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    The etiologic agent of yaws,  Treponema pallidum  subsp. 
 pertenue , causes a multistage infection transmitted by non-
sexual contact with the exudates from active lesions. 1,  2  
Although a multinational mass eradication campaign in the 
1950s greatly reduced its global incidence, 3–  5  a resurgence 
of yaws has occurred during the past decade in western and 
central Africa, southeast Asia, and the Pacific Islands. This 
resurgence emphasizes the need for reliable diagnostic cri-
teria. 6–  9  Unless diagnosed and treated at an early stage, 
yaws can become a chronic, relapsing disease and can enter 
into a late stage characterized by severely deforming bone 
lesions. 

 The differential diagnosis of yaws is extensive. The clini-
cal diagnosis may be difficult even for experienced clinicians 
because yaws produces lesions in the skin, bone, and cartilage, 
which can resemble several other diseases in the tropics. 1,  2  It 
has been reported that the disease may show a milder form 
or an atypical form, with less florid skin lesions. 7  Moreover, 
laboratory diagnosis of yaws is based on serologic analysis, 
which may not be suitable in syphilis-endemic areas because 
of cross-reactivity. The aim of this study was to describe the 
clinical signs and symptoms of patients with yaws in Papua 
New Guinea and determine the accuracy of the commonly 
used diagnostic procedures. 

 This study was a descriptive cross-sectional study involv-
ing patients who came to Lihir Medical Center (Lihir Island, 
Papua New Guinea) during January–September 2009. Patients 
with clinical suspicion of yaws and positive results for the 
Venereal Disease Research Laboratory (VDRL) test and the 
 Treponema pallidum  hemagglutination test were eligible. 

 The study group was limited to children less than 15 years 
of age whose mothers had negative treponemal test results 
at antenatal screening to reduce the likelihood of syphilis-
related positive results. We repeated the VDRL test after one 
week for all patients with an initial negative result and a dis-
ease duration less than two weeks to reduce the probability of 
initial false-negative results. A diagnosis of primary yaws was 
established by clinicians on the basis of chronic (> 2 weeks), 
painless, atraumatic ulcers with raised margins. Criteria for 
the diagnosis of secondary yaws included one of the follow-
ing: 1) multiple hyperkeratotic papules, 2) polyarthalgia, and 

3) bone pain and swelling affecting the fingers or toes, fore-
arms, and tibia or fibula, irrespective of accompanying radio-
logic abnormalities. 

 For testing by using a  T. pallidum  PCR specific for the 47-kD 
membrane lipoprotein gene, not yet validated for yaws, a dry 
swab specimen was obtained from 12 exudates of primary 
ulcers and from skin scrapings from three secondary lesions 
randomly chosen. Histopathologic examination of biopsy 
specimens, including a margin of normal tissue, was also per-
formed for four cases. 

 Because yaws is known to cluster in close communities and its 
prevalence can vary greatly between villages, we estimated the 
incidence rate derived from hospital-detected cases among the 
whole population for each of the 27 villages served by our hos-
pital. We defined a high incidence as a rate greater than 1.5%. 

 In the 12-month study period, 233 patients with clinically 
suspected yaws were evaluated and 138 patients received a 
diagnosis of yaws on the basis of a correlation of clinical find-
ings, epidemiologic history, and positive serologic results. The 
remaining 95 patients evaluated had a negative VDRL test 
result, including 61 (64.2%) patients with a skin ulcer and 
34 (35.8%) patients with bone or joint pains. Patient demo-
graphic characteristics, clinical signs and symptoms, laboratory 
results, and outcome are shown in  Table 1 . Eighty one (58.7%) 
persons displayed active primary cutaneous yaws lesions; most 
exhibited either solitary lesions or a scanty number of papillo-
mata, most commonly on the legs and ankles (85.2%), but also 
on the buttocks, arms, hands, and face. 

      Of the 138 patients evaluated, 63 (45.7%) exhibited signs 
of secondary stage yaws, including 58 (92%) with osteoar-
ticular involvement ( Figure 1 ). In some cases, the initial pri-
mary lesion persisted into the secondary stage (6 [9.5%] of 
63); in some other cases healed primary lesions were noted. 
Arthralgias were the most common presentation of second-
ary stage yaws (48 [76.2%] of 63) and usually affected mul-
tiple large joints including the knees, ankles, elbows, and 
wrists. Marked pain in the long bones of extremities with or 
without visible bone or soft-tissue swelling or deformity on 
examination was present in 10 (15.9%) of secondary stage 
cases. 

  The association between the stage of infection and patient 
demographic features and laboratory results is shown in 
 Table 2 . There was a positive association between a high ini-
tial titer and primary stage disease; 36 (48.0%) of 75 persons 
with primary yaws compared with 15 (23.7%) of 63 persons 
with secondary yaws ( P  = 0.004) had a VDRL test titer > 1:32. 

         Short Report:          Challenges in Recognition and Diagnosis of Yaws 
in Children in Papua New Guinea    

    Oriol   Mitjà   ,*      Russell   Hays   ,    Francis   Lelngei   ,    Nedley   Laban   ,    Anthony   Ipai   ,    Slim   Pakarui   , and    Quique   Bassat   
 Department of Medicine, and Department of Microbiology, Lihir Medical Centre, International SOS, Lihir Island, Papua New Guinea; 

Barcelona Centre for International Health Research, Hospital Clínic, University of Barcelona, Barcelona, Spain                  

  Abstract.   A global resurgence of yaws in developing countries highlights the need for reliable diagnostic criteria 
for this neglected infection. We conducted a clinical and serologic survey of 233 children less than 15 years of age who 
had clinically suspected yaws. A total of 138 (59%) cases were confirmed serologically, and 10 of 12 primary stage cases 
showed positive results for  Treponema pallidum  by a polymerase chain reaction assay that has not yet been validated for 
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Among the secondary cases, 48 (76.2%) of 63 patients lived in 
a high prevalence village and only 42 (56.0%) of 75 patients 
had primary stage disease ( P  = 0.014). 

      The PCR results were positive for 10 (83.3%) of 12 children 
with primary ulcers, and 3 of 3 patients with secondary skin 
lesions had PCR-negative results. The latter negative results 
could be ultimately related to the scarce numbers of bacte-
ria present in secondary stage lesions, which are mainly an 
inflammatory infiltrate. 10  The five patients with negative PCR 
results had positive serologic results and typical clinical signs 
and symptoms. 

 Microscopic study of biopsy specimens of four skin sam-
ples at the margin of primary ulcerative lesions showed par-
akeratosis containing neutrophils with epidermal erosion and 
an inflammatory cell infiltrate in the dermis comprising of 
lymphocytes. Furthermore, immunoperoxidase staining was 
positive for  Treponema  sp. and showed scattered spirochetes 
within the epidermis ( Figure 2 ). 

  Yaws is endemic to areas of Papua New Guinea, but because 
this disease is not fatal and occurs primarily in remote areas 
among isolated communities, it does not receive adequate 
attention. The clinical and serologic survey we conducted 
highlights three issues. First, clinical diagnosis of yaws is not 
easy to determine and support for laboratory techniques 
is necessary. Second, yaws in Papua New Guinea may have 
changed its pattern of presentation by showing an increased 
number of secondary stage osteoarticular forms. Third, molec-
ular biological techniques should be explored as an alterna-
tive to dark-field microscopy for direct diagnosis of ulcers 
of yaws. 

 In our experience, only 60% of the cases with a clinical sus-
picion of yaws were confirmed by serologic tests. The diagno-
sis of yaws is complicated because its clinical manifestations 
are diverse or may be totally unspecific. Primary yaws is com-
monly confused with anaerobic fusobacteria-related ulcer, cuta-
neous leishmaniasis, mycobacterial disease,  C. diphtheriae , or 
 A. haemolyticum  skin infection. Similar secondary cutaneous 
manifestations might be caused by infected bites, psoriasis, 
excoriated chronic scabies or verrucae. Second ary stage bone 
lesions need to be differentiated from bacterial osteomyeli-

tis, tuberculosis, and sickle cell disease. Arthralgias are also a 
common but nonspecific symptom of patients. 1,  2  

 We believe that clinical findings alone, even for experienced 
clinicians, are not reliable in reaching a diagnosis of yaws. 
Conversely, serologic tests commonly used may not enable 
confident diagnosis of yaws from other treponemal infections. 
For persons greater than 15 years of age who are known to be 
sexually active, syphilis infection cannot be strictly excluded. 
Therefore, a proper diagnosis of yaws requires interpretation 

 Table 1 
  Demographic data, clinical presentation, laboratory results, and 

outcome after treatment of 138 patients with yaws, Papua New 
Guinea *   

Characteristic Global (n = 138)

Mean (SD) age, years 9.6 (4.4)
Male sex, no. (%) 81 (58.7)
VDRL test titer, no. (%)
1:16 54 (39.1)
1:32 33 (23.9)
1:64 42 (30.4)
1:128 9 (6.5)
Primary lesion, no. (%) 81 (58.7)
Face 2/81 (2.5)
Upper limb 10/81 (12.3)
Lower limb 69/81 (85.2)
Secondary stage, no. (%) 63 (45.7)
Skin lesions 18/63 (28.6)
Arthralgias 48/63 (76.2)
Bone swelling or pain 10/63 (15.9) † 
Family history, no. (%) 36 (26.1)

  *   VDRL = Venereal Disease Research Laboratory.  
  †   Includes seven cases of radiologically confirmed yaws osteoperiostitis among three 

patients who had dactylilitis.  

 Figure 1.    Secondary skin lesion (crustopapillomatous) on the left 
arm of a patient with yaws ( A ) and radiograph of her forearms and 
hands ( B ), Papua New Guinea.  Arrows  show dactilitis with thicken-
ing of the cortex and increase in width of the phalanx and bilateral 
periosteal reaction of the ulna and radius with widespread onion lay-
ering deposition of periosteal bone.    
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of clinical findings with reference to laboratory results and the 
epidemiologic history of the patient. 

 Manifestations of secondary yaws, particularly bone and 
joint involvement, are now more frequent and often subtle. 
In a community survey in the Democratic Republic of Congo, 
80% of patients had lesions suggestive of secondary yaws. 6  On 
Lihir Island, 46% of case-patients had the secondary stage of 
yaws, and this feature was more pronounced in those villages 
with a high endemicity (ratio 2.5). 

 A factor that could have contributed to the change on clini-
cal presentation is the widespread use of oral antibiotics. Low 
bioavailability of penicillin and its derivatives given as oral 
dosages likely prevented eradication of the causative bacteria 
from bone. 11  Also, these drugs could have had a specific effect 
on skin lesions. 

 Although there are no detailed data available for yaws in 
Papua New Guinea, VDRL test results seem to be similar to 
those for syphilis in which VDRL test results decrease over 
time. 12  In this study the longer-term infections in secondary 
stage were more commonly associated with a VDRL test titer 
< 1:32. A negative correlation between VDRL test titer and 

duration of syphilis was reported by McMillan and Young, in 
which test results were positive in 100% of patients in an early 
stage of syphilis, but decreased to 85% in patients in a latent 
stage. 13  

 A PCR used in laboratory diagnosis of early syphilis that 
is specific for the 47-kD membrane lipoprotein gene showed 
positive results for most of the tested patients with primary 
ulcers. 14  To our knowledge, this PCR method has not been 
previously used with clinical specimens from patients with 
yaws. However, the 47-kD protein is involved in cell wall 
synthesis and would be expected to be conserved in related 
treponemes. 

  Treponema pallidum  has historically been detected in clini-
cal specimens by using dark-field microscopy, a method that 
has high specificity. However, if bacterial load is low or viabil-
ity of the treponemes is reduced, the sensitivity of this method 
may be severely decreased. 15  In this context, potential use of 
the  T. pallidum  PCR specific for the 47-kD gene as a direct 
and fast test for diagnosis of primary yaws should be explored. 
However, its additional value for diagnosis of secondary yaws 
might be limited. 

 Received January 31, 2011. Accepted for publication April 11, 2011. 
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Osteoperiostitis in Early Yaws: Case
Series and Literature Review

Oriol Mitjà, Russell Hays, Anthony Ipai, Bonnie Wau, and Quique Bassat2

1Department of Medicine, Lihir Medical Centre, International SOS, Lihir Island,

Papua New Guinea; 2Barcelona Centre for International Health Research, Hospital

Clìnic, University of Barcelona, Spain

We describe the clinical and radiological manifestations

and outcome after treatment of 7 children who received

a diagnosis of early yaws osteoperiostitis. Osteoperiostitis

occurred some weeks after the primary infection, and the

most common finding was hypertrophic periostitis of long

bones. All treated patients had excellent responses to benzyl-

penicillin therapy.

