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EXTENDED ABSTRACT  

Human  treponematoses  are  caused  by  two  Treponema species;  T.  pallidum and

T.carateum.  The  T.  pallidum species  has  three  genetically  closely  related  subspecies;

T. Pallidum pallidum which causes syphilis, T. pallidum pertenue which causes yaws and

T. pallidum endemicum which causes endemic syphilis or bejel. Human treponematoses

that have been reported in Tanzania are syphilis and yaws. While the epidemiology of

syphilis is known in Tanzania, very little is known about yaws, which was the focus of this

study. Yaws is  a  chronic disease,  which if  untreated follows a  course of three stages,

primary, secondary and tertiary. The peak incidence is in children between 6 – 10 years

living in rural areas. Death caused primarily by yaws is uncommon, however, if untreated;

patients  develop  irreversible,  painful  and stigmatizing  bone deformities  in  the  tertiary

stage. It is unclear whether yaws has been eradicated in Tanzania, meanwhile, non-human

primates throughout Tanzania and other sub-Saharan Africa countries are infected with the

human-related yaws bacterium T. pallidum pertenue. This was a serological and molecular

investigation  of  T.  pallidum pertenue infection  among  children  with  skin  ulcers  in

Tarangire - Manyara ecosystem, northern Tanzania. Results from this study were expected

to contribute an update to the current status of human yaws in Tanzania and to inform the

yaws eradication program. Children aged 6 – 15 years with skin ulcers living close to one

of the wildlife areas with infected NHPs and with increasing human-wildlife interactions,

the Tarangire-Manyara ecosystem, were tested for  T. Pallidum pertenue  infection using

serological and molecular methods. Children were also tested for  Haemophilus ducreyi

infection,  as  another  cause  of  skin  ulcers.  Blood  and  skin  ulcer  swab  samples  were

collected from children with skin ulcers at schools or at health facilities, after conducting

interviews to collect demographic data, ulcer characteristics and possible risk factors for

T. pallidum pertenue infection. Written informed consent from parents or guardians and

assent from the children were obtained before participation in the study.  Blood samples
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were  processed  to  serum  and  tested  using  treponemal  (Rapid  Plasma  Reagin)  and

non-treponemal (Treponema Pallidum Particle Agglutination) tests. DNA extracted from

swab  samples  were  subjected  to  classical  PCRs  and  Sanger  sequencing  targeting  the

Tp0105, Tp0619, TpFB0488 and Tp0548 genes, for detection and characterization of  T.

Pallidum strains. Thereafter, a metataxonomic approach involving amplification of the 16s

rRNA gene V4 region and subsequent high-throughput sequencing, was applied to provide

further information on the treponemes in a subset of swab samples. A total of 186 children

were enrolled. Through interviews, children reported participation in bush meat hunting

practices. These children were more likely to come into contact with NHPs than children

who did not participate in bush meat hunting (N=186, odds ratio 4.4 [95% CI 1.9-10.2];

p=0.0013; 2-tailed Fisher’s exact test). Examination of skin ulcers revealed that, ulcers

that were infected, lacking basic hygiene were common. Two out of 161 tested children,

both boys, had anti-treponemal antibodies. Phylogenetic analysis of genes amplified in

classical PCRs showed that they were similar to  T. pallidum pertenue.  Upon analysis of

the 16s rRNA gene sequences using a metataxonomic approach, sequences which were

classified  in  the  Treponema genus  were  detected.  Phylogenetic  analysis  of  these

Operational Taxonomic Units showed that they do not cluster with any known Treponema

species. This suggests the presence of a bacterium that contains  T. pallidum-orthologue

genes. However, Haemophilus ducreyi was not detected in any child. This study found no

serological evidence of yaws infection in the Tarangire-Manayara ecosystem. Molecular

analysis revealed the presence of a bacterium that contains T. pallidum-orthologue genes

in the skin ulcers of these children. Further analysis to isolate and study the whole genome

of any Treponema species present in these samples would shed more light into the nature

of  the  organism (s),  including  pathogenicity  and  host  range.  Bush  meat  consumption

practices provide ground for possible transmission of various diseases between humans

and  animals;  therefore  prevention  measures  are  called  upon.  Moreover,  further
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investigations into the causes and preventive measures of skin ulcers among children are

needed. 
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background 

Yaws  is  a  chronic  multistage  ulcerative  disease  caused  by  the  bacteria  Treponema

pallidum subspecies pertenue (TPE) (Giacani and Lukehart, 2014). The TPE bacterium is

a spiral  shaped spirochaete  of  the genus  Treponema,  species  Treponema pallidum and

subspecies  pertenue  (Mitjá  et  al.,  2013).  Other  closely  related  bacteria  of  the  genus

Treponema are;  Treponema pallidum subspecies  pallidum  (TPA) which causes venereal

syphilis,  Treponema  pallidum subspecies  endemicum  (TEN)  which  causes  bejel  or

endemic  syphilis,  and  Treponema  carateum  (TC) which causes  pinta  (Giacani  and

Lukehart,  2014). Venereal syphilis, yaws, bejel and pinta are collectively called human

treponematoses  (HT),  of  which  the  latter  three  are  collectively  called  endemic

treponematoses. Archeological evidence shows that, HT have been inflicting human kind

for millions of years  (Rothschild  et al.,  1995). To date,  there are estimated 18 million

(Newman et al., 2015) and 2.5 million (Antal et al., 2002) people worldwide infected with

venereal syphilis and endemic treponematoses, respectively. 

