient [36], proportion cesarean delivery, syphilis

irdex [40), United Natians region, United Nations subregion, awd
percentage papulation urbin,

The association between potential covariates and maternal
GES colonization prevalence was examined using scatterplots
(Supplementary Flgure 1). Univariable analyses were under-
taken to quantify the relationship between GBS maternal colo-
nization prevalence, and continuous variables to assess if these
predictors performed better when log transformed. Predictors
were then assessed for retention in the model by removing one
predictor at a time from the model (starting with the predictor
with largest Bayesian information criterion [BIC] on univariate
analysis), and dropping the predictor if the model was improved
(ie. bower BIC compared to the model containing the predictor).

Model equation and fit: The equation of the final model
resulting from the process described above was:

Log(GBS prevalence, | = a+ b(LBW, | +¢( Log(GINT, )}
+d(GNI, | +e(sBA, )
+_f{l.-']\'rq:'an,’:|+u., +g

bid, efd, di), and e} represent functions each invelving 2
parameters, f() indicates a 5 parameter function associ-
ated with 5 dummy variables representing different United
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Mations regions, u represents country-specific random effects,
assumed to be independent normally distributed with constant
variance, and ¢ represents individual data point-level residu-
als, assumed to be independent normally distributed with con-
stant variance.

We evaluated the model fit by running a series of diagnostic
plots including analyses of regression residuals, The results from

the diagnostic plots (Supplementary Figure 24) and the scatter-
plot of observed vs predicted data (Supplementary Figure 2B)
showed evidence that the model fits the data poorly.

Conclusions: This modeling approach was hampered by the
limited numbrer of data inputs and particularky by the lack of a
strong relationship between available covariates and maternal
GES colonization.
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