Yaws is a contagious, nonvenereal, treponemal infection that

mainly occurs in children,15 years of age. The disease is caused

by infection with Treponema pallidum pertenue and occurs pri-

marily in warm, humid, tropical regions among poor rural

populations [1, 2]. Although a mass eradication campaign in the

1950s greatly reduced the incidence of yaws, a resurgence of the

disease has recently occurred in West and Central Africa,

Southeast Asia, and the Pacific Islands [3,4]. The most recent

World Health Organization estimate (1997) suggested that the

prevalence of yaws at that time was 3 million cases [5].

Direct personal skin-to-skin contact is the major route of

transmission in yaws. The most common clinical manifestations

in early yaws are the single papillomatous reddish primary lesion

and multiple hyperkeratotic papules in the secondary stage [1].

Bone and joint involvement, including periostitis and osteitis,

have been reported in the early stages and may result in severe

bone pain and swelling [6–8]. Moreover, if untreated, the

chronic osteoperiostitis may result in destructive lesions during

the late yaws period [9–12].

In this series, we describe children treated at our institution who

received a diagnosis of early yaws osteoperiostitis and review other

cases of early yaws osteoperiostitis reported in the English-

language literature.

PATIENTS AND METHODS

We evaluated all cases of yaws from January through December

2009 at Lihir Medical Center (Lihir Island; Papua New Guinea).

The diagnosis of yaws was based on clinical suspicion and

serologic parameters. Patients ,15 years of age whose mothers

had negative treponemal test results at antenatal screening, with

clinical evidence of early yaws (primary or secondary stage) and

scoring positive in both the nontreponemal test (Venereal Dis-

ease Research Laboratory [VDRL]) and the Treponema pallid-

um hemagglutination test were eligible. A diagnosis of primary

yaws was established by clinicians on the basis of chronic (.2

weeks), painless, atraumatic ulcers with raised margins and

a soft, red, moist bed. Criteria for the diagnosis of secondary

yaws included one of the following signs or symptoms: (1)

multiple hyperkeratotic papules or (2) bone pain and swelling

affecting the fingers or toes (dactylitis), forearm, tibia, or fibula.

Four experienced clinicians were responsible for screening the

patients and ordering radiological studies based on the following

criteria: visible bone changes or palpable thickening of the bone

or surrounding soft tissue swelling or marked pain in the long

bones of extremities. Arthralgias are well-recognized symptoms

of secondary-stage yaws and usually affect the knees, ankles, el-

bows, and wrists. They do not in themselves constitute an in-

dication for a radiological study. Radiological diagnostic criteria

of early yaws osteoperiostitis were periosteal reaction or osteol-

ysis affecting the fingers or toes, forearm, tibia, or fibula.

Patients were re-examined clinically and serologically 6 months

and9months after treatment.A4-fold decrease in VDRL titer after

9 months was considered to be necessary to demonstrate cure.

RESULTS

During the 12-month period, 222 patients received a diagnosis

of yaws on the basis of epidemiological, clinical, and serological

criteria. Of 194 patients for whom clinical data were available,

104 (53.6%) presented with skin lesions, 64 (33.0%) with joint

or bone pain, and 26 (13.4%) with both. Radiological studies

were performed at the time of diagnosis in 28 (43.7%) of 64

patients with bone and joint pain.

Seven children had cases that met the radiological diagnostic

criteria of early yaws osteoperiostitis. Six patients underwent

follow-up clinical, radiological, and laboratory evaluation at 6
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and 9 months after diagnosis. One patient was evaluated at the

time of infection and was subsequently lost to follow-up. In-

cluding the 7 cases that are described here for the first time, there

are, to our knowledge, 25 cases documented in the literature of

bone involvement in yaws and only 18 during the early period

(primary or secondary stage) [7, 8, 10, 11]. The demographic

characteristics, clinical presentation, diagnostic test results, ra-

diological findings, treatment, and outcome for the 7 cases from

Lihiri Medical Center are shown in tables 1 and 2.

The cases were all diagnosed 3 weeks to 3 months after the

primary lesion appeared. Patients presented with bone pain (7

[100%] of 7), soft tissue swelling (6 [85.7%] of 7), multiple

bones involved (3 [42.9%] of 7), hand lesions (3 [42.9%] of 7),

and elevated alkaline phosphatase level (4 [100%] of 4 for whom

data were available). Radial involvement was most common (5

cases [71.4%] of 7), followed in frequency by ulnar and pha-

langes, metacarpals, or metatarsals.

Spindle-shaped soft-tissue swelling was visible around the

phalanges in the patients with dactylitis (Figure 1). The bony

changes consisted of increased density and sclerosis involving

the shaft of the phalanx (Figures 1 and 2). When long bone

involvement was noted, the presence of a periosteal reaction was

the predominant bone lesion (Figure 1). In 2 patients, there was

also a loss of clarity of the cortex of the distal radius diaphysis,

corresponding to areas of osteolysis (Figure 2).

Six patients (85.7%) recalled having recently had a large,

single papule on the lower limbs; this papule had resolved

spontaneously in 4 of these patients, leaving a tissue paper scar.

The other 2 patients (28.7%) still presented with the active

primary skin lesion, and another 2 presented with multiple

hyperkeratotic skin papules at the time of diagnosis. The main

findings on skin biopsy for these 2 cases were parakeratosis with

prominent epidermal hyperplasia and intraepidermal micro-

abcesses. The result of an immunoperoxidase stain for spi-

rochaetes was negative, and T. pallidum DNA (NAA) was not

detected in either of the 2 cases.

After the diagnosis was serologically confirmed, all treated

patients had excellent responses to antibiotic therapy with 3

doses of intramuscular benzyl-penicillin. The mean duration of

follow-up was 9 months to date and showed that the bone

Table 1. Epidemiology and Clinical Presentation for Children with Early Yaws Osteoperiostitis

Patient Age Sex Village

Signs and symptoms

Join Pain

Bone

afection

Soft

tissueswelling

PrimarySkin

lesion

status

Primary skin

lesion localization

Duration,
aweeks

Secondary

skin lesions

1 6 M Komat Present Monodactilitis Present Active lower limb 6 Absent

2 8 M Komat Present Periostitis Present DR DR DR Absent

3 4 F Kunaye1 Present Poli-periosteitis Present Healed lower limb 8 Present b

4 5 F Kul Present Periostitis Absent Healed lower limb 8 Present b

5 6 M Latahul Present Periostitis Present Healed lower limb 3 Absent

6 5 M Latahul Present Periostitis Present Active upper limb 4 Absent

7 9 M Kul Present Poli-periosteitis Present Healed lower limb 12 Absent

NOTE. DR, do not remember.
a Time since appearance of primary lesion.
b Skin biopsy specimen was taken.

Table 2. Laboratory and Radiological Findings for Children with Early Yaws Osteoperiostitis

Patient

Initial

VDRL titer

VDRL titer

at 9 months

after treatment TPHA

AlkPh

level,a U/L

Type of bone

affection

Number of

bones

affected

Hands or

feet affected

Radius or

ulna

involvement

Tibia or

Peronne

involvement

1 1:16 Negative Positive Not available Monodactilitis 1 Unilateral Absent Absent

2 1:64 1:8 Positive 201 Poli-periostitis 5 Absent Bilateral Unilateral

3 1:32 Negative Positive 188 Poli-osteoperiostitis 7 Bilateral Bilateral Absent

4 1:32 1:2 Positive Not available Mono-periostitis 1 Absent Absent Unilateral

5 1:32 1:32 Positive 149 Poli-osteoperiostitis 2 Absent Unilateral Unilateral

6 1:32 Lost of follow up Positive Not available Poli-osteoperiostitis 2 Absent Unilateral Unilateral

7 1:32 Negative Positive 240 Poli-periosteitis 5 Bilateral Bilateral Absent

NOTE. AlkPh, alkaline phosphatase; TPHA, treponema pallidum hemagglutination; VDRL, Venereal Disease Research Laboratory test.
a Reference range in our laboratory is 36–126 U/L
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lesions had resolved in all patients, complete healing of all cu-

taneous lesions occurred in most instances, and VDRL had

decreased by .2 dilutions in 5 of 6 patients. No long-term

sequelae were observed.

DISCUSSION

Yaws is an increasing public health concern in Papua New

Guinea. The disease occurs primarily in populations living in

rural areas where lack of sanitation and hygiene prevails and

varies in severity from a self-limiting illness to irreversible, in-

capacitating bone lesions.

After the World Health Organization–sponsored mass erad-

ication campaign in the 1950s, clinical and radiographical de-

scriptions of bone abnormalities in yaws have rarely been

published. Archaeological-based research has been the only

source of information that has increased the understanding of

osteoperiostitis in yaws. Examination of skeletons from pop-

ulations with clinically diagnosed yaws revealed pathological

changes distinctive to that disease, clearly separating it from

changes caused by other bone diseases (eg, infantile cortical

hyperostosis and hypertrophic osteoarthropathy) or from other

treponemal infections, such as syphilis [13].

Yaws, as one form of pathologic treponematosis, alters the

appearance of bones in a highly specific manner. According to

our observations, yaws is a polyostotic disorder. The mean

number of affected bones was 3.3 (range, 1–7), similar to that

noted by Lin et al [7]. The radius, ulna, and phalanges were the

bones most frequently implicated, and involvement was often

bilateral. This contrasts with the pauciostotic presentation and

rare involvement of hands and feet found in syphilis. An ar-

chaeological study in which skeletons from a 500-year-old site

were examined found yaws-related periostitis in 19% of skel-

etons. Invariably, polyostotic involvement was present, and

hand and foot lesions were frequent [14].

The radiological abnormalities demonstrated in early yaws

consisted of dactylitis and osteoperiostitis. We did not observe any

Figure 1. Fusiform swelling of the second digit in patient 3 (A) and

radiograph of her forearms and hands (B). Arrows show dactilitis with

organized periosteal reaction, some thickening of the cortex, and increase

in width of the phalanx and bilateral periosteal reaction of the ulna and

radius with widespread ''onion layering'' deposition of periosteal bone.

Figure 2. Radiograph of the right foot of patient 7, showing dactilitis of

the proximal phalanx of the first digit (A) and radiograph of his arm with

a loss of clarity of the cortex of the distal radius and ulna (B).
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characteristic late-stage lesions, such as juxtaarticular nodules

(gummas), bowing of the tibia (saber shins), nasal cartilage des-

truction (gangosa), or exostosis of the paranasal maxilla (gondou).

In contrast with secondary yaws, tertiary yaws is a devastating

and deforming process that occurs 5–10 years after inoculation.

This article describes the findings of 3 cases of dactylitis that

are very similar to those documented previously in 2 cases

reported from Indonesia [6]. Of note, mild hyperphosphatasemia

was found, probably resulting from elevations in the bone

isoform of alkaline phosphatise caused by an accelerated skeletal

turnover.

In our study, secondary skin lesions appeared somewhat less

frequently (28.5%) than in a recent Chinese study of 9 patients

with early yaws osteoperiostitis in which most of the patients

were noted to present with them [7].

On the basis of the limited number of cases reported to date,

early yaws osteoperiostitis appears to be a relatively mild disease

if it is diagnosed and treated in a timely manner. The diagnosis

should be considered in young children who present with bone

pain in regions where yaws is endemic. In patients in whom the

illness is suspected, attempts should be made to confirm the

diagnosis serologically. Diagnosis of the specific treponema

causing bone disease, however, is necessarily on the basis of

epidemiological data (children without history of sexual rela-

tions and a VDRL-negative mother), because no histological,

biochemical, immunologic, or microbiologic techniques are

available for distinguishing between them. This series of cases

suggests that the presence of supportive clinical and radiological

findings may be useful in the clinical diagnosis.
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Single-dose azithromycin versus benzathine benzylpenicillin 

for treatment of yaws in children in Papua New Guinea: 

an open-label, non-inferiority, randomised trial

Oriol Mitjà, Russell Hays, Anthony Ipai, Moses Penias, Raymond Paru, David Fagaho, Elisa de Lazzari, Quique Bassat

Summary
Background Yaws—an endemic treponematosis and, as such, a neglected tropical disease—is re-emerging in children 
in rural, tropical areas. Oral azithromycin is eff ective for syphilis. We assessed the effi  cacy of azithromycin compared 
with intramuscular long-acting penicillin to treat patients with yaws.

