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SUMMARY

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 (U5MR). 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 U5MR 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 
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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 Manhiça, 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 Investigação 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. A cross-sectional study investigating the epidemiology of GBS and E. Coli 
infections in Manhiça, 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 Manhiça; 

vi. A retrospective data-analysis using the morbidity surveillance system 
(MSS) ongoing in Manhiça 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. A retrospective data-analysis using hospital data of 16 years linked to 
the demographic surveillance system (DSS) ongoing in Manhiça 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% CI 0.36-0.47) and LOD incidence was 0.26 (95% CI 0.21-0.30). 
Overall CFR was 8.4%, being highest in Africa (18.9%, 95% CI 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% CI 7.0-12.0) ranging from 5.0% in developed 
countries to 27.0% in Africa. LOD CFR was 7.0% (95% CI 4.0-9.0) also lower 
in developed countries (4.0%) compared to Africa (12.0%). Serotype III 
(61.5%) dominated, with 97% of invasive disease being caused by just five 
serotypes (Ia, Ib, II, III 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 
Manhiça 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%), Ia (14.7%) and III (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% CI 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 Manhiça 
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 to implement.  Serotype III 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 Ia/
Ib/II/III/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 Manhiça, 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 Justificación
La mortalidad de lactantes y niños ha jugado un papel crucial en los patrones 
de transición de la salud y es considerado un buen indicador de desarrollo 
y modernización demográfica a lo largo del tiempo. El establecimiento de 
los Objetivos de Desarrollo del Milenio (MDGs) supuso una importante 
inyección 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 reducción de la mortalidad infantil en todo el mundo.

Entre 2000 y 2015, la implementación y ampliación de intervenciones 
para salvar vidas dirigidas contra las principales causas de muerte (CoD) 
en menores de 5 años, como la malaria, la neumonía, la diarrea o el 
sarampión, redujeron en más de un 60%  la tasa global de mortalidad en 
niños menores de 5 años (U5MR). Sin embargo, esta disminución en la 
mortalidad infantil no fue suficiente para alcanzar el objetivo específico 
de supervivencia infantil establecido por los MDGs: reducir en dos terceras 
partes la U5MR en 2015 respecto a las cifras de 1990. Una significante 
barrera para lograr tal ambicioso objetivo fue el hecho de que la mortalidad 
neonatal disminuyó a un ritmo mucho más lento que la mortalidad en 
niños entre 1 y 59 meses, especialmente en países empobrecidos (LIC) del 
África Subsahariana (SSA).

Esta información es consistente con el cambio que se ha producido en 
la clasificación de CoD a lo largo del tiempo. Las estimaciones sugieren 
que algunas de las enfermedades para las cuales se han implementado 
estrategias (sarampión, malaria, diarrea o neumonía) han sido o están siendo 
reemplazadas como principal CoD entre los niños menores de 5 años 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 niños menores de 5 años en 2016 y, dentro de ellas, las complicaciones 
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de los niños 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 países pobres no son fiables, incluyendo 
registros vitales y hospitalarios  disponibles y las autopsias verbales. Algunas 
herramientas innovadoras, como las autopsias mínimamente invasivas 
(MIA), que están siendo exploradas actualmente con motivo de vigilancia de 
mortalidad, parecen ser potenciales herramientas que mejorarán nuestra 
compresión sobre qué está realmente matando a neonatos y niños en 
países de renta media y  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 países 
industrializados. Sin embargo, la información sobre estas enfermedades 
y su impacto en  LIC es más limitada. La sepsis precoz (EOD, 0-6 días), 
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 tardía (LOD, 7-89 días) normalmente se debe a una 
infección de transmisión horizontal (adquirida en la comunidad o adquirida 
en el hospital) y los patógenos más frecuentes que la producen son E. coli, 
Klebsiella spp., GBS y otros organismos Gram-positivos (Staphylococcus 
aureus y Estafilococos coagulasa negativos). La colonización materna 
por estos patógenos es crucial para ser verticalmente transmitida a sus 
descendientes, presentándose en esos casos como EOD. La prevalencia 
de esta colonización materna puede verse afectada por el Virus de la 
Inmunodeficiencia Humana (VIH), el estado nutricional  y otros factores de 
riesgo maternos. Las estrategias de prevención como la detección materna 
de GBS al final del embarazo y la profilaxis antibiótica intraparto (IAP) han 
demostrado su eficacia para reducir drásticamente la EOD. Sin embargo, 
IAP actualmente no está llegando a todas las mujeres necesitadas, debido a 
la fragilidad de los sistemas de salud en países empobrecidos, a la escasez 
de estructuras de laboratorios necesarias o simplemente porque una 
significante proporción de partos en estos contextos todavía se producen en 
el hogar. Además, no se están 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 niños más 
mayores son las infecciones englobadas en el síndrome TORCH. La pandemia 
del VIH y el brote del virus del Zika han suscitado gran preocupación en todo 
el mundo y han destacado la importancia de otros patógenos que afectan 
a los niños incluyendo virus, parásitos y hongos. La detección de algunas de 
estas enfermedades, como la sífilis o el VIH, se ofrece de forma rutinaria a las 
mujeres atendidas en las consultas prenatales (ANC) de países empobrecidos. 
Sin embargo, no ocurre lo mismo con la detección de otros posibles patógenos 
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 
infección congénita por CMV (cCMV) es la más frecuente y la principal causa 
de sordera en los países desarrollados. Sin embargo, como sucede con la 
mayoría 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 vacunación materna durante el embarazo bajo la 
suposición de que la transferencia materna de anticuerpos al recién nacido será 
más factible, eficaz y rápidamente más protectora que esperar la generación 
de respuestas inmunes neonatales a las vacunas administradas directamente 
a ellos. Esta estrategia de “vacunación vertical” ya se ha implementado con 
éxito para el control del tétanos y la tos ferina, y se está explorando contra 
otros patógenos.

Existen otras causas bien conocidas de enfermedad grave y mortalidad en 
los niños, aunque generalmente no figuran como causas directas de muerte 
y, por lo tanto, a menudo se olvidan en las estimaciones mundiales. Los 
niños desnutridos, los recién nacidos con bajo peso o pequeños para la edad 
gestacional pueden sufrir enfermedades o complicaciones que amenazan su 
vida y tener secuelas graves. En muchos casos, el pronóstico y resultado final 
está determinado por la condición subyacente en vez de por la enfermedad 
aguda. Por otro lado, la emergencia de ciertas complicaciones como por 
ejemplo la hipoglucemia, relativamente común en la evolución de muchas 
enfermedades diferentes (malaria, sepsis, diarrea, malnutrición o neonatos en 
general), pueden determinar el pronóstico 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 países de renta media o baja, al menos la mitad de las muertes 
de niños se producen en casa, a menudo sin haber sido visitados por un 
clínico. Sin embargo, en algunos casos, los niños 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 guías 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 fenómeno olvidado y poco estudiado. De hecho no se han 
desarrollado guías, recomendaciones o estrategias adicionales para abordar 
los días inmediatamente posteriores a alta hospitalaria, el cual es un período 
crítico 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 políticos 
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 países con mayor 
morbi-mortalidad y desarrollar e implementar intervenciones para abordar 
las enfermedades que causan el mayor número de muertes entre los niños 
menores de 5 años.

Esta tesis pretende abordar cuestiones relacionadas con las enfermedades 
graves que causan la mayoría de las muertes en lactantes y niños menores 
de cinco años y para las cuales no se han implementado intervenciones 
específicas en Manhiça, un área 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 Clínic-Universitat de Barcelona 
en España, el Centro de Investigación en Salud de Manhica (CISM) en 
Mozambique y en la colaboración con la London School of Hygiene and 
Tropical Medicine de Londres.
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Esta tesis está estructurada en siete artículos: tres publicados en revistas 
internacionales peer-reviewed, uno aceptado pero todavía no publicado 
y tres artículos adicionales actualmente en revisión: 

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

ii. Una revisión sistemática 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; 

iii. Un estudio transversal que investiga la epidemiología de las infecciones 
por GBS y E. Coli en Manhiça, un área semirural del sur de Mozambique, 
con el fin de determinar la prevalencia y los factores de riesgo de  
la colonización materna y la aceptabilidad por parte de las mujeres 
del uso de hisopos vaginales y rectales para la detección de GBS y 
de E. coli; 

iv. Una revisión de la epidemiología de las infecciones congénitas en 
países empobrecidos; 

v. Un estudio transversal para determinar la prevalencia de transmisión 
vertical de CMV, EV y B19V en Manhiça; 

vi. Un análisis retrospectivo de los datos utilizando el sistema de vigilancia 
de la morbilidad (MSS) en curso en el hospital distrital de Manhiça 
para describir la prevalencia e incidencia de hipoglucemia entre los 
niños mozambiqueños ingresados, la distribución entre los grupos 
de edad y el CFR asociado;

vii. Un análisis de datos retrospectivo utilizando datos del MSS y del 
sistema de vigilancia demográfica (DSS) en curso en el distrito de 
Manhiça, diseñado para conocer la carga del mortalidad post-alta 
pediátrica en el área, identificar predictores de mortalidad después 
del alta y desarrollar modelos que podrían estratificar eficientemente 
a los niños según el riesgo del PDM .