Methods We did an open-label, non-inferiority, randomised trial at Lihir Medical Centre, Papua New Guinea, between 
Sept 1, 2010, and Feb 1, 2011. Children aged 6 months to 15 years with a serologically confi rmed diagnosis of yaws 
were randomly allocated, by a computer-generated randomisation sequence, to receive either one 30 mg/kg oral dose 
of azithromycin or an intramuscular injection of 50 000 units per kg benzathine benzylpenicillin. Investigators were 
masked to group assignment. The primary endpoint was treatment effi  cacy, with cure rate defi ned serologically as a 
decrease in rapid plasma reagin titre of at least two dilutions by 6 months after treatment, and, in participants with 
primary ulcers, also by epithelialisation of lesions within 2 weeks. Non-inferiority was shown if the upper limit of the 
two-sided 95% CI for the diff erence in rates was lower than 10%. The primary analysis was per protocol. This trial is 
registered with ClinicalTrials.gov, number NCT01382004.

Findings We allocated 124 patients to the azithromycin group and 126 to the benzathine benzylpenicillin group. In the 
per-protocol analysis, after 6 months of follow-up, 106 (96%) of 110 patients in the azithromycin group were cured, 
compared with 105 (93%) of 113 in the benzathine benzylpenicillin group (treatment diff erence –3∙4%; 95% CI 
–9∙3 to 2∙4), thus meeting prespecifi ed criteria for non-inferiority. The number of drug-related adverse events (all 
mild or moderate) was similar in both treatment groups (ten [8%] in the azithromycin group vs eight [7%] in the 
benzathine benzylpenicillin group).

Interpretation A single oral dose of azithromycin is non-inferior to benzathine benzylpenicillin and avoids the need 
for injection equipment and medically trained personnel. A change to the simpler azithromycin treatment regimen 
could enable yaws elimination through mass drug administration programmes.

Funding International SOS and Newcrest Mining.

Introduction
Yaws—an endemic treponematosis and, as such, a 
neglected tropical disease—is re-emerging. 40 years after 
a worldwide control programme almost eradicated the 
disease, it has re-emerged in children in poor, rural, and 
marginalised populations in parts of Africa, Asia, and 
South America. Yaws is caused by Treponema pallidum 
subsp pertenue, and aff ects mainly skin, bones, and 
cartilage. The disease has a natural history in primary, 
secondary, and tertiary stages. Unless diagnosed and 
treated at an early stage, yaws can become a chronic, 
relapsing disease, and can lead to severe deforming bone 
lesions in the long term.1

Between 1952, and 1964, WHO and UNICEF led a 
worldwide campaign to control and eventually eradicate 
yaws and other endemic treponematoses.2 Yaws became 
the second disease targeted for eradication, after 
smallpox. Control programmes were established in 
46 countries and, by the end of 1964, the number of cases 
had reduced by 95%, from 50 million to 2∙5 million. 
However, control eff orts were gradually abandoned in 

most countries3 and the disease re-emerged in the late 
1970s, prompting the adoption of WHO’s assembly 
resolution 38∙58.4 According to the last estimate by WHO 
in 1995, more than 500 000 children were still aff ected in 
Africa, Asia, and South America.5

Penicillin remains the drug of choice to treat endemic 
treponematoses.6,7 WHO guidelines recommend one 
intramuscular injection of long-acting benzathine 
benzylpenicillin at a dose of 1∙2 MU for adults and 
0·6 MU for children;8 however, other guidelines recom-
mend higher doses.9 This treatment is eff ective and has 
several advantages, as described for venereal syphilis.10 
Although this treatment is cheap and well tolerated, it 
has drawbacks, including the operational and logistical 
diffi  culties related to treatment with drug injection, the 
potential risk of transmission of blood-borne pathogens 
with unsafe injection practices, the pain related to deep 
intramuscular injection of a large volume (4 mL), and a 
high rate of self-reported allergy to penicillin.

Oral phenoxymethylpenicillin for 7–10 days (50 mg/kg 
daily in four doses; maximum dose 300 mg four times a 
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day) was eff ective in a yaws control programme.11 Such a 
regimen overcomes the disadvantages of intramuscular 
drug administration, but poor adherence to a multiday 
treatment regimen is a risk. In pilot studies of the potential 
of oral, single-dose treatment against several infectious 
disorders, azithromycin—a macrolide antibiotic with a 
long half-life in tissue—seemed to be a valuable drug 
against Chlamydia trachomatis,12 Neisseria gonorrhoeae,13 and 
Haemophilus ducreyi14 infections. Promising results were 
also reported from a large-scale study10 done in Tanzania, 
with two regimens to treat early syphilis: one oral dose 
(2 g) of azithromycin and one intramuscular dose of 
benzathine benzylpenicillin 2∙4 MU. A multicentre trial15 
in North America and Madagascar had similar fi ndings.

The immediate-release formulation of azithromycin 
given in one oral dose of 30 mg per kg of bodyweight has 
been approved and widely used to treat acute otitis media 
in children since 2001.16,17 The product is available as an 
oral tablet or as syrup, which is easier to administer to 
very young children.

We assessed the effi  cacy of a single oral dose of 
azithromycin compared with the standard single 
intramuscular dose of benzathine benzylpenicillin to 
treat yaws.

Methods
Study setting and patients
We undertook a prospective, open-label, non-inferiority, 
randomised controlled trial at Lihir Medical Centre in 
Papua New Guinea between Sept 1, 2010, and 
Feb 24, 2011. The Lihir islands are geographically 
remote, and despite being host to a major gold-mining 
operation since 1995, the living conditions and sanitation 
remain basic in most areas. Yaws is still a substantial 
cause of morbidity in Papua New Guinea.18,19 Monthly 
reports for monitoring several indicators of infectious 
diseases and maternal and child health are being 
collected via forms from hospitals, health centres, and 
aid posts throughout the country. The national health 
department estimated the number of yaws cases to be 
17 000 nationwide in 2003, and 23 000 in 2008, of which 
5000 were in New Ireland province, where Lihir Island 
is located, and another 5000 in the neighbouring 
province of West New Britain (unpublished).

All patients examined in the outpatient medical 
department and suspected to have primary-stage or 
secondary-stage yaws were assessed for possible inclusion 
in the study. Eligible patients were children aged 6 months 
to 15 years with a rapid plasma reagin titre of at least 1 in 
16 and a reactive T pallidum haemagglutination test. 
Exclusion criteria were known allergy to penicillin or 
macrolide antibiotics, use of antibiotics active against 
T pallidum during the preceding month, and known or 
suspected coexisting diseases for which additional 
antibiotic treatment with drugs eff ective against T pallidum 
would be needed (use of quinolones, sulphonamides, 
trimethoprim, and metronidazole was allowed).

A diagnosis of yaws chancre (primary stage) was 
established by dermatological examination on the 
basis of chronic (symptomatic for >2 weeks), painless, 
atraumatic ulcers with raised margins. Criteria for the 
diagnosis of secondary yaws included the presence 
of one or more of: multiple hyperkeratotic papules; 
polyarthralgia; or bone pain and swelling aff ecting the 
fi ngers or toes, forearm, tibia, or fi bula. When an overlap 
between the stages occurred (ie, primary lesion 
persisting after the appearance of secondary yaws 
symptoms) we classifi ed the case as secondary stage. 
The study was approved by the National Medical 
Research Advisory Committee of the Papua New Guinea 
Ministry of Health. All patients, or their parents, 
provided signed informed consent.

Randomisation and masking
Eligible participants were randomly assigned, by use of a 
computer-generated random-numbers list, to receive 
either 30 mg/kg (maximum 2 g) azithromycin orally or 
50 000 units per kg (maximum 2∙4 MU) benzathine 
benzylpenicillin by intramuscular injection. Random-
isation was done in permuted blocks of four and in a 
1:1 ratio. The allocation was concealed from investigators 
by use of opaque, sealed, and sequentially numbered 
envelopes that were opened after the study team had 
decided to enrol a patient. Laboratory technicians were 
unaware of participants’ treatment allocation, treatment 
response, and previous rapid plasma reagin results at all 
times. All participants received directly observed treat-
ment, but masking of patients was not possible for 
logistical reasons.

Procedures
The primary endpoint was serological cure, defi ned as 
a decrease in the rapid plasma reagin titre by at least 
two dilutions at the 6-month follow-up examination, 
compared with the titre at time of treatment. For ulcers, 
improvement of lesions in 2 weeks after treatment was 
also needed. Secondary endpoints were the individual 
components of the primary endpoint, cure rate 3 months 
after treatment, and cure rates according to stage of yaws, 
rapid plasma reagin titre at treatment, and history of 
household exposure.

To guarantee timely follow-up of participants, we 
implemented a community-based follow-up strategy. 
A fi eld team, consisting of a physician, a laboratory 
technician, and a local health worker, located patients 
twice a week (for follow-up visit) at their residence by 
tracking detailed locator information. All participants 
were re-examined 2 weeks after treatment to assess 
clinical resolution. Photographic documentation of skin 
lesions was obtained at diagnosis and at the 14-day follow-
up visit for comparison over time. Patients with 
worsening ulcers were retreated with benzathine 
benzylpenicillin (at the same dose). We assessed all 
participants at 3 months and 6 months after treatment. A 
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5 mL blood sample was obtained at each follow-up visit 
for serological analysis for T pallidum. All rapid plasma 
reagin tests were done in duplicate by two independent 
trained technicians at the Lihir Medical Centre 
microbiology department, and tests were done a third 
time in cases of discrepant results.

Safety assessments included documentation of imme-
diate adverse events and patient-reported adverse events. 
So that immediate reactions could be recorded and 
treated, patients stayed at the health centre for 30 min 
after treatment. Patient-reported adverse events were 
assessed at the 2 week examination. Patients (or their 
parents or guardians) were explicitly asked about pain at 
site of injection, rash, fever, vomiting, diarrhoea, and 
stomach pain.

Statistical analysis
This study was based on the notion that azithromycin 
would be non-inferior to benzathine benzylpenicillin 
for the primary effi  cacy outcome, with use of a pre-
specifi ed non-inferiority margin; the upper limit of the 
95% CI for the diff erence in cure rates between groups 
would not exceed 10%. We calculated that a sample size 
of 242 patients (121 per group) would give a power of 
80% to test the hypothesis of non-inferiority. This 
sample size accounted for an expected effi  cacy of 
benzathine benzylpenicillin of 95%,11,20 a non-inferiority 
margin of 10%, and a one-sided type 1 error rate of 0∙05, 
with the assumption that 10% of participants would be 
lost to follow-up.

We selected the per-protocol population for the primary 
analysis. This population included all patients who 
underwent randomisation and who completed the study 
procedures to month 6. We also did a supporting analysis 
with the intention-to-treat (missing equals failure) 
population, which included all eligible patients, and in 
which patients with missing data were regarded as having 
treatment failure.

For analysis of the primary endpoint (cure rate at 
6 months), we estimated two-sided 95% CIs for the 
diff erence in cure proportions between the benzathine 
benzylpenicillin group and the azithromycin group 
according to Altman and colleagues’ method.21 We used 
the same method to analyse secondary binary endpoints. 
We did additional post-hoc analyses to assess the 
consistency of treatment eff ects in subgroups defi ned 
according to disease stage, rapid plasma reagin titre, and 
household exposure, with Fisher’s exact test. To compare 
baseline characteristics and adverse events between the 
treatment groups, we used two-sided t and Fisher’s exact 
tests with a signifi cance level of 0∙05. We did all statistical 
analyses with Stata (version 11.1).

This study is registered with ClinicalTrials.gov, number 
NCT01382004.

Role of the funding source
The sponsor of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. All authors had full access to all the 
data in the study and had fi nal responsibility for the 
decision to submit for publication.

Results
Figure 1 shows the trial profi le. 250 patients with 
serologically confi rmed yaws were randomly assigned 
to receive either azithromycin or benzathine benzyl-
penicillin. Baseline clinical and serological characteristics 
of the two treatment groups were similar (table 1). Mean 
age of the participants was 8∙8 years (SD 3·6; range 
8 months to 15 years). 42% of patients had primary yaws 
(table 1). The rapid plasma reagin titre was less than 1 in 
32 in 107 (43%) participants and 1 in 64 or more in 
143 (57%; table 1).

255 patients enrolled

13 lost to 

 follow-up

12 lost to follow-up

 2 adverse events

250 patients underwent 

 randomisation

124 assigned azithromycin 126 assigned benzathine 

 benzylpenicillin

110 completed 113 completed

5 ineligible

 3 declined to participate

 2 allergic to benzathine 

  benzylpenicillin

Figure 1: Trial profi le

Azithromycin 

(n=124)

Benzathine benzylpenicillin 

(n=126)

Age (years) 9·2 (3·7) 8·4 (3·3)

Male sex 54 (44%) 59 (47%)

Exposure* 26 (21%) 20 (16%)

Clinical presentation

Primary stage 50 (40%) 56 (44%)

Secondary stage 74 (60%) 70 (56%)

Persisting ulcer 18 (15%) 15 (12%)

Secondary skin lesions 16 (13%) 11 (9%)

Arthralgias 68 (55%) 64 (51%)

Bone swelling or pain 12 (10%) 10 (8%)

RPR titre at treatment

≤1 in 32 47 (38%) 60 (48%)

≥1 in 64 77 (62%) 66 (52%)

Data are mean (SD) or number (%). RPR=rapid plasma regain. *Household 

exposure to other children with open skin ulcers during the previous 3 months.

Table 1: Baseline characteristics of the intention-to-treat population
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25 (10%) of the 250 participants could not be traced: ten 
(4%) of these children could not be located for any 
follow-up visit and 15 (6%) were lost after the fi rst follow-
up visit. We could not locate seven (3%) participants 
because they provided an invalid address, and 18 (7%) 
were originally from the study area but moved elsewhere 
during follow-up. Two patients did not complete follow 
up because of adverse events related to drug admin-
istration. The remaining 223 patients constituted the per-
protocol population.

Adverse events in the fi rst 14 days of treatment 
were reported by ten (8%) of 119 patients interviewed in 
the azithromycin group, and by eight (7%) of 121 in 
the benzathine benzylpenicillin group. Of participants 
given azithromycin, six (5%) reported nausea, two (2%) 
stomach pain, and two (2%) vomiting within 30 min of 
taking the drug. We classed the two patients who vomited 
as having had treatment failure in the intention-to-
treat analyses, and they were retreated with benzathine 
benzylpenicillin. In patients given benzathine benzyl-
penicillin administration-related adverse eff ects were the 
most common. Six (5%) patients in the benzathine 
benzylpenicillin group reported persistent injection-site 
pain, despite use of lidocaine 1% as a diluent, and two 
(2%) had an injection-related abscess. No serious adverse 
events were reported during treatment or for the entire 
follow-up period.

129 participants with ulcers (in primary or secondary 
stage) were re-examined 2 weeks after treatment; the 
ulcers had resolved in 51 (40%) and were healing in 
70 (54%; fi gure 2). The rates of healing did not diff er 
signifi cantly between the two treatment groups (data not 
shown). We classed the remaining eight (6%) patients 
(four in the azithromycin group and four in the 
benzathine benzylpenicillin group) as having clinical 
treatment failure.

In both the per-protocol and intention-to-treat 
analyses the criteria for non-inferiority were met for the 
composite primary endpoint of serological cure at 
6 months and clinical healing of ulcers. In the per-
protocol analysis, 106 of 110 patients assigned 
azithromycin were cured at 6 months compared with 
105 of 113 patients in the benzathine benzylpenicillin 
group (risk diff erence –3∙4%, 95% CI –9∙3 to 2∙4; 
table 2). Incidence of the individual components of the 
primary endpoint and intermediate cure rates did not 
diff er signifi cantly between groups (table 2). In the 
intention-to-treat population, 106 of 124 patients 
assigned azithromycin and 105 of 126 patients assigned 
benzathine benzylpenicillin met the criteria for the 
primary endpoint (–2∙2%, –11∙1 to 6∙8; table 2).

In subgroup analyses, the cure rates at 6 months 
according to yaws stage, rapid plasma reagin titre at 
treatment, and household exposure did not diff er 
signifi cantly between treatments in the per-protocol 
population (table 3). No participant in either treatment 
group had recurrent clinical signs of yaws or serological 

C

A

D

B

5 cm

5 cm

Figure 2: Ulcers in patients with primary-stage or secondary-stage yaws who were re-examined 2 weeks 

after treatment

(A, B) Red, moist, bedded, 5 cm ulcer on the left leg of a 9-year-old patient with primary yaws. (C, D) Partially 

epithelialised tumour 2 weeks after treatment with azithromycin.

Azithromycin % 

(95% CI)

Benzathine 

benzylpenicillin % 

(95% CI)

Risk diff erence % 

(95% CI)

Primary population (PP) analysis (n=223)*

Primary endpoint: cure at 6 months 96·4% (91·0–98·6) 92·9% (86·7–96·4) –3·4% (–9·3 to 2·4)

Cure at 3 months 80·0% (71·6–86·4) 80·5% (72·3–86·8) 0·5% (9·9 to 10·9)

Serologically defi ned cure at 6 months 100% (96·5–100) 96·3% (90·3–98·8) –3·7% (–7·2 to –0·1)

Clinical cure of ulcers 14 days after treatment 96·4% (91·3–98·6) 96·5% (91·0–98·6) 0·1% (–4·8 to 5·0)

Secondary population (ITT) analysis (n=250)†

Primary endpoint: cure at 6 months 85·5% (78·2–90·6) 83·3% (75·9–88·8) –2·2% (–11·1 to 6·8)

Cure at 3 months 71·0% (62·5–78·2) 72·2% (63·4–79·7) 1·3% (–9·9 to 12·4)

Serologically defi ned cure at 6 months 88·3% (81·4–92·9) 86·1% (78·8–91·1) –2·3% (–10·7 to 6·1)

Clinical cure of ulcers 14 days after treatment 85·4% (78·2–90·6) 86·5% (79·5–91·4) 1·0% (–7·6 to 9·6)

PP=per protocol. ITT=intention to treat. *Including only patients with complete follow-up and study endpoint. 

†Including all randomised patients; we regarded patients with missing data as having treatment failure.

Table 2: Incidence of clinical endpoints

Azithromycin % 

(95% CI)

Benzathine 

benzylpenicillin % (95% CI)

Risk diff erence % 

(95% CI)

Cure at 6 months by yaws stage

Primary 90·9% (78·8–96·4) 89·1% (78·2–94·9) –1·8% (–13·7 to 10·0)

Secondary 100% (94·5–100) 96·6% (88·3–99·1) –3·4% (–8·1 to 1·2)

Cure at 6 months by RPR titre at treatment

≤1 in 32 100% (90·8–100) 92·9% (83·0–97·2) –7·1% (–13·9 to -0·4)

≥1 in 64 94·4% (86·6-97·8) 93·0% (83·3–97·2) –1·4% (–9·9 to 7·0)

Cure at 6 months by household exposure

Positive 100% (85·1–100) 100% (81·6–100) ··

Negative 95·5% (88·9–98·5) 92·0% (85·0–95·9) –3·5% (–10·3 to 3·4)

Data are for the per-protocol analysis. RPR=rapid plasma reagin.

Table 3: Subgroup analysis of the primary endpoint at 6 months



Articles

346 www.thelancet.com   Vol 379   January 28, 2012

evidence of recurrence during the 6-month follow-
up period.

Discussion
Our fi ndings show that azithromycin was non-inferior to 
benzathine benzylpenicillin for the primary composite 
endpoint of serological cure at 6 months and healing of 
ulcers. Furthermore, the two treatment groups had 
similar rates of cure at 3 month follow-up and in 
subgroups defi ned according to demographic and 
biological characteristics. These results add to previous 
evidence of the suitability of use of a single dose of a drug 
such as azithromycin to treat various infectious diseases 
(panel). Rates of serologically defi ned cure at 6 months 
were substantially higher than expected for both 
treatments, which validates our non-inferiority hypothesis 
for the estimated penicillin cure rate. All participants had 
a lower rapid plasmin reagin titre at 6 months than at 
3 months, including 150 (67%) patients who 
seroconverted. Additionally, we did not identify any 
clinical or serological relapse after cure at 6 month follow-
up. The azithromycin regimen did not resolve active 
primary lesions in four patients. However, in the three 
cases of failure that could be investigated, an 
immunoperoxidase stain from a skin biopsy specimen 
was negative for spirochaetes; therefore, we could not 
confi rm the biological treatment failure.

Azithromycin was well tolerated and no major adverse 
eff ects occurred. Of participants who were treated with 
azithromycin and interviewed, 8% reported mild to 
moderate side-eff ects that were mainly gastrointestinal. 
Only two children vomited within 30 min of oral 
azithromycin administration, thus negligible drug 
absorption would have occurred. These children were 
then re-treated with benzathine benzylpenicillin. The 
small number of participants vomiting after admin-
istration emphasises the suitability of azithromycin for 
mass treatment programmes.

Our study had several limitations. First, diagnostic 
criteria for inclusion in the study of primary lesions 
did not include a microbiological test (eg, darkfi eld 
microscopy); therefore, the non-healing ulcers could have 
had post-treatment infection by other pathogens. 
However, darkfi eld microscopy is rarely used to diagnose 
treponemal infections because rapid serological tests are 
available. Second, the imprecise defi nition of serological 
cure, which could lead to overestimations in true rates of 
cure, is a major issue aff ecting all research on the 
treatment of treponematoses. Because laboratory tech-
nicians in this study were unaware of participants’ 
treatment assignments, this drawback should not have 
biased the comparison of cure rates between the groups. 
Third, 6 months of follow-up might not be suffi  cient to 
assess the results after antibiotic treatment for yaws. Four 
participants in the benzathine benzylpenicillin group did 
not achieve serological cure. This fi nding could represent 
a slower than usual decline in non-treponemal test titres 

after treatment, rather than a true penicillin-resistant 
infection. Finally, because our trial design required 
patients to meet certain prespecifi ed criteria, and because 
the study was done in one centre, our fi ndings might not 
be generalisable to all children with yaws.

Two important reasons for caution with use of 
azithromycin are the sustained success of benzathine 
benzylpenicillin treatment for yaws, and the emergence 
of azithromycin-resistant T pallidum. Clinical treatment 
failure with penicillin has been reported for yaws,20 
although, because in-vitro culture for T pallidum has not 
been achieved,22 penicillin resistance has not been proven 
by microbiological methods. Moreover, in countries such 
as Papua New Guinea, cases of reinfection are occurring, 
which suggests increased tolerance of some T pallidum 
subsp pertenue strains to penicillin treatment.23 Azi-
thromycin resistance in the non-venereal treponemes 
has not been investigated, but resistance in the syphilis 
treponeme is geographically clustered—eg, more than 
95% resistance in Shanghai versus 0% in Madagascar.24,25 
In areas where mutations have been found (eg, Seattle, 
USA) the frequency of resistance has increased sub-
stantially in the past 10 years.26 Use of azithromycin in 
the Lihir Island community to treat other infections has 
been scarce, which might explain why we did not 
encounter a substantial problem with resistance in our 
study since there had been very little selective pressure. 
Nonetheless, T pallidum subsp pertenue, seems to have 
two of the genes encoding 23S ribosomal RNA where the 
mutation that confers high-level resistance to macrolides 
is located, as does T pallidum subsp pallidum.27 Thus, 
close monitoring for potential treatment failure should 
be considered in future studies of azithromycin.

With yaws re-emerging, treatment with an eff ective drug 
that can be easily administered on a large scale is the 

Panel: Research in context

Systematic review

We searched PubMed from Jan 1, 1952, to Aug 1, 2010, with 

the terms “yaws”, “Treponema pallidum”, “penicillin”, and 

“azithromycin”. We searched for trials that assessed the 

effi  cacy and safety of single-dose oral azithromycin to treat 

infectious diseases in adults and children. We identifi ed two 

randomised controlled trials,10,12 which showed the effi  cacy of 

oral azithromycin for the treatment of treponemal disease 

(syphilis) in adults. However, we did not identify any study 

that explored yaws treatment with azithromycin. We 

searched only publications written in English.

Interpretation

Our results provide substantial evidence of the non-inferiority 

of a single oral-dose of azithromycin compared with the 

standard recommended therapy—benzathine 

benzylpenicillin—for treatment of yaws. This fi nding 

represents a potentially useful advance in yaws control.
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preferred method for treatment, prevention, and, 
eventually, elimination worldwide. Elimination pro-
grammes need to take account of all epidemiological, 
biological, and pharmacological factors, and the practical 
considerations of a mass campaign to deliver and 
administer drugs in isolated and under-resourced 
communities. The potential for treatment of yaws with an 
oral, single-dose drug has been explored in this context. 
Azithromycin overcomes the major logistical and medical 
disadvantages of the present regimen: it avoids the need 
for injection equipment and medically trained personnel, 
which can be scarce in countries with few health resources; 
it prevents all the injection-related risks and side-eff ects; 
and it can be safely administered to individuals with 
penicillin allergy (1% in our trial population). Although we 
did not formally assess the relative costs related to drug 
acquisition and admin istration, low-cost generic prepar-
ations of azithromycin are widely available and the 
treatment could therefore be highly cost eff ective.