Los siete artículos han sido escritos por el autor de esta tesis como primer 
autor y  abarcan metodologías variables, que incluyen investigación original, 
revisiones y meta-análisis.
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Resultados Clave
Los estudios incluidos en esta tesis proporcionan resultados importantes 
y resaltan las lagunas de conocimiento que contribuirán a mejorar nuestra 
comprensión de las enfermedades graves que causan la muerte entre 
lactantes y niños africanos y para las cuales todavía no se han implementado 
intervenciones en Mozambique.

El primer artículo revisó la carga general de mortalidad neonatal, destacando 
la importancia de reducir la tasa de mortalidad neonatal (NMR) para 
alcanzar el objetivo específico para la supervivencia infantil establecido 
por los SDGs para el año 2030, ya que las muertes neonatales representan 
casi la mitad de las muertes entre los niños menores de cinco años. Los 
esfuerzos nacionales e internacionales deberían 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 países con mayor carga para alcanzar 
el ambicioso objetivo de reducir la mortalidad infantil a 25 por 1000 recién 
nacidos vivos (LB) para el año 2030.

La revisión sistemática y el meta-análisis en enfermedad invasiva por GBS 
representan una actualización importante de la revisión previa ya que 
incluyen nuevos datos países de renta media y baja (18 nuevos estudios 
de 10 países). La incidencia combinada de enfermedad GBS invasiva en 
recién nacidos <90 días fue de 0,49 por 1000 LB (IC del 95%: 0,43-0,56), 
y fue más alta en África (1,12) y más 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 más alto 
en África (18,9%, IC del 95%: 13,7-24,0), cuatro veces mayor que en los 
países desarrollados (4,7%, 3,3-6,1). El CFR de los casos de EOD fue del 
10.0% (95% CI 7.0-12.0) siendo del 5.0% en los países desarrollados y del 
27.0% en África. El CFR entre los casos de LOD fue del 7.0% (95% CI 4.0-9.0) 
también más bajo en los países desarrollados (4.0%) en comparación con 
África (12.0%). El serotipo III (61.5%) fue el más frecuente, con 97% de los 
casos causados   por los serotipos Ia, Ib, II, III y V.

El tercer artículo está enfocado a la colonización materna por GBS y E. coli 
en un área semi-rural de Mozambique. El estudio encontró 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 
encontró asociación entre estar colonizado por GBS y E. coli y factores de 
riesgo maternos. Todos los aislamientos de GBS fueron completamente 
susceptibles a penicilina y ampicilina. Los serotipos V (32.4%), Ia (14.7%) 
y III (10.3%) fueron los más comúnmente encontrados y el 69.2% de las 
mujeres evaluadas tenían 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 revisión de la epidemiología de las infecciones congénitas en países de 
renta media y baja abarcó un período de 45 años y destacó que la carga 
de infecciones congénitas puede ser mayor en estas regiones que en los 
países industrializados, aunque existen lagunas importantes respecto a 
los datos. 

El quinto artículo incluído en esta tesis tenía como objetivo describir la 
prevalencia de varias infecciones congénitas en una cohorte de recién 
nacidos. El estudio encontró que 37 de 118 madre de estos recién nacidos 
eran VIH positivas. La prevalencia de infección congénita por CMV, 
detectada por reacción en cadena de la polimerasa a tiempo real (RT-PCR)  
a través de muestras de sangre seca de cordón umbilical, fue del 2.6% 
(3/115) y del 6.3% (3/96) cuando se evaluó mediante RT-PCR en aspirados 
nasofaríngeos 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 infección congénita por CMV entre los expuestos al 
VIH y los no expuestos (OR 1.26, 95% CI 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 cordón fueron negativos en todos los casos evaluados. No se 
encontraron hallazgos histológicos específicos en los tejidos de la placenta 
ni tampoco se encontraron factores de riesgo asociados a la transmisión 
vertical de estas infecciones virales.
 
El artículo sexto pretendía caracterizar los episodios de hipoglucemia entre 
todos los ingresos pediátricos en un Hospital distrital de Mozambique por 
un periodo de 13 años. La prevalencia global de hipoglucemia del 3.2% (<3 
mmol/L) entre los 45 573 niños <15 años hospitalizados debido a cualquier 
enfermedad. De ellos 2/3 (972) tuvieron niveles <2.5mmol/L. Los niños 
con hipoglucemia tenían 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 postración, la pérdida del conocimiento, 
el edema, la malnutrición y la bacteriemia. La tasa mínima de incidencia 
de hipoglucemia basada en la comunidad fue de 1.57 episodios/1000 
niños-años a riesgo (CYAR), disminuyendo significativamente a lo largo 
del período de estudio. Los recién nacidos mostraron las incidencias más 
altas (9.47 episodios/1000 CYAR, p <0.001). 

El último artículo incluido en esta tesis evaluó la carga de mortalidad 
post-alta entre niños mozambiqueños menores de 15 años hospitalizados 
en el Hospital distrital de Manhiça. El estudio encontró una mortalidad 
post-alta global del 3.6%, con la mitad de las muertes ocurriendo en los 
primeros 30 días. Un modelo predictivo primario para todas las edades 
(<15 años) incluía: menor edad, desnutrición, antecedentes de diarrea, 
síntomas de neumonía clínica, postración, VIH y/o síntomas asociados 
a la desnutrición, bacteriemia, estado VIH positivo, estación lluviosa y 
transferencia o fuga del hospital, con un área 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 específico para lactantes 
<3 meses identificó 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 días de seguimiento. Al aplicar estos modelos 
como un algoritmo en el momento del alta, se identificarían alrededor del 
80% de los niños con alto riesgo de mortalidad en los primeros 90 días 
después del alta hospitalaria y se podría hacer una mejor planificación del 
alta tratando de evitar la muerte en el hogar.

Conclusiones y Recomendaciones
Para alcanzar el objetivo específico para la mortalidad infantil establecido 
por los SGDs para el año 2030, se necesita un progreso acelerado en la 
reducción de la mortalidad neonatal en los países con mayor mortalidad 
infantil. Si este objetivo no es considerado una prioridad, el mundo no 
logrará 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 niños después del 
primer mes de vida y reducir el número 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 África, donde la incidencia es 
más alta, la mortalidad asociada al GBS es también la más alta y cuatro 
veces más alta que en los países desarrollados, lo que sugiere que esta 
es la región donde las estrategias de prevención son más importantes de 
introducir. El serotipo III representó más 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 están 
disponibles en países empobrecidos, los cuales también presentan un mayor 
número de partos en el hogar y un acceso tardío a las instalaciones sanitarias 
en el momento del parto, haciendo más difícil de implementar la IAP. La 
vacunación materna es una estrategia alternativa muy prometedora ya que 
los datos que tenemos sugieren que una vacuna conjugada pentavalente 
(que incluya los serotipos Ia/Ib/II/III/V) cubriría casi todos los serotipos 
causantes de enfermedad (97%) en niños pequeños en todo el mundo.
En el sur de Mozambique, la prevalencia de la colonización por GBS y E. 
coli entre las mujeres embarazadas es alta y comparable a las reportadas 
en entornos similares y en países de rentas altas. La infección por VIH 
no fue un factor de riesgo para la colonización por GBS o E. coli en este 
estudio. El serotipo V fue el más prevalente en Manhiça, Mozambique 
y difiere de los encontrados en la mayoría de los estudios realizados en 
otros países. Por lo tanto, es esencial identificar los serotipos prevalentes 
en cada región con el fin de conocer los posibles requisitos de cobertura, 
impacto e implementación de futuras estrategias de vacunación 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 países de renta 
media y baja indican que la carga de las infecciones congénitas puede ser 
mayor en estas regiones que en los países industrializados. La transmisión 
vertical de CMV en el sur de Mozambique es más alta que en países 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 clínica y las consecuencias de las infecciones congénitas de 
CMV, B19V y EV en entornos con recursos limitados.

La hipoglucemia es una complicación común de muchas enfermedades que 
causan la hospitalización en niños en Mozambique, especialmente entre 
recién nacidos y niños con infecciones graves y está asociada con un riesgo 
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de muerte excesivo e inaceptable, considerando que es una complicación 
tratable. Una sola determinación de glucemia al ingreso no es suficiente 
para descartar la hipoglucemia entre los pacientes ingresados y debería 
ser evaluada de manera recurrente durante la hospitalización. Se deben 
investigar urgentemente alternativas diagnósticas y terapéuticas mejores, 
más baratas y más innovadoras para abordar de forma más eficiente las 
consecuencias de la hipoglucemia en los países 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 días después del alta hospitalaria es mayor 
que la mortalidad durante el ingreso, especialmente en los primeros 30 
días 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 fáciles de recoger podría identificar fácilmente 
a la mayoría de lactantes y niños con alto riesgo de morir después del alta. 
Las perspectivas futuras de investigación deberían considerar la validación 
de modelos predictivos en diferentes contextos y la evaluación prospectiva 
de su precisión para identificar a los niños en riesgo de morir después del 
alta cuando se aplican al momento del alta hospitalaria en entornos con 
recursos limitados. Esto podría permitir diseñar una mejor planificación 
posterior al alta, educación en higiene y salud para las familias y estrategias 
de un mejor y más accesible seguimiento.