Our fi ndings provide clear evidence that one high dose 
of azithromycin is non-inferior to benzathine benzyl-
penicillin for treatment of yaws. If further studies 
confi rm our fi ndings (a similar trial is in progress in 
Ghana, West Africa (Kwakye-Maclean C, Ga West 
Municipal Heath Directorate, personal communication), 
the next step is to attempt elimination and possibly 
eradication of the disease in the remaining endemic 
countries with mass drug admin istration programmes 
under WHO’s leadership.
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New Treatment Schemes for Yaws: The Path
Toward Eradication

Oriol Mitjà,1,2 Russell Hays,1 Andrea C. Rinaldi,3 Robyn Mc Dermot,4 and Quique Bassat2
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5 University of Barcelona, Spain; 3Department of Biomedical Sciences, University of Cagliari, Monserrato, Italy; and 4Division of Health Sciences,

University of South Australia, Adelaide

Yaws—an infectious disease caused by Treponema

pallidum subsp. pertenue—is a paradigmatic example of

the neglected tropical disease and is reemerging as a

10 public health concern in many countries, causing suf-

fering particularly in children aged <15 years of age in

poor rural communities. However, its global eradica-

tion, a goal since 1950, may now be closer than ever as

a result of the recent expansion and simplification of

15 treatment options to include oral azithromycin. Indeed,

the results of a trial published last January [1] allow

certain optimism about the treatment and eradication

of this ancient disease because a simple single-dose oral

treatment targeting whole populations could be suffi-

20 cient to adequately cure the infection in its early stages

and interrupt transmission to others. A new eradication

policy around the azithromycin pillar was sketched at

a World Health Organization (WHO) consultation

meeting held in Morges, Switzerland, in March 2011Q2 . It

25 was envisaged that a last global mass campaign in the

remaining endemic countries should permit worldwide

eradication by 2020 in accordance with the WHO

Neglected Tropical Diseases Roadmap [2].

Yaws was one of the first diseases to be targeted for

30 eradication on a global scale. After a WHO-coordinated

worldwide control program reduced the number of

infections from 50 million in 1952 to 2.5 million in

1964, the disease reemerged in the 1970s when control

efforts lagged [3]. According to the most recent esti-

35mates reported by the WHO in 1995, >500 000

people, mostly children in poor rural areas, were af-

fected by the disease [4]. Some of the most important

endemic foci today are located in Africa (Ghana,

Congo, Cameroon) [5], Southeast Asia (Indonesia,

40Timor-Leste), and the Pacific islands (Papua New

Guinea, Solomon Islands, Vanuatu) [6], but figures Q3are

imprecise due to patchy surveying, especially in isolat-

ed districts and islands [7].

STANDARD ANTIBIOTIC TREATMENT

45The WHO yaws treatment guidelines date to the

1950s, and since then, no alternatives to penicillin for

first-line treatment have been introduced. Penicillin

was proven to be highly effective against yaws and

other treponemal diseases in 1948, and it revolution-

50ized the therapy of these infections. Tests on experi-

mentally infected animals and infected patients

showed that benzylpenicillin levels >0.03 units/mL of

serum maintained for at least 7 days were treponemi-

cidal [8]. These levels can be achieved either by giving

55repeated doses of short-acting benzylpenicillin prepa-

rations (ie, aqueous benzylpenicillin) or a single intra-

muscular injection of slowly absorbed, repository

benzylpenicillin preparations such as benzathine ben-

zylpenicillin or penicillin aluminium monostearate [9].

60Intramuscular benzathine benzylpenicillin was chosen

as the preferred treatment for yaws because of its

convenient pharmacokinetics and manufacturing

advantages. The WHO guidelines still recommend 1

intramuscular injection of long-acting benzathine ben-

65zylpenicillin at a dose of 1.2 MU for adults and 0.6

MU for children [7].
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Although it is generally recognized that treponematoses

have remained exquisitely sensitive to penicillin, there are

some reports of possible penicillin treatment failures in yaws.

70 In Papua New Guinea, apparent treatment failures were re-

ported in 11 of 39 (28%) cases on Karkar Island [10], and a

few penicillin treatment failures have also been observed in

Ecuador [11]. It can be difficult to distinguish between reinfec-

tion and relapse, and even if penicillin resistance may be a

75 true, albeit rare, event, these clinical failures have had minimal

impact on the elimination of the disease in different countries.

The development of penicillin resistance often involves the ac-

quisition of new genetic information and a multistep muta-

tional process with a probability of occurrence that is much

80 rarer than those of the single-point mutations that are respon-

sible for macrolide resistance [12].

On the other hand, the large-scale use of benzathine benzyl-

peniciilin for the eradication of yaws presents several opera-

tional obstacles. Experienced medical personnel and the

85 equipment needed to administer intramuscular injections are

often lacking in the areas most in need of treatment, and a risk

of transmitting bloodborne infections exists if sterile protocols

are not followed. Furthermore, benzathine benzylpenicillin re-

quires refrigeration [13], and this is difficult, if not impossible,

90 to achieve in many remote tropical areas [14]. Despite these

constraints, efforts to develop new strategies to make eradica-

tion easier have been scarce in the last 50 years. In 2007, the

International Task Force for Disease Eradication articulated

the obvious potential advantages of a single-dose oral drug for

95 yaws and highlighted the need for investigation [15].

REVIEW OF PAST ORAL TREATMENTS

Oral penicillin V for 10 days was used in rural Guyana and

successfully cured yaws in individual children and decreased

the prevalence in a community [16]; however, such a regimen

100requiring the administration of multiple oral doses over a

number of days has a potential compliance problem and is

not suitable as an epidemiological treatment to be employed

in eradication campaigns targeting vast areas. There is little

information on the use of drugs other than penicillin to treat

105yaws (see Table 1). Oral tetracycline, doxycycline, or erythro-

mycin for 15 days are also likely to be effective [17–20]. These

recommendations, however, are based solely upon known clin-

ical efficacy in small series of patients and not upon the

results of any clinical trials. The dosing schedule and duration

110of tetracyclines and erythromycin again raise the possibility of

missed doses and unfinished courses of therapy. Furthermore,

the use of tetracyclines in children aged <8 years (in whom

many cases of yaws occur) is currently not recommended

because of their association with dental staining and interfer-

115ence with bone growth [21].

NEW ORAL TREATMENT

The azalide structure of azithromycin confers a much im-

proved pharmacokinetic profile in comparison with erythro-

mycin. Its unique features—including in vivo activity against

120T. pallidum and high concentrations in tissues relative to

serum, resulting in prolonged tissue half-lives—make it an ex-

cellent candidate for an oral shortened course therapy for

yaws. The oral bioavailability of azithromycin is high (approx-

imately 37%), and tissue concentrations exceed serum concen-

125trations by as much as 100-fold following a single oral dose

[22], with high concentrations found in skin and bones, the

principal target tissues for yaws. Pharmacokinetic data from

clinical studies show that a single 30-mg/kg dose of azithro-

mycin provides drug exposure that is equivalent to at least a

1305-day regimen [22]. Both regimens maintain azithromycin

Table 1. Review Q16of Past Oral Treatments and the New Oral Treatment for Yaws

Oral Treatments

(year) Dosage Usual Indication of Treatment Scientific Evidence of Efficacy

Phenoxy-
methylpenicillin
(2003)

7–10 d; 12.5 mg/kg q6h
(maximum dose, 300
mg q6h Q13)

Tested for oral delivery in
mass campaign

Prevalence of clinical yaws lesions fell from 5.1% to
1.6% 1 year after a treatment campaign in rural
Guyana [16]

Tetracyclines (1951) 15 d; tetracycline 500 mg
q6h or doxycycline 100
mg q12h

Alternative agents for the
treatment of yaws in
nonpregnant adults [3]

Efficacy is not well documented. Their use is based
upon small series of yaws patients treated with
tetracycline derivatives (aureomycin, terramycin,
or oxytetracycline) in Africa [17], Haiti [18],
and Jamaica [19]

Erythromycin (1963) 15 d; 8–10 mg/kg q6h Alternative for treating yaws in
penicillin-allergic children
aged <12 y [3]

Based upon the known clinical efficacy of erythromycin
for patients with venereal syphilis [20]

Azithromycin (2012) Single-dose; 30 mg/kg
(maximum dose 2 g)

New first-line oral treatment
for yaws

It has been shown to be noninferior to benzathine
benzylpenicillin for the treatment of yaws in children
in Papua New Guinea [1]
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levels in tissue sites of infection above the minimum inhibito-

ry concentration of treponemes for several days after adminis-

tration has ceased.

In January 2012, an open-label, noninferiority, randomized

135 trial conducted on Lihir Island in Papua New Guinea involv-

ing 250 children aged 6 months–15 years with yaws showed

that patients treated with oral azithromycin were cured as well

as those receiving an intramuscular injection of benzathine

benzylpenicillin (96% vs 93%). Oral azithromycin thus met

140 the prespecified criteria for noninferiority. A similar trial is in

progress in Ghana, and preliminary observations show results

in line with those found in Papua New Guinea (C. Kwakye-

Maclean, Ga West Municipal Health Directorate, personal

communication). In a review published by Meheus and col-

145 leagues in 2010 [23], azithromycin was hinted at as a potential

treatment for sporadic cases, but more important, it may rep-

resent a suitable tool for deployment in mass treatment cam-

paigns aimed at the global eradication of this disease.

A NEW ERADICATION STRATEGY BASED

150 ON LESSONS LEARNED FROM THE PAST

The biological features of yaws and the diagnostic and treatment

tools currently available to combat it make yaws a potentially

eradicable disease. First, humans are the sole reservoir, and in-

fection spreads only through close body contact, which would

155 allow some mitigation of the disease incidence simply through

public health education. In addition, there are practical diagnos-

tic tools (ie, rapid serological tests) with high sensitivity and spe-

cificity to detect levels of infection that can lead to transmission.

Finally, the new simple pharmacological intervention based on

160 azithromycin can facilitate mass treatment.

Simply moving from penicillin to azithromycin as a thera-

peutic tool, however, is unlikely to be sufficient to interrupt

transmission of yaws. For each case of yaws detected, there

might be 5–10 subclinical cases (seropositive patients without

165 clinical manifestations) [3] that may give rise to infectious re-

lapses for some years. These must also be treated in order to

eliminate the reservoir of infection. Problems and systematic

failures, which compromised the completion of eradication

programs in the 1950s, must be acknowledged and addressed

170 if future campaigns are to be successful [24].

The treatment policies of the 1950s (see Table 2) were

based on the prevalence of clinically active yaws in the com-

munity, which required purposeful and costly surveys and

often focused on the treatment of active cases and contacts. In

175 addition to the logistical problems of administering injectable

antibiotics in mass treatment, the imprecise definition of “con-

tacts” [24] and the limitations of the juvenile and selective

mass treatment strategies in dealing with latent cases required

multiple visits to endemic communities to identify and treat

180new cases. Most of the active cases found at resurveys were in

persons who were in the latent stage originally [25]. This

placed a burden upon health services, which were often in

areas poorly resourced and under stress in the first place. Un-

derstandably, once the prevalence of yaws fell to a low level,

185active surveillance was discontinued because it was no longer

considered cost effective, thus allowing subclinical infections

to spread the disease again.

The new strategy based on azithromycin, which was out-

lined at the WHO consultation in Morges in March 2012 Q4,

190aims to be more proactive in order to deal with all potential

contacts and latent cases. In view of the ease of administering

oral treatment, the new policy employs an initial total commu-

nity treatment (TCT) in endemic communities, irrespective of

the prevalence of yaws (Table 3). Also, to make sure all cases

195are tracked down and treated, village volunteers (community

drug distributors) could play a role in achieving greater cover-

age (follow-up with missed cases during TCT), and strict

follow-up measures, with resurveys/retreatment conducted

every 3–6 months, are recommended until 0 case prevalence is

200reached [26]. By this approach, if the coverage of mass treat-

ment is excellent (>90%) and local health services remain

robust and engaged in dealing with cases and contacts in-

between services, a few cycles of treatment should interrupt

transmission [26].

205Once criteria for stopping mass treatment (ie, 0 cases re-

ported) have been met, young children (aged <5 years) should

be tested annually for serology. Elimination in an endemic

country would be certified in the absence of any report of the

disease for 3 consecutive years and continuous negative sero-

210logical tests in children aged <5 years, confirming no further

exposure to the infection in the community.

Community-based mass administration of azithromycin has

been widely used in many locations for the control of tracho-

ma [27], which, like yaws, is a disease common in poor

215rural communities in developing countries, and has been used

in a more limited way to control granuloma inguinale

Table 2. Old World Health Organization Treatment Policies for

Yaws Based on Benzathine Penicillin (1950s)

Prevalence of Clinically Active

Yaws in the Community Recommended Treatment

High: >10% (hyperendemic) Benzathine penicillin to the entire
population (total mass treatment)

Medium: 5%–10%
(mesoendemic)

Treat all active cases, all children
aged <15 y and obvious
contacts of the infectious cases
( juvenile mass treatment)

Low: <5% (hypoendemic) Treat all active cases and all
household and other obvious
contacts (selective mass
treatment)

New Treatment for Yaws • CID • 3



(donovanosis) [28] and outbreaks of venereal syphilis [29].

The use of azithromycin has generally been found to be safe,

and there have even been unexpected health benefits reported

220 in some trachoma control programs, such as reduction of all-

cause mortality by 50% in children aged 1–5 years in a study

in Ethiopia [30] and a significant reduction in prevalence of

impetigo and diarrhea among treated children in Nepal [31].

We could find no studies that looked at the impact of tracho-

225 ma control programs using azithromycin on the incidence of

yaws or positive treponemal serology. This may partly reflect

the fact that the 2 diseases are most prevalent in different cli-

matic or geographical regions.

Biological evidence that selective pressure can engender resis-

230 tant strains, as has occurred with the causative agent of syphilis,

T. p. pallidum, in a number of sexual networks in developed

countries, serves as a note of caution about the use of azithro-

mycin. Background macrolide use for unrelated infections

(mainly respiratory) is thought to have contributed significantly

235 to the rise of T. pallidum strains with increased resistance. Inter-

estingly, clinical treatment failure with macrolides appeared to

be uncommon in trials in Uganda [32] and Tanzania [33], and

no laboratory evidence of resistance to azithromycin in speci-

mens from 141 patients with syphilitic lesions was found in

240 Madagascar [34]. There is little likelihood therefore that resis-

tance will emerge in resource-poor communities where azithro-

mycin has not been used in the past and where yaws typically

occurs [35]. However, the recognition of this possibility dictates

that measures be taken to ensure the sustainability of the strat-

245 egy, including tracking misuse or diversion of the antibiotic for

other purposes. Emergence of resistance in T. p. pertenue should

ideally be prospectively evaluated in the communities where azi-

thromycin is deployed. This will represent a challenge in itself

because molecular typing techniques (ie, 23S ribosomal RNA

250 amplification) needed to identify mutations in patients who fail

therapy are not readily available in most developing countries.

Finally, treatment failure should be monitored, and in cases of

treatment failure, patients should be switched to a different

antibiotic.

255The potential effect of mass treatment with azithromycin

on resistance in Streptococcus pneumoniae may impact the

management of acute respiratory infections in children. This

phenomenon has been extensively evaluated after mass treat-

ment campaigns to control trachoma, and the results have

260been reassuring. Some surveillance studies have demonstrated

short-term and not persistent changes in susceptibility pat-

terns in the nasopharyngeal carriage of children [36–38], and

the largest surveillance study done to date in a hyperendemic

trachoma region did not show an effect of mass treatment

265with azithromycin on the prevalence of antibiotic-resistant

S. pneumoniae [39].

PROOF OF PRINCIPLE OF MASS TREATMENT

WITH AZITHROMYCIN

A way to secure that the new eradication strategy is both

270doable and effective is to have a proof of principle that would

provide accurate information for introducing necessary correc-

tive measures. To this end, the WHO is developing standard

operating guidelines for pilot studies to assess the impact of

mass treatment of yaws using azithromycin in limited geo-

275graphical areas.

This later phase 3 clinical development should involve

larger numbers of patients—including adults, for whom effica-

cy has not yet been proven—to show convincing, statistically

significant evidence of effectiveness in eradicating yaws. The

280minimum set of essential indicators required for assessing

trends in yaws eradication includes clinical signs of the

disease, serological prevalence in children, and mass treatment

coverage, which are all recommended to be measured in senti-

nel sites randomly chosen from high endemic areas.

Table 3. Q14New World Health Organization Treatment Policies for Yaws Based on Azithromycin (2012)

Component 1: mapping Review of existing information and implementation of mapping surveys in districts with limited information (ie,
baseline population screening for clinical lesions with confirmatory serology)

Component 2: treatment
policies

First round Total community treatment (TCT):
Initially treat the entire endemic community irrespective of the prevalence
of active clinical cases (at least 1 case).

Subsequent rounds Resurvey/retreatment every 3–6 mo until clinical 0 case
prevalence

Total targeted treatment: treat all active clinical cases, and
their contacts (household, classmates, and playmates)

Repeated TCT if coverage in the initial TCT was <90% or
access to the endemic communities is difficult

Component 3: health
system

Diagnosis and treatment of patients presenting to healthcare (passive case finding)
Also active case finding (eg, by village volunteers)
Tracing and treatment of contacts

Component 4 Health promotion and
community mobilization

4 • CID • Mitjà et al



285 Serological prevalence surveys of young children aged <5 years

will exclude ongoing transmission (risking that, if tested in the

first years, some may have had a period of exposure to trans-

mission). Alternatively, negative nontreponemal tests in those

aged <15 years would detect falling serology in treated cases.

290 COADMINISTRATION WITH OTHER MDAsQ5

FOR NEGLECTED TROPICAL DISEASES

As a future possibility, national yaws programs may explore

synergistic collaboration with other neglected tropical diseases

control programs to enhance efficiency and allow better use of

295 limited resources. Available evidence already exists supporting

the safety and efficacy of the combination of the commonly

used antihelminthic drugs and azithromycin, with no signifi-

cant pharmacokinetic interactions [40]. However, at this stage,

integration of azithromycin for yaws eradication with other

300 MDAsQ6 in areas of geographical overlap is not recommended

until enough experience has been gathered.

The suitability of coadministering azithromycin with iver-

mectin and albendazole was evaluated in a crossover study in

18 healthy volunteers. The authors concluded that the magni-

305 tude of interactions were minimal (modest increases in iver-

mectin parameters) and unlikely to be clinically relevant [41].

A further pharmacokinetic model analysis showed that the

maximum ivermectin exposures that might be observed

during coadministration with azithromycin were below those

310 previously shown to be safe and well tolerated [42]. These

analyses called for further pharmacovigilance studies, which

are currently in progress.

Regarding the interaction between diethylcarbamazine and

azithromycin or other macrolides, there have been no pharma-

315 cokinetic studies published so far; however, available informa-

tion on the kinetics of each drug suggests that interactions

may be minimal and have little clinical relevance. Diethylcar-

bamazine is only minimally metabolized and is eliminated

largely unchanged in the urine [43], whereas azithromycin is

320eliminated to a major extent through the biliary tract and in-

testinal lumen [44]. Additionally, azithromycin binds little to

plasma proteins (7%–52%), making a possible interaction at

this level unlikely.

THE POSSIBILITY OF GLOBAL ERADICATION

325The real prospect of yaws eradication is highlighted by recent

experiences in India [45]. Between 1996 and 2003, India under-

took a successful campaign employing the conventional strategy

of selective treatment with injected penicillin (Figure 1 Q7). Since

2004, no infectious cases have been reported. The success in

330India was clearly due to an excellent and tenacious system for

clinical and serological surveillance during and after completion

of the program. However, all countries may not have the politi-

cal commitment and efficient social mobilization of India to

deal with only a few yaws cases over a period of 7 years. The

335high-coverage (95%) treatment of the entire population, as was

witnessed in a yaws eradication campaign in Nsukka, Nigeria,

Figure 1. Outcome of yaws elimination programs in India and Nigeria.

The India campaign (started 1996) employed the strategy of selective

mass treatment with injected penicillin in an at-risk population of 7

million. The campaign in Enugu Ezike, Nigeria (started 1954) employed

the strategy of total mass treatment in an at-risk population of 57 000.

Q12

Table 4. Assessment of Cost of Treatment for Yaws at a Peripheral Center in Papua New Guinea

Aged <5 y Aged >14 y

Injection Penicillina Azithromycin Injection Penicillina Azithromycin

Drug 0.18 (0.6 MU)b 0.27 (500 mg) 0.73 (2.4 MU) 1.10 (2 g)

Water for injection 0.12 … 0.12 …

Syringe and needle 0.30 … 0.30 …

Alcohol swab 0.05 … 0.05 …

TOTAL 0.65 0.27 1.20 1.10

All costs are given in US dollars. Source: Papua New Guinea Medical/Dental Catalogue 2012, Department of Health.
a Costs can not be calculated for proper system for disposing needles, time required to prepare and give the injection, pain on the part of the patient, risk of

injection abscess, and volume and weight of drug and all the accompanying materials. Q15

b Calculation based on the use of a single drug vial (2.4 MUI) for multiple patients.
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in the 1950s, resulted in a fast geometric reduction of preva-

lence within 6–12 months [26]. An initial TCT, even in low-

prevalence-level communities, seems to be the most rapid and

340 economic way to achieve yaws eradication.

Needless to say, issues related to political commitment and

costs will be critical. Azithromycin, like benzathine benzylpe-

nicillin, is included in the WHO essential drugs list and is

available internationally in generic forms. In Papua New

345 Guinea, for example, there is no drug price regulatory system;

therefore price variability across different pharmaceutical sup-

pliers is considerable. However, the costs related to drug ac-

quisition and administration of low-cost generic preparations

of azithromycin are highly competitive and may be lower than

350 those of the classic treatment for yaws (see Table 4). On the

other hand, given the large number of people to be treated, a

donation program would be an essential ingredient of the new

eradication effort.

CONCLUSIONS

355 The strategy for yaws eradication in 1952 called for the screen-

ing of patients for clinical disease and their treatment with

penicillin. Despite its undisputable success in greatly reducing

the number of cases worldwide, the program had 2 glaring

deficiencies. First, the strategy had not been validated in pilot

360 studies. Second, for the first 10 years of its history, there was

no surveillance, so it was not clear what was actually happen-

ing beneath the visible surface [24, 25]. When sample serologi-

cal surveys were eventually conducted, it was discovered that

subclinical infections were far more prevalent than had been

365 recognized. The campaign had largely failed in identifying

contacts of those infected and those with latent infections, and

surveillance had been discontinued prematurely, allowing sub-

clinical infections to spread the disease again.

Eradication of yaws is now considered biologically feasible,

370 programmatically attainable, and economically affordable. The

strategy currently suggested to rid the world of yaws once and

forever is total community treatment with oral azithromycin

followed by resurveys and repeated total or targeted treatments

as required. The new strategy should be validated first in proof-

375 of-principle studies, including appropriate clinical and serologi-

cal surveys, so we can determine the impact on both clinical

and subclinical infections in the treated population, and

T. pertenue macrolide resistance monitoring should be conduct-

ed to ensure sustainability of the strategy.Q8 If successful, this

380 strategy will be an effective, logistically feasible, safe, and accept-

able protocol for global eradication of this neglected disease.
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Abstract

Background: Annual mass drug administration (MDA) over five years is the WHO’s recommended strategy to eliminate
lymphatic filariasis (LF). Some experts, however, consider that longer periods of treatment might be necessary in certain
high prevalence and transmission environments based upon past unsuccessful field experience and modelling.

Methodology/Principal Findings: To evaluate predictors of success in a LF control program we conducted an ecological
study during a pre-existing MDA program. We studied 27 villages in Lihir Island, Papua New Guinea, from two areas with
different infection rates before MDA. We undertook surveys to collect information on variables potentially having an
influence on the outcome of the program, including epidemiological (baseline prevalence of infection, immigration rate),
entomological (vector density) and operational (treatment coverage, vector control strategies) variables. The success in a
village was defined using variables related to the infection (circulating filarial antigenemia prevalence ,1%) and
transmission (antigenemia prevalence ,1 in 1000 children born since start of MDA). 8709 people were involved in the MDA
program and average coverage rates were around 70%. The overall prevalence of filariasis fell from an initial 17.91% to
3.76% at round 5 (p,0.001). Viewed on a village by village basis, 12/27 (44%) villages achieved success. In multivariate
analysis, low baseline prevalence was the only factor predicting both success in reducing infection rates (OR 19,26; CI 95%
1,12 to 331,82) and success in preventing new infections (OR 27,44; CI 95% 1,05 to 719,6). Low vector density and the use of
an optimal vector control strategy were also associated with success in reducing infection rates, but this did not reach
statistical significance.