Para todo ello, es necesario continuar invirtiendo en la recopilación de datos 
sobre mortalidad infantil y comprender las circunstancias que rodean a la 
muerte de un niño tanto después de un alta hospitalaria como aquellas 
ocurridas en casa sin haber tenido acceso a un hospital. Estos datos pueden 
ser muy útiles para diseñar estrategias innovadoras, efectivas y viables 
para reducir la mortalidad infantil.
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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 Sciences1. The first attempt to 
measure child mortality was conducted in the 17th century, when infant and 
child deaths accounted for one third of the total number of deaths every 
year2. However, the modern features of statistical analysis of infant and 
child mortality were not assumed until the second half of the 19th century 
and the first decades of 20th century when it started to be recognized as a 
national social problem and an obstacle to population growth in Europe3. 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 countries1. 

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 (U5MR) 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 years4. 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 U5MR 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 LB4.

Global U5MR 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 U5MR over 200 per 
1000 LB compared to previous decade4,5 (figure 1A and 1B)6. Demographic 
studies demonstrated that such a gain in life-expectancy over time has mainly 
occurred through improvement in child survival7,8. 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 U5MR by 20159, while MDG6 aimed at reducing 
significantly the burden and impact of some of the major killers of children.

Figure 1. Global under five mortality rate in 1990. Source World Health Organization 
(WHO) 2015, adapted from WHO website6
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Figure 2. Global under five mortality rate in the year 2000. Source World Health Organization 
(WHO) 2015, adapted from WHO website6.

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 health10. 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 health4,10. 

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 
mortality worldwide4,11.  

At the end of the MDG era, 2015, 5.9 million of children U5 died, yielding an 
U5MR 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 U5MR 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 U5MR 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%)11. 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)4. 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 Pakistan4.

From 1990 to 2015, U5MR 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 20004,11. Despite 
this huge achievement, the estimated global annual reduction rate (ARR) 
of U5MR in 1900-2015 was 3.0%4 and 4.0%11 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)4. 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 
2000-20154 (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 
mortality4. However, by the end of 2015, MDG4 target had globally not 
been achieved11,12.
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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 years13 allowing more accurate and 
reliable U5MR estimates, data gaps remain large for high burden countries 
where 90% of U5 deaths occur4,11. 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 imprecision14.
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 physician14. 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 purposes15. 

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 

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 201611
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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) standards16,17.  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 deaths18. Notwithstanding these important limitations, 
VAs remain in many settings the only source of CoD data, and their practice 
and improvement should therefore be encouraged14.

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 frequent19,20. 

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 
beliefs19. Additionally, the fact that a large proportion of deaths occur at 
home, outside of the health system, renders most deaths “invisible”21 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 level11. 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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Figure 4. Leading 30 causes of global under-5 deaths for both sexes combined for 1990, 2005, and 2015. 
Adapted from GBD 2015 Child Mortality Collaborators Lancet 2016

4

The implementation of preventive, diagnostic and treatment interventions 
strategies targeting various leading causes of U5 deaths such as malaria22-24, 
pneumonia25, diarrhoea26, measles27 or Human Immunodeficiency virus (HIV)28 
have likely contributed to reduce U5MR in many places, also significantly 
modifying the CoD rankings over time4.

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)4,18. Collectively, reductions in these causes accounted 
for more than 60% of the total reduction in U5MR11. In 2015, neonatal 
preterm birth replaced lower respiratory infections as the principal cause of 
U5MR. Different groups considered different diseases as the second most 
common cause of U5MR in that year. Estimates produced by the MCEE and 
the WHO reported lower respiratory infections as the second main cause11, 
but the GBD group proposed in this position neonatal encephalopathy4. 
The third position for these two different study groups included neonatal 
intrapartum complications by Liu and colleagues11,18 and lower respiratory 
infections for the GBD group4. 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)4,11. 
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Figure 5. Global causes of under-5 deaths in 2015.  Adapted from Liu et al, Lancet 2016
11

.

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)29. Thus, these 
estimates should be interpreted with a certain degree of scepticism; although 
they may be the only information on CoD available.

Figure 6. Discrepancies for cause-
specif ic at tr ibutable under-5 
mortality between the two major 
groups producing child mortality 
estimates. Adapted from Liu et al, 
Lancet 2015

29
.
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Excluding neonatal deaths, main conditions causing deaths among U5 
children include pneumonia, diarrhoea and malaria11. 

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 sites30. 
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 therapy31 or the wide implementation of the rotavirus 
vaccine26 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 20154.

In 2015, there were 50 million less malaria cases compared with estimated 
numbers in 200032 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 estimates4. The implementation 
of different preventive measures against malaria, including the use of 
indoor residual spraying33,  the massive deployment of insecticide-treated 
nets22,23, the implementation of intermittent preventive treatment during 
pregnancy34, 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)12. 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 malnutrition37.

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 disability38. 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 SGA12,38. 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 status12. 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 period12.

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 adults39-41, being newborns 
and malnourished children the most vulnerable groups42-44. In SSA, its 
prevalence among paediatric admissions has been estimated to range 
between 1.8% and 7.3% 45,46. Severe and prolonged hypoglycaemia can 
result in mental retardation, neurological deficits and recurrent seizures 
or even death47,48. 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 workers50,51.
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Mortality following discharge in industrialized countries is limited to certain 
small high-risk groups52-54. However, in resource-constrained settings, children 
appear to be at increased risk of mortality following hospitalisation for any 
illness55-59.  Some of these studies have explored risk factors associated to 
higher risk of dying after a hospital discharge. The most important predictors 
of PDM in 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 far51.

3. The most vulnerable time for a child ś 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 20154,11.  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 agenda in 
the MDG era”60. 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 children4,11,60.

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)12. 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 days5,11. 
The targeted MDG4 consisting in two-thirds reduction of U5MR 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 group11,12.
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Figure 7.  Time for each region to reach the same chance of neonatal survival as in 2012 for newborn babies in 
high-income countries. Adopted from Lawn et al Lancet 2014
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.

Figure 8. Leading causes of death by early and late-onset disease during neonatal period. Adapted from Lawn 
et al Lancet 2014
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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%)61. 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 settings4,12.
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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 soon62. 

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 U511. Preterm birth also 
increases the risk of death due to other causes, especially neonatal 
infections63. Hypothermia and malnutrition secondary to poor feeding further 
increase vulnerability being particularly important in resource-constrained 
settings64. 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 malaria64. 

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 NMR65. 

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 importance11,61. 
However, in regions such as SSA the estimated number of neonatal deaths 
secondary to infections remains unacceptably high (figure 9)60.  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 sites66. 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%)67. 
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 sepsis11,61. 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 
delivery68-70 and usually presents as bacteremia without a focal source71. 
Late-onset disease (LOD, 7-89 days) is commonly due to horizontal infection 
(either community-acquired or hospital-acquired)72 and may be acquired 
from nosocomial sources, from breast milk or from care providers73-76 and 
includes more commonly meningitis71.

Incidence of all causes of culture-confirmed neonatal sepsis varies between 
regions, ranging from 0.77 per 1000 LB in US77 to 5.46 per 1000 LB in Kenya78 
or 5.9 per 1000 LB in South Africa79. 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 LOD68,77-81. Around two-thirds of young infant disease is EOD68,82. 
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 mortality68,69,81,83,84. 
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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 disease86. 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 Africa87. 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%)68. GBS was also associated to 1% of all 
stillbirths in developed countries and 4% in those occurring in Africa88.

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)89 of samples obtained from their genito-urinary 

Figure 9. Geographical distribution of main causes of neonatal deaths. Adapted from Liu et al Lancet 2015
85
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or gastrointestinal lower tract; or 2) fulfil any of the different risk factors 
associated to neonatal disease90-92. 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 
applied93. 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)86. 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 implementation86. 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 infections94. 

The IAP strategy has however not demonstrated any impact on GBS-
associated LOD94,95.  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 NDI96. 

Despite Africa having the highest incidence risk of neonatal sepsis worldwide59, 
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 life97, inadequate 
access to care and/or high rapid CFR, particularly if cerebrospinal fluid 
sampling is not obtained and cases of meningitis are thus not detected84.

E. coli is the second pathogen more commonly isolated among neonatal 
sepsis cases in those settings equipped with proper microbiology surveillance 
systems77. 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 Africa79,98-100. The prevalence 
of perinatal transmission of E. coli during delivery ranges between 21 to 
50%101, being a clear predisposing factor to develop neonatal infections102.  
E. coli can be responsible for both EOD and LOD103, although EOD has been 
better studied77,78.  Incidence of EOD due to this pathogen is 0.18-0.28 per 
1000 LB although almost all articles published were conducted in HIC77,81. 
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 countries104. 
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 challenging72,105,106.

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. coli107. 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%108.

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 malformations109.  
Almost one quarter of newborn deaths are attributable to intrapartum-
related events (637 000 deaths)110, 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 rupture11,109.
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 rates109.

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 impairment109.

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 defects110.  
An estimated 303000 newborns die in the first 28 days of life every year, 
worldwide, due to congenital anomalies110.  Moreover, birth defects cause 
a significant albeit poorly quantified number of stillbirths111. 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 screening110. 
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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 
societies110.
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 Americas110 and have contributed to 
highlight the emerging threat that maternal viral infections may carry for 
the health of the foetus and newborn112. 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 abnormalities110. 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)113-115.

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 seroprevalence119-121, 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 prevalent119,128-130. Neonatal 
mortality associated with symptomatic congenital CMV infection during 
the first year of life is estimated to be over 10%131. 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 deficit116,124.

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 LB61.

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 U5MR 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 LB61.  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 nations61.

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)61.  
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%)61. 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). 

Figure 10.  Neonatal mortality rates by country 
and Sustainable Development Goal region, 
2016. Source United Nations Inter-agency 
for Child Mortality estimation (UN IGME)
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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 202014:

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

• 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 newborns61.

4.2 Strategies to reduce under-five child mortality
To save lives in those countries with higher U5MR, 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. 

Figure 11.  Global distribution of deaths among children under five years old by cause, 2016. Source United Nations 
Inter-agency for Child Mortality estimation

61
.
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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 U5MR. 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 death14. 

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 
methods132,133. 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)67,134.  
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 strategies11,135. 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 globally11,61,136.

The implementation of many life-saving interventions targeting various 
leading causes of U5 deaths have significantly contributed to improve child 
survival during this time137, including among others insecticide-treated nets22,23 
artemisinin-based combination therapies24, the prevention of mother-to-
child transmission of HIV28 and  other evidence–based interventions such 
as  highly efficacious vaccines25,26, oral rehydration therapy for diarrhoeal 
diseases31 or antibiotics for pneumonia or neonatal sepsis53. Additionally, 
management of environmental risks, such as water and sanitation, have 
surely also contributed to reduce child mortality in many countries and 
they should be maintained or up-scaled globally138.
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However, considering that almost half of U5MR occurred in the neonatal 
period11, especially in LIC and LMIC4,12, financial, international and national 
endeavours and interventions should be addressed to enhance main causes 
of neonatal deaths60,139. 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 effectiveness140. 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 coverage141. 
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 year84 and that it would 
be logistically easier to implement than other strategies such as IAP68; 
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 feasible142; 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 workers143.  

 5. 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 Index144. 
In 2016, the U5MR in Mozambique was 71 per 1000 LB145 and NMR was 
27 per 1000 LB146.  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 charge147. About 50% of all births are attended by 
skilled health staff, and 15.6% of children U5 are underweight147. 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 unknown147.   
Data from Manhiça, a semi-rural area in Maputo province (Southern 
Mozambique) where the studies presented in this thesis were conducted, are 
similar to national estimates regarding U5MR and NMR. The demographic 
structure of the Manhiça 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 Manhiça, 
performed in 2010148 and 2012149, reported an HIV prevalence of around 
40%, with ~30% of the district’s pregnant women attending the antenatal 
clinics at the Manhiça District Hospital (MDH) being positive. A study 
describing causes of mortality in children <15 years in the Manhiça 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 facility150.  

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%107.

Mozambique still has high U5MR and NMR. If the country aims to achieve 
SDGs target for child mortality by 2030, it must decrease U5MR 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 Manhiça, 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.

2. 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.

3. Complications of infectious diseases such as hypoglycaemia are 
associated to a high mortality risk, which is even greater among 
newborns.

4. 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. To comment on the burden and importance of neonatal mortality 

globally, and discuss main causes of death among this age group (article I)

2. To provide a comprehensive, systematic literature review and meta-
analysis on the global burden of infant invasive GBS disease (article 
II), 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.

3. To investigate the epidemiology of GBS and E. Coli infections in Manhiça, 
Mozambique, in order to better characterize maternal carriage (article 
III), 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.  To assess the cultural context of acceptability of using vagino-

rectal swabs for GBS  and E. coli detection by pregnant women in 
Mozambique.

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

5. To assess the prevalence of cytomegalovirus, parvovirus B19 and 
enterovirus vertical transmission in Manhiça, 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. To determine 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, Manhiça (article VII), including:

a. To identify 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 Investigacão 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 
Española de Cooperación Internacional para el desarrollo” (AECID) and 
the Eduardo Mondlane University of Medicine (Maputo) and the Hospital 
Clínic of Barcelona, to promote and conduct biomedical research on those 
diseases with high morbidity and mortality among the local population. 

Article II 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 Manhiça is located within the Maputo province, at the very 
southern part of Mozambique (Figure 12). Manhiça, 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 Manhiça 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 pathologies140 (Figure 
13C). HIV prevalence in the area is among the highest in the world138 
however, there is no recent data about HIV in children in the study area. 
The last national report, published in 2009177 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%178. 

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 

Figure 12. Manhiça study area. Mozambique, Maputo province, Manhiça district and CISM 
study area.
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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 recommended179. 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”). 

Manhiça 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 respectively136. 
Latest estimates of HIV prevalence among pregnant women attending 
the ANC clinic at the MDH are high (~30%)138. 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 year155. In 2013, MDH introduced 
WHO-recommended Option B+ for the prevention of mother-to-child HIV 
transmission180, 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 elsewhere179. 

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. 

       

Demographic Surveillance System
The Manhica study area at the time of this thesis covered 500 km2 (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 km2 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 

A

D

B

E

C

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

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 

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



77Materials and Methods

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.
    

3.Overview 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.

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



78 Materials and Methods

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 II: Global landscaping of Group B Streptococcus infection:
Paper II 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 colonization87, maternal GBS disease156, GBS attributable 
stillbirths88 or preterm births83, use of intrapartum antibiotic prophylaxis157, 
risk of GBS newborn disease86, GBS-associated neonatal encephalopathy158, 
and impairment after neonatal GBS disease96. These are reported individually, 
and according to international guidelines159,160. Together these papers 
provide data inputs for estimating the worldwide burden of GBS disease 
among pregnant women, stillbirths and infants84.

C. Article III and V: Perinatal Group B Streptococcus, Escherichia coli and  
Pneumocystis jirovecii infections in pregnant women and newborns in 
Manhiça, 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 Manhiça, 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 III (ISCIII) through a program 
Miguel Servet (Plan Nacional de I+D+I 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 Manhiça 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 
Manhiça’s Internal Scientific committee (ref CCI/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 Manhiça 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 
Manhiça 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 Manhiça’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 ISCIII (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.
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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 20161,2. 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 women3. 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 achieved4. 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 SDG3.25, 
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 settings6,7, 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 20161,2,8. 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 20161,2). 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 period8. 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 Europe7.

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 24h1,8,9. 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 care10, 
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 visits11; 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- 201412. Solving the 
maternal part of the equation responsible for neonatal outcomes requires 
starting by ensuring that maternal mortality rates also continue to globally 
decrease13, in addition to heavily investing in improving the primary health 
care bottlenecks14, and progressively implementing and scaling-up strategies 
that have already shown their cost-effectiveness in other settings of the 
world, or other innovative measures14,15. 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 
newborns16, and whose oblivion is finally starting to be adequately addressed 
in the global health agenda6,17. 

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 205018. 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 improvement7,12,17. A simple but rather 
paradigmatic example has to do with the coverage of post-natal visits for 
babies, a clear WHO recommendation19 that is only followed in a median of 
28% of the births, globally12. 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 care19.  

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” deaths20 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%)2. 
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 figures21 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 decisions22. 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 techniques23. This 
technique has been validated against the reference complete pathological 
autopsy as a reliable CoD investigation tool in all age groups, -including 
newborns24-,  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)25,26. 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 period1,2,27. 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 sepsis28, 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)29, 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 delivery30,31. Overall case fatality rates associated to GBS 
in a global systematic review were 8.4%, peaking in SSA at 19%32, 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 systems30. E. coli is 
considered the most frequent cause of invasive bacterial infection in preterm 
infants and to date, no prevention measures have been developed33. 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 world34, with its real burden and impact being largely unknown35. 
An interesting approach to prevent many of these neonatal infections now 
includes maternal vaccination during pregnancy36, 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. pneumoniae37.

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 causes38. 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 delivery39. 
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 partnerships39. Finally, 
other well-known but moderately neglected (likely due to their multifactorial 
aetiology) causes of neonatal mortality include metabolic disturbances 
such as hypoglycaemia40. 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 20305. 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 
stillbirths14. 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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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 ≥34 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%), Ia (14.7%) and III (10.3%) were the most commonly found and 
69.2% of the women tested had immunoglobulin G antibodies against GBS. 
E. coli isolates 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 
period1. 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 mortality2, 3.  

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 meningitis4, 5. GBS 
and E. coli are particularly associated with early-onset neonatal disease 
(EOD, 0-6 days after birth6), but can also cause late-onset disease (LOD, 
7-89 days7), preterm birth and very-low-birth-weight8, 9, all of which are 
responsible for substantial morbidity and mortality in sub-Saharan Africa 
(SSA)2, 10, 11.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 strategies12.