Conclusions/Significance: Our results provide the data that supports the recommendation that high endemic areas may
require longer duration MDA programs, or alternative control strategies.
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Introduction

Lymphatic filariasis (LF), caused by the mosquito-borne

nematode Wuchereria Bancrofti, is a major public-health problem

in many tropical and subtropical regions. Papua New Guinea

represents the biggest remaining challenge for elimination of the

disease. The Global Program to Eliminate Lymphatic Filariasis

(GPELF) was launched in 1997. In the Pacific, the World Health

Organization (WHO) has implemented from 1999, the Pacific

Program to Eliminate Lymphatic Filariasis (PacELF) bringing

together 22 countries and territories, in a common effort to

eliminate the disease [1,2]. The PacELF strategy is based on five

rounds of mass drug administration (MDA), monitored by a

prevalence survey to assess the impact at completion of the last

round [3,4]. Therefore, the assessment is designed to conclude

whether to stop or to continue MDA after round 5. The rationale

of this approach is to suppress microfilaremia (mf) in infected

populations and bring the infection level down below a threshold

that will prevent resurgence of infection and ultimately lead to

interruption of transmission [5].

The exact infection level to achieve LF elimination in different

endemic regions remains unknown, such that it is difficult to

predict or decide when to stop ongoing MDA programs. Previous

reports have suggested that residual filarial infections disappear

when prevalence rates fall to less than 1% but it may vary

depending on specific ecological conditions [6,7]. Moreover, some

programs which have achieved this threshold have reported

evidence of ongoing transmission, as measured by antibody or

antigen prevalence in children aged 2–4 years and mosquito

infection rates [8,9]. The current recommendation of the PacELF

is that programs should reach an antigenemia level below 1% and

that less than 1 in 1000 children born since start of MDA should
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become newly infected [1,2]. End-points for the GPELF have

recently been changed to a level below 2% in areas where the

main vector is an anopheline [4].The optimal duration of MDA

programs has also not been established. Mathematical models

suggest that 4 to 6 years of treatment should be sufficient [10].

However, several programs have reported evidence of failure to

control the infection, as indicated by mf and circulating filarial

antigenemia prevalence rates after completing five annual rounds

of MDA [11–14].

Numerous attempts have been made to establish which

variables may influence the outcome of a program. Some

variables, such as the coverage of the target population

[9,15,16], the drug regimen employed [5,17–20], and the

integration of vector control measures [21–23], are controllable.

Other biological and epidemiological variables, such as the initial

prevalence of mf in an area and the vectorial abundance of the

mosquito, are less amenable to modification. All the above

mentioned factors need to be taken into consideration when

developing an elimination strategy [24].

The aim of this study was to estimate success rates of the

program to eliminate lymphatic filariasis (PELF) in villages from

different areas and to identify determinants of success affecting a

PELF’s outcome.

Methods

Data for this ecological study were collected at a community-

level during the delivery of an MDA program in villages of Lihir

Island, Papua New Guinea. The program was closely monitored

epidemiologically, entomologically, and through laboratory studies

as outlined below. Together with drug administration we

undertook different types of surveys including village surveys to

collect information about variables potentially having an influence

on the outcome of the program; circulating filarial antigenemia

(CFA) prevalence surveys to assess the infection status and new

infections since start of MDA; and mosquito surveys to determine

mosquito abundance. CFA prevalence of the entire population

was reassessed once after round 5.

The surveys were administered to the entire population of 27

villages in two regions of Lihir Island that had different infection

prevalence rates before MDA was initiated. The study villages are

only separated by between 1 and 3 kilometres from each other,

however they constitute independent transmission zones as the

vector species, Anopheles farauti, is generally considered incapable of

flying more than 700 metres [25]. Many residents had been

previously treated with diethylcarbamazine citrate (DEC) alone in

1995 during a campaign started by the New Ireland provincial

government which continued for a short time [25]. However, ten

out of twelve villages located in the swampy regions of the west

coast recorded prevalence levels of filariasis as high as 20–60% in

2003. The other study villages on the dry savannah grassland of

the north-east had rates 3–7 times lower than those in the west. In

addition, the eastern area of the island in the vicinity of Londolovit

has been host to a mining operation by LGL Australia since 1996.

This has seen the influx of approximately 2000 workers from other

areas of PNG and internationally, and a considerable unofficial

migrant population from surrounding regions. There has been a

degree of local development in the mine affected area.

Field teams consisting of a physician, a technician, and a local

health worker visited the villages at spot check sites, annually. Prior

to each visit, efforts were made to educate the public to the

program’s aims through health educators who disseminated

information about LF at community meetings and through public

notices, in cooperation with church and village leaders. MDA

comprised the WHO-recommended regimen of a single oral dose

of DEC (6 mg/kg body weight) and albendazole (400 mg

regardless of weight) under direct observation. Simultaneously

the teams collected the blood samples and recorded on a register

epidemiological data and coverage information. Some people

agreed to receive MDA but refused to provide blood samples. The

observed coverage rates were based on the number of subjects seen

to ingest the tablets and calculated on the basis of the total eligible

population. However, a coverage survey was not carried out to

verify the coverage achieved. The global programme uses

coverage data reported by surveys, while PacELF uses data from

registers [1]. The source of data chosen to calculate the total

population was the local census carried out among all island

villagers annually. We classified as high drug coverage rate all

villages where the percentage of treated population was estimated

at more than 70%. Migration from other areas was considered to

be low when it involved less than 5% of the village population.

Circulating filarial antigenemia (CFA) was assessed with a rapid-

format antigen card test (Filariasis Now, Binax Inc., Portland,

Maine, USA) together with the first and after fifth round of MDA.

While microfilaremia is the gold standard for monitoring filarial

infection, PacELF guidelines are based on the use of the antigen

test in a community-wide survey [1], as this is a simple card test

with a high reported sensitivity (98.5%) and specificity (100%)

[26,27], and provides the additional advantage of allowing

daytime blood sampling. We defined the prevalence rate of CFA

as the number of people with a positive antigen test divided by the

number of people tested. A low endemicity was defined as a CFA

positivity rate in the population of less than 10%.

Mosquitoes were collected to assess the vector biting activity

before the first round of MDA (January 2003). Indoor human

landing catches of the vector mosquito, Anopheles farauti [25], were

conducted from sunset to sunrise (18:30–06:30 h). With the help of

a simple aspirator mosquitoes were caught when they landed on a

human volunteer for taking a blood meal. A monthly biting rate

(MBR) was computed by multiplying the number of mosquitoes

contacting a man per 24 hours with the number of days in the

month. Vector density was considered to be low when the MBR

was under 100 bites/person/month.

A supplementary vector control strategy involving anti-mosqui-

to measures was put in place. Source reduction of potential

Author Summary

Large-scale intervention programmes to control filariasis
are currently underway worldwide. However, a major
unresolved question remains: what is the appropriate
duration for these programmes? Recent theoretical work
and clinical field experience has highlighted how the
ecological diversity between different endemic regions
hinders decision making processes of when to stop
ongoing MDA programs. The goal of our study was to
identify the factors determining success for a five year LF
elimination program. We undertook different types of
surveys together with a pre-existing MDA program in
villages from two regions that had different infection
prevalence rates. Our study shows that the five yearly
cycles of MDA could neither eliminate the disease nor stop
transmission in the high prevalence villages, such that low
baseline lymphatic filariasis prevalence has a positive
influence on the outcome of a program. Thus, the study
provides data supporting the recommendation that in
certain high prevalence and transmission environments
more sustained efforts may be necessary.

Impact of a Filariasis Control Program
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breeding sites in the vicinity of villages, and community-wide

distribution of long-lasting insecticide-treated netting materials

(LLITNs) were promoted in the entire island. However, indoor

spraying of residual pyrethroids was used only in certain villages

located in the vicinity of the Lihir Gold mine. We defined an

optimal vector control strategy as one where all of these anti-

mosquito tools were employed. Our study did not assess

compliance in the use of bed nets, nor assess the effectiveness of

local mosquito control measures.

The success of the program in a village was defined using

variables related to the infection (reaching antigenemia level below

1%) and transmission (less than 1 in 1000 children born in the

community since start of MDA having infection measured by

antigenemia).

Statistical analysis
Data entry was undertaken with EpiInfo software (version 6),

with field limits and double data entry. We analysed demographic

data (age and sex), migration from other areas, the initial

endemicity of infection (prevalence rate), the vector abundance,

treatment coverage (number of tablets distributed), the use of

adjuvant vector control strategies and the outcome of the

elimination program. Univariate analyses of data from the villages

were performed using the x2 test for categorical data, and the t-test

or Mann–Whitney U-test for continuous data. Predictors for

success of PELF in controlling the infection prevalence were

analysed by multivariate logistic regression, which included the

following variables: low baseline prevalence, low migration, low

vector density, high treatment coverage, and optimal vector

control strategy. Predictors of success in stopping the transmission

were also analysed by logistic regression analysis, which included

the variables: average age ,20 years, low endemicity of infection,

low vector density and high treatment coverage. Odds ratios and

95% confidence intervals are presented. All multivariate logistic

analyses were done using Firth’s method to overcome problems of

separation in small samples [28]. Data were analysed using SAS

9.1.3 (SAS Institute Inc., Cary, NC, USA) and SPSS 14.0 (SPSS

Inc., Chicago, IL, USA).

Reporting of the study has been verified in accordance with the

STROBE checklist (provided as Checklist S1).

Ethical clearance
Ethics approval for this study, including the oral consent

process, was obtained from the Papua New Guinea Ministry of

Health Medical Research Advisory Committee. The consent

sought was verbal because of the high illiteracy rate in rural

population, and it was documented on case report forms. Study

personnel informed prospective study participants about the study

by reading them a consent document in the local language. All

subjects provided informed consent at every stage of the study

including for collection of samples, interviews, and individuals

involved in calculating monthly bite rates. Participation by

children required consent from at least one parent and the child’s

assent.

Results

The annual census in the year 2003 estimated that 8709 people

lived in the 27 villages which were part of the study and that were

visited and treated annually over a period of 5 years. At the

baseline survey, a total of 6037 individuals were registered

corresponding to 70.0% of the entire population (as determined

by the 2003 census). 50% of the villagers were male, and the mean

age was 20.6 years. Reported coverage in 2004–2007 for MDAs

2–5 was 69.8%, 73.0%, 74.1% and 71.5% respectively. Drug

coverage remained stable over time and it was similar in all the

territories, with an average of 72,9% in eastern coast villages and

67,4% in western coast villages (p = 0.35). The reason why 26% to

30% of the target population were not treated is that they were not

available at the time of the medical team visit (i.e. working, visiting

relatives) or that they were ineligible persons (3.0% to 6.0% of the

de facto population), including pregnant women and children

younger than 2 years old or of weight less than 10 kg.

The demographic and epidemiological data and program

operational details of the 27 villages are shown in Figure 1.

Almost half (44,4%) of the villages had migration rate over 5% of

the total population, 12 (80.0%) of them were villages from the

eastern coast. The migrants mainly came from low endemic areas

for filariasis such as the PNG mainland, and from the small islands

surrounding Lihir. The details of treatment coverage were

recorded during all the five rounds of treatment and the average

calculated. Individually, 55.6% of the villages had a high drug

coverage, including 60,0% (9/15) in the eastern coast group and

50,0% (6/12) in the western coast group.

Mosquito transmission indices varied significantly in different

villages. The highest indices of transmission were observed in

villages located in the swampier regions of the west coast with a

MBR median (interquartile range) of 460.8 (1812.6) bites/person/

month, compared to 57.6 (180.0) in the east coast. These data

indicate that there is regional micro-variation in the intensity and

temporal pattern of filariasis transmission. It is noteworthy that

only nine villages (33.0%) used indoor residual spraying and

therefore achieved an optimal vector control strategy.

Table 1 shows data for filarial infection rates before and after

the PELF. Overall, all variables showed significant decreases from

pre-MDA to round 5 (p,0.001). The analysis of data from all

villages shows a significant decrease in circulating filarial

antigenemia (CFA) over this period from a mean prevalence of

17.9% to 3.8% (p,0.001). Pre-MDA CFA prevalence rates were

much higher in the Western than in the Eastern territories. The

mean prevalence of infection was 7.7% and 0.8% in eastern

villages, and 30.7% and 7,5% in western villages in the pre-MDA

and at completion of round 5, respectively (table 1). Pre-MDA

antigenemia prevalence rates in children under 5 years were not

significantly different in the western village schools and in the

eastern village schools (60.1 vs 31.0 in 1000; p = 0.10). Rates of

circulating filarial antigenemia in under 5 y.o. children fell more

rapidly in the less heavily infected eastern villages than in the

western villages (30.0 vs 0.95 in 1000; p,0.01). Twenty-one

children with a positive result out of 700 tested were identified in

the Western villages after round 5.

As shown in figure 2, the CFA prevalence in individual villages

ranged from 1.1% to 58% and 0 to 17%, in the pre-MDA and

post-MDA surveys respectively. PELF had a successful outcome

on infection prevalence control in 12 of the 27 villages (44.4%),

whereas it failed in the remaining 15 (55.5%). Transmission,

assessed on the incidence of new infections, was successfully

controlled in 19 (70,3%) villages. On univariate analysis (table 2),

numerous factors were found to be significantly associated with

PELF success on the control of infection status including low

baseline prevalence, low vector abundance, and implementation of

an optimal vectorial control. A low percentage of migration,

unexpectedly, was found to be a risk factor. On multivariate

analysis (table 2), the only independent factor predicting PELF

infection control success was low endemicity of infection (OR

19.26; CI 95% 1.12–331.82). Table 3 shows the univariate and

multivariate predictors associated with transmission control

success. Low endemicity of infection (OR 27.44; CI 95% 1.05–

Impact of a Filariasis Control Program
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719.6) was again the only factor independently associated with

transmission control success.

Discussion

In the present study the overall prevalence of circulating filarial

antigenemia was reduced by 79.0%. Despite undeniable success,

the program did not achieve its very ambitious goals based on the

PacELF recommendations, with post treatment prevalence

remaining at 3.8% and 14 new infections per 1000 children born

since start of MDA. This overall failure was the result of the

intervention specifically failing in some villages. Understanding

what factors lead to success or failure when the intervention is

applied to a specific setting may help improve the MDA program.

Our findings reveal that in Lihir, the baseline infection status was

an important factor influencing on the outcome of the PELF. Our

discussion will focus on possible explanations for this observation

and the influence of other factors on the outcome.

The first objective of our study was to test the hypothesis that

bancroftian filariasis can be eliminated from communities by

yearly cycles of MDA with diethylcarbamazine and albendazole.

Over all, success in controlling the infection and in stopping

transmission was confirmed in 45% and 70% of the villages,

respectively, most of them located in the eastern coast. The eastern

coast villages had low baseline levels of filariasis endemicity,

whereas the western coast villages had very high baseline rates that

were more typical of filariasis endemic islands in the Western

Pacific Region [2]. Our data suggest that five rounds of MDA will

not have eliminated filariasis in the western study area. However

the observed post-treatment antigen prevalence rates are unlikely

to sustain transmission as the vector-parasite relationship in Lihir

is extremely fragile involving the An. Farauti which is one of the

least efficient vectors in the world. The cut-off point for

interruption of transmission in the PacELF region was based on

the fact that transmission in most of the Pacific island countries is

carried out by the highly efficient Culex and Aedes mosquitoes.

The second major objective of our study was to evaluate the

factors having a positive influence on the markers of success. In

our study the most prominent determinant of success was low

baseline prevalence of infection. Low vector density appeared to

have an association but did not reach statistical significance. The

sample size, as it is based on the number of villages, is

unfortunately low and may have caused the study to be

underpowered when trying to determine the significance of this

Figure 1. Baseline epidemiological, infection status and entomological data and program coverage details of 27 villages, Lihir
Island.
doi:10.1371/journal.pntd.0001286.g001

Table 1. Effect of MDA on circulating filarial antigenemia prevalence rates on Lihir Island.

Infection prevalence Ongoing transmission (new infections detected)

Number of

people tested

Antigenemia prevalence

ratea (%[SD])

Number of

children tested

Positive Antigenemia in

1000 childrenb (%[SD])

East coast study area

Pre-MDA 3009 7.67 (8.77) 537 30.98 (49.19)

MDA round 5 3799 0.76 (0.92) 1006 0.96 (3.68)

West coast study area

Pre-MDA 1969 30.71 (15.87) 462 60.14 (37.36)

MDA round 5 2464 7.51 (3.77) 700 30.00 (29.96)

Total

Pre-MDA 4978 17.91 (16.86) 999 43.94 (45.95)

MDA round 5 6263 3.76 (4.26) 1706 13.86 (24.57)

aAntigenemia prevalence rate in a large size sample from the whole treated population. Some people agreed to receive MDA but refused to provide blood samples.
bAntigenemia prevalence rate in children under 5 years old which represents new infections since start of MDA.
doi:10.1371/journal.pntd.0001286.t001
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trend. Other specific factors have previously been described as

having a positive influence in the outcome of a PELF. These

include high coverage of the targeted population [9,15,16], low

levels of migration from other areas and integration of the different

available control strategies into the program [21,22]. In the

current study however, these variables did not show an association.

Prior to the current study there has been little reliable clinical

evidence comparing low prevalence communities with high

prevalence populations. Our study followed a large cohort,

contained detailed information about risk factors and outcomes

and established comparisons among several independent areas of

transmission. The current study also had the advantage of being

conducted in an area of Papua New Guinea with a relatively high

rate of infection and transmission, and a pronounced inter-area

variation in prevalence. Moreover, an island population such as

Lihir presents more ideal conditions for epidemiological studies

and evaluation of control programs than large land areas. This

study has the limitations of an observational ecological study, and

Figure 2. Percentage of Infected people, in Lihir Island Villages, in the pre-MDA and post-MDA surveys. NOTE. The diameter of the
circles is proportional to the estimated prevalence of Lymphatic filariasis, implying that every line corresponds to an increase in prevalence of 5%.
doi:10.1371/journal.pntd.0001286.g002
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obviously causality cannot be inferred from it. The observed risk

factors need to be considered with caution. Also, data for some

factors which may influence success rates (e.g. number of persons

per household, use of bednets) were not collected. However, the

analyses performed controlling for the widely recognized prime

predictors, the strong and similar results obtained in the

multivariate analyses for two different markers of success, and

the use of specific techniques to obtain unbiased risk estimates with

small samples allow us to have confidence in the results obtained.

The percentage of the population covered is an important factor

in determining the success of a PELF that has been previously

analysed [9,15,16]. We developed a timely and coordinated drug

delivery strategy that included elements of community information

and education in an attempt to achieve widespread acceptance of

drug treatment and the DOT (Directly Observed Therapy)

distribution method. We made an effort to reach those groups of

individuals who are recognized to be at risk of systematic non-

compliance during MDAs including children, the upper socioeco-

nomic classes, young men and the elderly. We achieved an overall

70% reported population treatment coverage which was probably

underestimated, since it was calculated using the number of people

in the local census. In the multivariate analysis the coverage was

not associated with any of the markers of success. This is likely due

to the similar levels of coverage achieved in all the villages in the

current program.

The lack of influence of population migration in this study may

be explained by the demographics of the migrant population. The

presence of the gold mining operation at Lihir has attracted a large

Table 2. Association between characteristics of villages and program related factors and PELF success to control infection
prevalence.

Factor

Villages where PELF

succeeded

(N=12)

Villages where

PELF failed

(N=15) Univariate Analysis Multivariate Analysis

OR (95% CI) P value* OR (95% CI) P value*

Demographic data

average age ,20 yr old 3 (25.0) 6 (40.0) 0.5 (0.09–2.64) 0.41

sex, male-female rate .0.50 7 (58.3) 7 (46.7) 1.60 (0,34–7.40) 0.54

Epidemiologic data

Low endemicity of infection 10 (83.3) 3 (20.0) 20.0 (2.77–144.31) 0.003 19.26 (1.12–331.82) 0.04

Low migration from
other endemic areas

2 (16.7) 10 (66.7) 0.1 (0.02–0.64) 0.015 0.57 (0.03–11.46) 0.72

Low vector density 8 (66.7) 2 (13.3) 13.0 (1.92–87.99) 0.009 11.58 (0.68–197.0) 0.09

Operational data

High treatment coverage 7 (58.3) 8 (53.3) 1.22 (0,27–5.67) 0.79 0.23 (0.01–11.28) 0.46

Optimal vectorial control 7 (58.3) 1 (6.7) 19.60 (1.91–201.62) 0.01 18.00 (0.36–894.6) 0.14

OR, odds ratio. PELF, Program for Elimination of Lymphatic Filariasis.
*A P value ,0.05 was considered to be statistically significant.
doi:10.1371/journal.pntd.0001286.t002

Table 3. Association between characteristics of villages and program related factors and PELF success to stop transmission.

Factor

Villages where PELF

succeeded

(N=19)

Villages where

PELF failed

(N=8) Univariate Analysis Multivariate Analysis

OR (95% CI) P value* OR (95% CI) P value*

Demographic data

average age ,20 yr old 6 (31.6) 3 (37.5) 0.76 (0.13–4.32) 0.76 3.19 (0.21–46.86) 0.40

sex, male-female rate .0.50 9 (47.4) 5 (62.5) 0.54 (0.1–2.93) 0.47

Epidemiologic data

Low endemicity of infection 12 (63.2) 8 (12.5) 12.00 (1.21–118.89) 0.03 27.44 (1.05–719.6) 0.04

Low migration from
other endemic areas

7 (36.8) 5 (62.5) 0.35 (0.06–1.93) 0.23

Low vector density 9 (47.4) 1 (12.5) 6.30 (0.64–61.63) 0.11 21.85 (0.61–786.3) 0.09

Operational data

High treatment coverage 9 (47.4) 6 (75.0) 0.30 (0.05–1.88) 0.20 0.08 (0.01–1.41) 0.08

Optimal vectorial control 7 (36.8) 1 (12.5) 4.08 (0.41–40.45) 0.23

OR, odds ratio. PELF, Program for Elimination of Lymphatic Filariasis.
*A P value ,0.05 was considered to be statistically significant.
doi:10.1371/journal.pntd.0001286.t003
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number of relatively skilled and affluent workers, often from areas

such as Port Moresby and other regional centres where LF

endemicity is low. Thus migration did not contribute to the

reservoir of filariasis in Lihir.

The long term impact of MDA is determined by the drugs’

effects on microfilaria, and particularly on adult worms [29]. A

single dose of DEC and Albendazole rapidly reduces the number

of circulating microfilaria, but also has a temporary effect in

reducing the production of microfilaria by adult worms, probably

due to sterilization. After some months renewed production occurs

but at a reduced intensity [20,29]. In the absence of macrofilar-

icidal activity, current programs rely on the interruption of

transmission through sustained suppression of microfilaremia over

the 5 years of a program. Experimental studies have documented

the median fecund lifespan of W. Bancrofti worms to be more than

the 5 years typical of an MDA [30]. In addition, single doses of

DEC and Albendazole have been shown to have a limited capacity

to kill the adult worm. A Brazilian study found a significant

proportion of adult worms were insensitive to DEC at doses of

6 mg/kg, with ultrasound studies showing only a 56% mortality

for adult worms after 5 years [29]. This has led some physicians to

suggest that MDA programs should be of at least the same

duration as the lifespan of adult worms. Moreover, it has been

demonstrated that individuals in areas of high endemicity will have

a higher average adult worm burden, and therefore a higher

chance of a fecund worm pair surviving after MDA is complete

[14]. A theoretical analysis with field data from 9 villages, in

distinct endemic areas, identified the degree of infection

aggregation as one of the main factors related to failure of a

PELF. Through a simulation procedure, the author estimated that

following the current approach, only 50% of programs would

achieve parasite elimination [6]. Dunyo et al. in their study

showed a higher level of microfilarial resurgence than in other

programs, and suggested that this may have been due to a high

pre-treatment worm burden [31].

The fact that successful elimination of disease in high prevalence

areas may require longer duration of MDA programmes has

already been recognized by experts [1–4,24,32–34]. This paper

provides the data that support such recommendations. It is clear

that local data needs to be taken into account when designing

MDA programs. Alternative strategies may be needed, including

modified drug regimens (e.g., biannual MDA), vector control

measures, or perhaps antibiotic treatment.
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