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%13 in Europe and has been reported higher 
than 20% in Sub-Saharan countries, although precise regional maternal 
carriage data for this continent are scarce12, 14, 15.Maternal risk factors 
associated with higher prevalence of GBS colonization are controversial. 
Both younger16 and older maternal ages17 have been reported as maternal 
characteristics associated with higher risk of GBS colonization, as well as 
higher education17, higher income18, and high sexual activity17. The relation 
between HIV infection and risk for GBS maternal colonization has yet to be 
fully elucidated. Studies conducted in the United States19 or in Zimbabwe15 
did not find an increased risk among HIV infected individuals, whereas 
researchers from South Africa20 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 ones12. 

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)21 of samples obtained from their genito-urinary 
or gastrointestinal lower tract; or 2) fulfil any of the different risk factors 
associated with neonatal disease22-24. 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 kind12, 13. 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 infections12.

Despite SSA having the highest incidence of neonatal sepsis worldwide12, 
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 data12, 25-28, and 
only two of those related to maternal colonization, describing a prevalence 
of colonization as low as 1.8%25 or even lower (1%)27, difficult to contextualize 
among much higher prevalence data from neighboring sub-Saharan African 
countries12. 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 SSA29, 30. 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 Manhiça, a semi-rural site in Southern 
Mozambique. The Manhiça Health Research Center (CISM) runs a 
Demographic Surveillance System (DSS) in the area and a morbidity 
surveillance system (MSS) at the Manhiça District Hospital (MDH), across 
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the street. A detailed description of MDH, CISM and the study area can be 
found elsewhere31. MDH is the referral hospital for the Manhiça 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. Manhiça 
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 consultations32. 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 g33. 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 37ºC 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 37ºC overnight without C02. 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 previously34. 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 [Ia, Ib, II, III and IV], reaction 2 [V, VI, VII, VIII and IX] and reaction 
3 is the amplification control. PCR conditions involved an initial step of 
95ºC for 3 min, followed by 30 cycles of 95º C for 1 min, 57º C for 1 min 
and 72º C for 2 min, and a final step of 72º 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 al33, 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 guidelines35. 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 guidelines35. 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 
colonization36. 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 studies9, 15-17. 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 Saúde do CISM 
(CIBS-CISM), and by the National Bioethics Committee of Maputo (CNBS) in 
Mozambique; and by the Ethics Committee of the Hospital Clínic 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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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, 
and in 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 Ia (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 Ia had AB against it, 6/6 (100%) for serotype Ib, 0/3 
(0%) for serotype III 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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Table 3. Multivariate analysis of socio-demographic and clinical variables of 
women colonized by GBS.
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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%), Ia (14.7%), III and Ib (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.
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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 CDC35 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 reported12. 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 199527 and 1.8% in 200825. 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 Africa12, 
which included 18 studies reporting data on maternal GBS colonization, 
finding an average GBS carriage of 21.8% (95% CI: 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 States9 
and Europe13, or from other neighboring countries in Sub-Saharan Africa 
such as South Africa (with similar prevalence of HIV20, 37, 38, Zimbabwe15 or 
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Malawi39, supporting the credibility of these data. The yield of vagino-rectal 
sampling was better for GBS colonization than using only vaginal samples 
as previously reported40, 41 and recommended35.  

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 pregnancy15, 42, 43. 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 studies16, 17, 44 but in concordance to 
a recent multicenter study performed in African settings37, 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 reported18, 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 Zimbabwe15, 

19. However, a South African study reported that maternal GBS carriage 
was lower in HIV-positive women and among those with lower CD4 counts 
in Malawi20, 39. 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 ones12. 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 Africa20, 45, with a 
similar HIV prevalence to the one reported in southern Mozambique32, 
found an incidence of GBS invasive disease among infants higher than 
that reported in other resource-constrained settings44, 46. 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 high47 
and lower-middle income settings48 and it has been documented that GBS 
placental transfer appears not to be affected by HIV infection49. 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, Ia 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 III in this population, the known serotype causing more 
infant invasive disease50, was lower than reported in other African studies12, 
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 settings20, 37 but 
comparable with the prevalence reported by Karou in Togo51. No risk 
factors were found to be independently associated with a higher risk of E. 
coli vaginal carriage among pregnant women. Some studies have reported 
specific risks factors for E. coli colonization, including sexual practices such 
as anal intercourse during pregnancy52 or being a sexual worker37. 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 Ethiopia53, 54 and South Africa(18, 

51) 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(55). 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%(13) and from 7% to 25% in the 
USA and Canada(24). 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(56, 57). Erythromycin resistance is 
frequently associated with clindamycin resistance(24). 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 reported12, serotypes Ia, Ib, II, III 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. coli isolates from this study has been described by Saez 
et al(58). E. coli isolates showed significant resistance to co-trimoxazole, as a 
previous study on diarrhoeagenic E. coli(59) conducted in Manhiça 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(60). 

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 vaginosis37 or socio-
economic status44 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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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 Manhiça 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 deaths1. Congenital and perinatal infections 
are well-known causes of neonatal morbidity and mortality and stillbirths in 
high-income countries (HIC)2-4. 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 data5. 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 malaria6, 7; pathogens that may also be vertically transmitted beyond 
these infections are rarely the focus of clinical practice and research8, 9.  

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 
newborn10.  
 
Despite being the most prevalent congenital infection worldwide, congenital 
CMV infection (cCMV) it remains largely neglected in the developed and 
developing world11. 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%12-14. Data from 
LIC varies substantially, with some estimates peaking at 6–14%15-17. Higher 
overall rates of cCMV are found in countries with higher maternal CMV 
seroprevalence12, 13, 18 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 19-23. Furthermore, CMV 
infection seems to play a role as a cofactor for HIV disease progression in 
HIV/CMV co-infected newborns24.  Different methods have been evaluated 
for cCMV screening based on saliva, urine and blood specimens, being 
saliva and urine the generally considered most appropriated samples25. 
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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 26. 
In contrast, real-time polymerase chain reaction (RT-PCR), also considered 
as gold standard26,28, 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 
methodology26. 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 impairment29, 30. 

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 importance31, 32. 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 cCMV33, 34.  
 
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 death35. 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%36. 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 described37. 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 documented37. 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 implemented15, 38-41. 

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 Manhiça, a semi-rural site in Southern 
Mozambique. The Manhiça Health Research Centre (CISM) runs a 
Demographic Surveillance System (DSS) in the area linked to a Hospital 
Morbidity Surveillance System (HMSS) ongoing at the Manhiça District 
Hospital (MDH) including all admitted children. A detailed description 
of MDH, CISM and the study area can be found elsewhere42. MDH is the 
referral hospital for the Manhiça 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 recommended42. HIV 
prevalence in Manhiça district is amongst the highest in the world, with 
rates estimated at around 29% at the ANC clinic40. In 2013, MDH introduced 
WHO-recommended Option B+ for the prevention of mother-to-child HIV 
transmission43, 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 grams44. Microcephaly was 
defined following the WHO growth standards45. 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 birth33. 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 l’Etoile, France) instrument 
according to the manufacturer’s procedure and eluted in 25 μl 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 5µm 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 birth47. 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 Saúde) and by 
the National Bioethics Committee of Maputo in Mozambique, and by the 
Ethics Committee of the Hospital Clínic 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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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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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).  

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 demonstrated49-51. 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, B19V 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 culture26. The dried umbilical cord samples have previously been used 
for retrospective studies to diagnose cCMV29, 30 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 neonates52. 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%)14 and falls 
within the range reported in a systematic review for developing countries 
(0.6% - 6.1%)53. 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)54. 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%)55. 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 area23, 56-58. The South African study was conducted 
among 748 HIV-exposed infants found a cCMV prevalence of 2.9%.  No 
comparison with HIV-unexposed was performed23. 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)58.  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 found59. 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 better immune status of our HIV-infected mothers although information 
about HAART in this Zambian study was not available58. 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 transmission21, 60. Moreover, an association 
of CMV transmission with advanced maternal immunosuppression has 
been previously described23.  
 
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 authors19, 28, 58, 61. 
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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 infection28. 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 pregnancy28, 62-64 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 adulthood53 and it has been 
demonstrated that the incidence of cCMV infection is parallel to maternal 
seroprevalence28 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 
strain28, 62-64. 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 infection28. 
 
Maternal infections with B19V, CMV and EV have been associated with 
intrauterine foetal death65. 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  IgG AB between 24.9 and 80% and IgM between 3 and 19%66,70. 
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 
infections37. 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 26, 28. 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 patterns71, 72. 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.

ACKNOWLEDGEMENTS AND AUTHORS’ CONTRIBUTIONS
We are indebted to the children and mothers participating in the study. The 
work of the clinical officers, data managers, laboratory workers and laboratory 
coordinator was important for the successful completion of the study.  

The study was designed by QB, CMA and LM. During the study period LM, 
SM and RV were involved in the diagnosis, recruitment and management 
of patients and collection of data. CMA, EJC, CE, CC, MI, BV, VF and CLD 
designed sampling procedures, processed samples and interpreted results. 
LM and QB led the analysis. LM, RV, CM and QB led the interpretation and 
writing up of this data set, and received input from all authors. All authors 
read and approved the initial and subsequent versions of the manuscript. 



210 Results - Article 5

FINANCIAL DISCLOSURE
Quique Bassat had during the duration of the study a fellowship from the 
program Miguel Servet of the ISCIII (Plan Nacional de I+D+I 2008-2011, grant 
number: CP11/00269). Lola Madrid had a fellowship from the program Río 
Hortega of the ISCIII (CM13/00260). Rosauro Varo has a fellowship from 
the program Rio Hortega of the ISCIII (CD16/00024).CISM receives financial 
support from the Spanish Agency for International Cooperation. ISGlobal 
is a member of the CERCA Programme, Generalitat de Catalunya. SM, TN, 
CMA, EJC, CE, CC, MI, BV, VF, CLD and CM have nothing to declare. 

REFERENCES
[1] L. Liu, S. Oza, D. Hogan, Y. Chu, J. Perin, J. Zhu, J.E. Lawn, S. Cousens, C. Mathers, R.E. 
Black, Lancet 388(10063) (2016) 3027-3035. 
[2] K.M. Adams Waldorf, R.M. McAdams, Reproduction 146(5) (2013) R151-62. 
[3] J. Del Pizzo, Pediatr Rev 32(12) (2011) 537-42. 
[4] N. Neu, J. Duchon, P. Zachariah, Clin Perinatol 42(1) (2015) 77-103, viii. [5] J.E. Lawn, H. 
Blencowe, P. Waiswa, A. Amouzou, C. Mathers, D. Hogan, V. Flenady, J.F. Froen, Z.U. Qureshi, C. 
Calderwood, S. Shiekh, F.B. Jassir, D. You, E.M. McClure, M. Mathai, S. Cousens, Lancet  (2016). 
[6] E.M. Ansbro, M.M. Gill, J. Reynolds, K.D. Shelley, S. Strasser, T. Sripipatana, A.T. Ncube, G. 
Tembo Mumba, F. Terris-Prestholt, R.W. Peeling, D. Mabey, PLoS One 10(6) (2015) e0127728.
[7] N.M. Gous, L.E. Scott, J. Potgieter, L. Ntabeni, I. Sanne, W.S. Stevens, J Acquir Immune 
Defic Syndr  (2015). 
[8] E.T. Nkhoma, N.M. Bowman, L. Kalilani-Phiri, V. Mwapasa, S.J. Rogerson, S.R. Meshnick, 
Am J Trop Med Hyg 87(6) (2012) 1022-7.
[9] L. Newman, M. Kamb, S. Hawkes, G. Gomez, L. Say, A. Seuc, N. Broutet, PLoS Med 10(2) 
(2013) e1001396. 
[10] V. Sikka, V.K. Chattu, R.K. Popli, S.C. Galwankar, D. Kelkar, S.G. Sawicki, S.P. Stawicki, T.J. 
Papadimos, J Glob Infect Dis 8(1) (2016) 3-15. 
[11] M.M. Mussi-Pinhata, A.Y. Yamamoto, R.M. Moura Brito, M. de Lima Isaac, P.F. de Carvalho 
e Oliveira, S. Boppana, W.J. Britt, Clin Infect Dis 49(4) (2009) 522-8. 
[12] S.C. Dollard, S.D. Grosse, D.S. Ross, Rev Med Virol 17(5) (2007) 355-63. [13] A. Kenneson, 
M.J. Cannon, Rev Med Virol 17(4) (2007) 253-76. 
[14] S. Manicklal, V.C. Emery, T. Lazzarotto, S.B. Boppana, R.K. Gupta, Clin Microbiol Rev 
26(1) (2013) 86-102. 
[15] H. Gumbo, B. Chasekwa, J.A. Church, R. Ntozini, K. Mutasa, J.H. Humphrey, A.J. Prendergast, 
PLoS One 9(12) (2014) e114870. 
[16] X.W. Zhang, F. Li, X.W. Yu, X.W. Shi, J. Shi, J.P. Zhang, J Clin Virol 40(3) (2007) 180-5. 
[17] C. Bello, H. Whittle, J Clin Pathol 44(5) (1991) 366-9. 
[18] A. Waters, K. Jennings, E. Fitzpatrick, S. Coughlan, E.J. Molloy, C.F. De Gascun, W.W. Hall, 



211Results - Article 5

S.J. Knowles, J Clin Virol 59(3) (2014) 156-60. 
[19] E.L. Duryea, P.J. Sanchez, J.S. Sheffield, G.L. Jackson, G.D. Wendel, B.S. McElwee, L.F. 
Boney, M.M. Mallory, K.E. Owen, E.K. Stehel, Pediatr Infect Dis J 29(10) (2010) 915-8. 
[20] G. Guibert, J. Warszawski, J. Le Chenadec, S. Blanche, Y. Benmebarek, L. Mandelbrot, 
R. Tubiana, C. Rouzioux, M. Leruez-Ville, C. French Perinatal, Clinical infectious diseases : 
an official publication of the Infectious Diseases Society of America 48(11) (2009) 1516-25. 
[21] A. Kovacs, M. Schluchter, K. Easley, G. Demmler, W. Shearer, P. La Russa, J. Pitt, E. Cooper, 
J. Goldfarb, D. Hodes, M. Kattan, K. McIntosh, N Engl J Med 341(2) (1999) 77-84. 
[22] M.M. Mussi-Pinhata, A.Y. Yamamoto, L.T. Figueiredo, M.C. Cervi, G. Duarte, J Pediatr 
132(2) (1998) 285-90. 
[23] S. Manicklal, A.M. van Niekerk, S.M. Kroon, C. Hutto, Z. Novak, S.K. Pati, N. Chowdhury, 
N.Y. Hsiao, S.B. Boppana, Clinical infectious diseases : an official publication of the Infectious 
Diseases Society of America 58(10) (2014) 1467-72.
[24] G. Nigro, A. Krzysztofiak, G.C. Gattinara, T. Mango, M. Mazzocco, M.A. Porcaro, S. 
Provvedi, J.C. Booth, AIDS 10(10) (1996) 1127-33. 
[25] S.B. Boppana, S.A. Ross, M. Shimamura, A.L. Palmer, A. Ahmed, M.G. Michaels, P.J. 
Sanchez, D.I. Bernstein, R.W. Tolan, Jr., Z. Novak, N. Chowdhury, W.J. Britt, K.B. Fowler, D. 
National Institute on, C.S. Other Communication Disorders, N Engl J Med 364(22) (2011) 21118. 
[26] S.B. Boppana, S.A. Ross, Z. Novak, M. Shimamura, R.W. Tolan, Jr., A.L. Palmer, A. Ahmed, 
M.G. Michaels, P.J. Sanchez, D.I. Bernstein, W.J. Britt, K.B. Fowler, D. National Institute on, 
C.M.V. Other Communication Disorders, S. Hearing Multicenter Screening, JAMA 303(14) 
(2010) 1375-82. [27] F. Baquero-Artigao, P. Grupo de estudio de la infeccion congenita por 
citomegalovirus de la Sociedad Espanola de Infectologia, An Pediatr (Barc) 71(6) (2009) 535-47.
[28] W.D. Rawlinson, S.B. Boppana, K.B. Fowler, D.W. Kimberlin, T. Lazzarotto, S. Alain, K. 
Daly, S. Doutre, L. Gibson, M.L. Giles, J. Greenlee, S.T. Hamilton, G.J. Harrison, L. Hui, C.A. 
Jones, P. Palasanthiran, M.R. Schleiss, A.W. Shand, W.J. van Zuylen, Lancet Infect Dis 17(6) 
(2017) e177e188. 
[29] M. Tagawa, H. Tanaka, M. Moriuchi, H. Moriuchi, J Pediatr 155(5) (2009) 749-51. 
[30] S. Koyano, A. Araki, Y. Hirano, K. Fujieda, T. Suzutani, K. Yagyu, K. Murono, N. Inoue, 
Pediatr Infect Dis J 23(5) (2004) 481-2. 
[31] C. Wejse, N.H. Birkebaek, L.P. Nielsen, H.M. Andersen, Pediatr Infect Dis J 20(3) (2001) 
256-9. 
[32] T.J. Meerhoff, M.L. Houben, F.E. Coenjaerts, J.L. Kimpen, R.W. Hofland, F. Schellevis, 
L.J. Bont, Eur J Clin Microbiol Infect Dis 29(4) (2010) 365-71. [33] C.H.a.M.P.S. (CHAMPS), 
Determination of Cause of Death (DeCoDe) Diagnosis Standards: guidance for standardized 
interpretation of CHAMPS data. [cited 2017 Nov 17]. Available from: https://champshealth.
org/wp-content/uploads/2017/10/CHAMPS-Diagnosis-Standardsfor-DeCoDe-1.pdf. , 2017.). 
[34] T.H. Farag, J.P. Koplan, R.F. Breiman, S.A. Madhi, P.M. Heaton, T. Mundel, J. Ordi, Q. 
Bassat, C. Menendez, S.F. Dowell, Am J Trop Med Hyg 97(1) (2017) 3-5. 



212 Results - Article 5

[35] O. Norbeck, N. Papadogiannakis, K. Petersson, T. Hirbod, K. Broliden, T. Tolfvenstam, 
Clin Infect Dis 35(9) (2002) 1032-8. 
[36] Z. Ergaz, A. Ornoy, Reprod Toxicol 21(4) (2006) 421-35.
[37] J. Mereaux, O. Picone, C. Vauloup-Fellous, Z. Khediri, A. Benachi, L. Mandelbrot, J.M. 
Ayoubi, Gynecol Obstet Fertil Senol 45(4) (2017) 231-237. [38] L.J. Bollen, S.J. Whitehead, 
P.A. Mock, W. Leelawiwat, S. Asavapiriyanont, A. Chalermchockchareonkit, N. Vanprapar, 
T. Chotpitayasunondh, J.M. McNicholl, J.W. Tappero, N. Shaffer, R. Chuachoowong, AIDS 
22(10) (2008) 1169-76. 
[39] C.J. Hoffmann, C.L. Thio, Lancet Infect Dis 7(6) (2007) 402-9. 
[40] R. Gonzalez, K. Munguambe, J. Aponte, C. Bavo, D. Nhalungo, E. Macete, P. Alonso, C. 
Menendez, D. Naniche, HIV Med 13(10) (2012) 581-8. 
[41] C.L. Cutland, S.J. Schrag, E.R. Zell, L. Kuwanda, E. Buchmann, S.C. Velaphi, M.J. Groome, 
P.V. Adrian, S.A. Madhi, P.S.t.t. Po, C.L. Cutland, S.J. Schrag, E.R. Zell, L. Kuwanda, E. Buchmann, 
S.C. Velaphi, M.J. Groome, P.V. Adrian, S.A. Madhi, Pediatrics 130(3) (2012) e581-90. 
[42] C. Sacoor, A. Nhacolo, D. Nhalungo, J.J. Aponte, Q. Bassat, O. Augusto, I. Mandomando, 
J. Sacarlal, N. Lauchande, B. Sigauque, P. Alonso, E. Macete, K. Munguambe, C. Guinovart, 
P. Aide, C. Menendez, S. Acacio, D. Quelhas, E. Sevene, T. Nhampossa, Int J Epidemiol 42(5) 
(2013) 1309-18. [43] WHO, Use of Antiretroviral Drugs for Treating Pregnant Women and 
Preventing HIV Infection in Infants., in: W.L.C.-i.-P. Data (Ed.) World Health Organization, 
Geneva, Switzerland, 2012.
[44] WHO, New born with low birth weight. [cited 2017 Nov 17]. Available from: http://www.
who.int/whosis/whostat2006NewbornsLowBirthWeight.pdf, Geneva, Switzerland 2006. 
[45] WHO, Partnership for Maternal, Newborn & Child Health, World Health Organization. 
Countdown to 2015: Building a Future for Women and Children, Mozambique Country 
Reports., World Health Organization, Geneve, 2012. 
[46] L. Selva, A. Martinez-Planas, J.J. Garcia-Garcia, R. Casadevall, C. Luaces, C. Munoz-
Almagro, Eur J Clin Microbiol Infect Dis 31(5) (2012) 715-9. 
[47] L.M. Dubowitz, V. Dubowitz, C. Goldberg, J Pediatr 77(1) (1970) 1-10. 
[48] L. Quinto, A.L. Garcia-Basteiro, A. Bardaji, R. Gonzalez, N. Padilla, F.E. Martinez-Espinosa, 
M. Arevalo-Herrera, E. Macete, C. Menendez, J Trop Pediatr  (2017). 
[49] G.J. Demmler, G.J. Buffone, C.M. Schimbor, R.A. May, J Infect Dis 158(6) (1988) 1177-84. 
[50] C.H. Tsai, F.J. Tsai, Y.T. Shih, S.F. Wu, S.C. Liu, Y.H. Tseng, Acta Paediatr 85(10) (1996) 12413. 
[51] W.P. Warren, K. Balcarek, R. Smith, R.F. Pass, J Clin Microbiol 30(4) (1992) 786-9. 
[52] S. Stagno, R.F. Pass, M.E. Dworsky, C.A. Alford, Jr., Clin Obstet Gynecol 25(3) (1982) 56376. 
[53] T.M. Lanzieri, S.C. Dollard, S.R. Bialek, S.D. Grosse, Int J Infect Dis 22 (2014) 44-8. 
[54] L.M. McGovern, T.G. Boyce, P.R. Fischer, J Travel Med 14(2) (2007) 117-28. 
[55] B.O. Olusanya, T.M. Slusher, S.B. Boppana, Pediatr Infect Dis J 34(3) (2015) 322-4. 
[56] T. Phillips, K. Brittain, C.A. Mellins, A. Zerbe, R.H. Remien, E.J. Abrams, L. Myer, I.B. 
Wilson, AIDS Behav 21(2) (2017) 450-461. 



213Results - Article 5

[57] E.M. Stringer, N.T. Chintu, J.W. Levy, M. Sinkala, B.H. Chi, J. Muyanga, M. Bulterys, M. 
Bweupe, K. Megazzini, J.S. Stringer, Bull World Health Organ 86(9) (2008) 697-702. 
[58] N. Mwaanza, L. Chilukutu, J. Tembo, M. Kabwe, K. Musonda, M. Kapasa, C. Chabala, S. 
Sinyangwe, P. Mwaba, A. Zumla, M. Bates, Clinical infectious diseases : an official publication 
of the Infectious Diseases Society of America 58(5) (2014) 728-35.
[59] T. Frederick, J. Homans, L. Spencer, F. Kramer, A. Stek, E. Operskalski, A. Kovacs, Clinical 
infectious diseases : an official publication of the Infectious Diseases Society of America 
55(6) (2012) 877-84. 
[60] S.B. Mostad, J.K. Kreiss, A.J. Ryncarz, J. Overbaugh, K. Mandaliya, B. Chohan, J. NdinyaAchola, 
J.J. Bwayo, L. Corey, J Med Virol 59(4) (1999) 469-73. 
[61] M.A. van der Sande, S. Kaye, D.J. Miles, P. Waight, D.J. Jeffries, O.O. Ojuola, M. Palmero, 
M. Pinder, J. Ismaili, K.L. Flanagan, A.A. Aveika, A. Zaman, S. Rowland-Jones, S.J. McConkey, 
H.C. Whittle, A. Marchant, PLoS One 2(6) (2007) e492.
[62] A. Ornoy, O. Diav-Citrin, Reprod Toxicol 21(4) (2006) 399-409. 
[63] S. Stagno, R.F. Pass, M.E. Dworsky, R.E. Henderson, E.G. Moore, P.D. Walton, C.A. Alford, 
N Engl J Med 306(16) (1982) 945-9. 
[64] C. Wang, X. Zhang, S. Bialek, M.J. Cannon, Clin Infect Dis 52(2) (2011) e11-3. 
[65] K. Petersson, O. Norbeck, M. Westgren, K. Broliden, J Perinat Med 32(6) (2004) 516-21. 
[66] B.D. Schoub, N.K. Blackburn, S. Johnson, J.M. McAnerney, S Afr Med J 83(7) (1993) 505-6. 
[67] S.E. Emiasegen, L. Nimzing, M.P. Adoga, A.Y. Ohagenyi, R. Lekan, Mem Inst Oswaldo 
Cruz 106(2) (2011) 227-31. 
[68] M.F. Mirambo M, Majigo M, Mushi MF, Moremi N, Seni J, Matovelo D, Mshana SE., BMC 
Pregnancy and Childbirth 17(176) (2017).
[69] T.F. Schwarz, L.G. Gurtler, G. Zoulek, F. Deinhardt, M. Roggendorf, Zentralbl Bakteriol 
271(2) (1989) 231-6. 
[70] F. Volker, P. Cooper, O. Bader, A. Uy, O. Zimmermann, R. Lugert, U. Gross, BMC Pregnancy 
Childbirth 17(1) (2017) 172. 
[71] D. Shapiro, C.K. Bodinayake, A. Nagahawatte, V. Devasiri, R. Kurukulasooriya, J. Hsiang, 
B. Nicholson, A.D. De Silva, T. Ostbye, M.E. Reller, C.W. Woods, L.G. Tillekeratne, Am J Trop 
Med Hyg 97(1) (2017) 88-96. 
[72] N.S. Young, K.E. Brown, N Engl J Med 350(6) (2004) 586-97. 
 
 





215Results - Article 6

ARTICLE 6
Hypoglycemia and risk factors for death in 13 
years of pediatric admissions in Mozambique 

Lola Madrid, Sozinho Acacio, Tacilta Nhampossa, Miguel Lanaspa, 
Antonio Sitoe, Sónia Amós Maculuve, Helio Mucavele, Llorenç Quintó, 

Betuel Sigaúque and Quique Bassat

Published in The  American Journal of Tropical Medicine
 and Hygiene, 2016, 94(1), pp. 218–226

2016 Impact factor 2.55



216 Results - Article 6



217Results - Article 6



218 Results - Article 6



219Results - Article 6



220 Results - Article 6



221Results - Article 6



222 Results - Article 6



223Results - Article 6



224 Results - Article 6



225Results - Article 7

ARTICLE 7
Post-discharge mortality in children admitted 
to a rural Mozambican hospital: development 

of a prediction model to identify children at 
risk of dying 

Lola Madrid, Aina Casellas, Charfudin Sacoor, Llorenç Quintó, Antonio 
Sitoe, Rosauro Varo, Sozinho Acácio, Tacilta Nhampossa, Helio 

Mucavele, Sergio Massora, Betuel Sigaúque, Inacio Mandomando, 
Simon Cousens, Clara Menéndez, Pedro Alonso, Eusebio Macete, 

Quique Bassat*

Under review





227Results - Article 7

Post-discharge mortality in children admitted to 
a rural Mozambican hospital: development of 

prediction models to identify children at risk of dying

Lola Madrid1,2 (MSc); Aina Casellas2 (MSc); Charfudin Sacoor1 (MSc); 
Llorenç Quintó2 (Biostatistician); Antonio Sitoe1 (MD); Rosauro Varo1,2 
(MSc); Sozinho Acácio1 (MSc); Tacilta Nhampossa (PhD); Sergio Massora1 
(MSc); Betuel Sigaúque1 (PhD); Inacio Mandomando1 (PhD); Simon Cousens3 
(DipMathStat); Clara Menéndez1,2,4 (PhD); Pedro Alonso1,2,5 (PhD); Eusebio 
Macete1 (PhD); Quique Bassat1,2,6,7,8 (PhD)*

    1. Centro de Investigação em Saúde de Manhiça (CISM), Maputo, 
    Mozambique
     2. ISGlobal, Hospital Clínic - Universitat de Barcelona, Barcelona, Spain
    3. London School of Hygiene & Tropical Medicine, London, UK.
     4. CIBER de Epidemiología y Salud Pública CIBERESP, Instituto de Salud 
    Carlos III, Madrid, Spain
    5. World Health Organization (WHO), Global Malaria Programme, 
    Geneva, Switzerland
    6. ICREA, Pg. Lluís Companys 23, 08010 Barcelona, Spain
     7. Pediatric Infectious Diseases Unit, Pediatrics Department, Hospital 
    Sant Joan de Déu (University of Barcelona), Barcelona, Spain
    8. Universidad Europea de Madrid, Spain

* Corresponding author and person to whom reprint requests should be 
addressed: 
Quique Bassat
Address: ISGlobal, Rosselló 132, 5-2ª, 08036, Barcelona, Spain
Phone: +34 932275400 (ext 4121)
E-mail: quique.bassat@isglobal.org



228 Results - Article 7

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
    • 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 symptoms, 
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.



229Results - Article 7

    • 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.
    • 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 
(U5) child mortality1. 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 goal2. 

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 survival3. 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 workers4, 5 partly explain this neglect. 
Contrary to what occurs in industrialized countries, where PDM is limited to 
certain small, high-risk groups6, 7, children in resource-constrained countries 
appear to be at increased risk of mortality following hospitalisation for 
any illness4, 5, 8-13. 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-up4. Studies of all 
paediatric hospital admissions some decades ago estimated risk of PDM to 
range between 3.3% and 13%10, 14, 15. Studies on admissions due to malaria 
found a risk of PDM of around 2.0-2.6%16, 17. Estimates for other causes 
of admission including diarrhoea (2.9 to 7.0%)18, 19, anaemia (2.7-11.6%)20, 
pneumonia (1.0-15.0%)15, 21 or invasive bacterial diseases (2.8%)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 year10 
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 days5. 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 settings5. 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 Manhiça, 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 births23, with 
available data for Manhiça district being very similar. The Manhiça Health 
Research Center (CISM) is one of the leading research centre in Africa with 
a well-developed clinical laboratory which supports the Manhiça 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 conditions24. Human immunodeficiency virus 
(HIV) prevalence in the area is among the highest in the world25 and, in 
some areas, up to 40% of pregnant women attending the antenatal care 
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clinics are HIV-infected26. Vertical transmission of HIV has been estimated 
at around 9%27 and contributing 10% to the U5 mortality nationally28. 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 Manhiça 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 Manhiça 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.



234 Results - Article 7



235Results - Article 7



236 Results - Article 7



237Results - Article 7



238 Results - Article 7



239Results - Article 7



240 Results - Article 7



241Results - Article 7



242 Results - Article 7



243Results - Article 7



244 Results - Article 7

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% CI 1.03-1.43). Severe acute malnutrition (SAM) (HR 3.26, 95% CI 
(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% CI 1.33-2.12) 
and a positive HIV test (HR 1.77, 95% CI 1.07-2.91) also had a higher rate of 
death during the follow-up period. Absconding (HR 5.23, 95% CI 4.22-6.50) 
or referral to a higher level of health care (HR 4.48, 95% CI 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).
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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%14, 15, 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%10. 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 
in similar type of settings5, 14. 

Risk of death appears to be greatest in the early weeks immediately 
following discharge8, 11, with the first 30 days, where nearly half of all 
post-discharge deaths occur, being the most critical for survival11, 15, 18, 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% CI 0.36-0.54) 
similarly to what Moisi et al described in Kenya10. 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 others30 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 sepsis31, particularly those late-onset 
cases if cerebrospinal fluid sampling is not undertaken, thus hindering an 
adequate diagnosis of neonatal meningitis32. 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 population33.  

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 reported8, 10, 11, 15, 34, 
having older children less risk of death after hospitalization compared to 
infants. SAM is a recognized predictor of PDM5, 9-11, 18 as our models confirm. 
Data from Manhiça district showed that nearly half of children attending 
seen as outpatients presented some level of malnutrition and 6% could be 
classified as severely malnourished35. 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 Manhiça35, 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 
studies9, 11, 18. The GEMS multicentre study on the aetiology of diarrhoeal 
disease showed that diarrhoea burden in Manhiça is high and greatest 
among infants, with a strong association to mortality in the first 90 days 
after diagnosis36. HIV positivity, a clearly described predictor of PDM5, 20, 
remained in our model a strong independent predictor, even after adjusting 
for malnutrition. Some studies have reported an association between sepsis 
and excess child mortality8 but only one to date10 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-Bissau15 
described absconding from the hospital as the dominating predictor of 
PDM, but a Kenyan study did not confirm this association10. Absconding 
is in Manhiça 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 Gambia8, but differently from what was 
seen in Kenya10. 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 mortality37.  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 Manhiça using verbal autopsies 
documented that 53% of all paediatric deaths occurred at home24. 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 care38. 
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 Illness 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 diseases3. 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 Asia39. 
However, IMCI has little impact on nutritional status39, 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 admission40. 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 MDA41, 42. 
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 countries43. 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 
Manhiça, 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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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 decades11, 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 mortality61. 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 2030161.

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% CI 0.41-0.62)68. 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)68. 
The highest incidence continued to be in Africa (1.12 per 1000 LB), and 
especially in Southern Africa (2.00; 95% CI 0.74-3.26). Conversely, the lowest 
incidences were found in Asia (0.31 per 1000 LB) and in Southeast Asia (0.21; 
95% CI 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 III which is more commonly associated 
with GBS LOD disease and with the most virulent clone, clonal complex 
1787. The meta-analysis on maternal colonization87, part of the same wider 
project in which our meta-analysis is included, showed a lower prevalence 
of maternal colonization with serotype III 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 reviews68. 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 HIV162 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 one108,162-167. Among them, unpublished 
data for a 15-year long period from Manhiça, Mozambique (B. Sigaúque, 
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 Africa162,164,165 and Malawi168. 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 LOD148,149 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 III accounted for 
over half of all disease-causing isolates followed by serotypes Ia, V and II. 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 time68,94. 

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 GBS84.  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)84,169.

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 cultures84.
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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)84.

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

169
.

Figure 17. Comparing group B streptococcal (GBS) invasive diseases cases from model to 
incidence data. Adapted from Seale et al., Clinical Infectious Diseases 2017

84
.
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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 development63.

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

84
.
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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)45,170.
 
The yield of vagino-rectal sampling was better for detecting GBS colonization 
than using only vaginal samples as previously reported171,172 and 
recommended173. 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 HIC174 and LMIC and LIC175. 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 settings79,176 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 shown177-180. 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 diseases181-184. Erythromycin resistance is 
frequently associated with clindamycin resistance92 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 
countries87. 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 Manhiça, 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 culture185 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 
neonates186. 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%)187 and falling within the range reported in a 
systematic review for developing countries (0.6% - 6.1%)188. 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 specimens185,189 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% CI 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 found190. 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 treatable46,191-194. 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 
hospitalization195,196. 

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 PDM55,57,197,198 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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1. 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. 

2. 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.

3. Serotype III accounted for over half of all disease-causing isolates and a 
vaccine covering the most common five global serotypes (Ia/Ib/II/III/V) 
could prevent up to 97% of GBS invasive cases in infants.

4. 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.

5. Serotype V was the most prevalent in Manhiça, 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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6. 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. 

7. 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. 

8. Congenital transmission of parvovirus B19 and enterovirus seem to be less 
prevalent in Manhiça, Mozambique, although the small sample size is an 
important limitation of these results.

9. 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.

10. 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.

11. 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. In poor 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 Ia/Ib/II/III/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 Manhiça, 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.

7. 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.

8. 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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