Yaws  is  transmitted  by  physical  contact  with  infectious  lesions  (Mitjá  et  al.,  2013).

Transmission is mainly among children ≤ 15 years of age in tropical rural areas with poor

hygienic  conditions  (Mitjá  et  al.,  2013;  Giacani  and  Lukehart,  2014).  Congenital

transmission while thought to be rare, it has been reported in some literature (Román and

Román, 1986). If not treated, yaws takes a chronic course with multiple stages; primary,

secondary,  latent  and  tertiary.  In  the  primary  and  secondary  stage  untreated  patients

present with highly infectious skin lesions which can be papules, macules, papillomas or

ulcerations  (Gip, 1989; Manning and Ogle, 2002). In the latent stage, clinical symptoms

resolve while serological evidence of infection remains. If untreated patients proceed into
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the tertiary stage, characterized by severe damage to various body organs mainly the skin

and bones  (Sehgal, 1990; Koff and Rosen, 1993; Mafart, 2002; Farnsworth and Rosen,

2006). Yaws does not cause death directly, however if untreated in early stages, it leads to

permanent, disfiguring and stigmatizing bone deformities. 

In 1948, there were 50 – 150 million yaws cases globally (Mitja et al., 2014). The disease

was found in South America (Venezuela, Bolivia, Colombia, Ecuador, and Brazil), South

Pacific  (North  Australia,  Papua  New  Guinea  and  Solomon  Islands),  Asia  (Thailand,

Cambodia, Malaysia, some districts of India and China) and throughout Africa (countries

with  highest  recorded  prevalence  were  Ghana,  Ivory  Coast,  Cameroon  and  Belgian

Congo)  (Mitjá  et  al.,  2014).  In  the  1950s,  Tanzania  was  one  of  the  yaws  endemic

countries.  During that time, about 61,800 yaws cases in Tanganyika and 5,400 cases in

Zanzibar were reported  (Hackett,  1953), the two countries that united in 1964 to form

Tanzania. Records show that, in the year 1930 and 1950 an estimated total of 137,000 and

52,400 yaws patients respectively, were treated across Tanganyika and Zanzibar (Hackett,

1953).  The  World  Health  Organization  (WHO)  launched  the  first  global  eradication

campaign  from 1952  to  1964  and  managed  to  reduce  the  global  prevalence  by  95%

(Asiedu  et al., 2014). In recent years, yaws has re-emerged and about 15 countries are

known to be endemic  (WHO, 2019a). However,  the epidemiological status of yaws in

another  86 countries  which were previously endemic,  including Tanzania,  is  unknown

(Fitzpatrick  et  al.,  2018).  In  2012,  the  WHO  launched  a  second  global  eradication

campaign,  to  eradicate  yaws  by  the  year  2020  (WHO,  2012; Asiedu et  al.,  2014).

However, since many endemic countries have not interrupted transmission, the eradication

target has been moved to 2030 (Dyson et al., 2019; WHO, 2019b). 
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It was believed that  humans are the only reservoir  for yaws until  recently when non-

human primates (NHPs) were found to be infected by the TPE bacteria, the causative of

human yaws (Knauf et al., 2018). In Tanzania, infected NHPs were reported in majority of

wildlife  areas  (Chuma  et  al.,  2018).  This  study  focused  on  the  Tarangire-Manyara

ecosystem, a human wildlife interface with two wildlife areas; Tarangire National Park

and Lake Manyara National Park. In these wildlife areas, a high proportion of sampled

NHPs were found to be infected with the  TPE bacteria. This study intended to establish

whether children with skin ulcers living in Tarangire-Manyara ecosystem were infected

with the TPE bacterium or not. 

1.1.1 Treponema classification and morphology

Treponemes are gram-negative spiral  shaped bacteria (Figure 1.1) which belong to the

family Spirochaetaceae and genus Treponema. The genus has two species causative agents

of HT:  TP and  TC (Giacani and Lukehart, 2014). The  TP species has three subspecies;

pallidum,  pertenue  and  endemicum.  The  bacterium  measures  6  –  15  µm  in  length

and  0.1  -  0.2  µm  in  diameter  (Radolf,  1996;  Singh  and  Romanowski  1999).  It  is

surrounded by a cytoplasmic membrane, which is loosely enclosed by an outer membrane

(Wiegand  et  al.,  1972).  It  has  an endoflagella,  which is  responsible  for  its  corkscrew

movement (Wiegand et al., 1972). The endoflagella is an important virulence factor which

enables  the  bacterium  to  swim  effectively  through  connective  tissue,  allowing  to

disseminate widely and establish chronic  infection  in  the  host  (LaFond and Lukehart,

2006; Mitja et al., 2013). Due to their small size, live treponemes cannot be visible under

light microscope. Instead, they can be observed under dark field microscopy, where they

appear as long slender corkscrew shaped organisms (Singh and Romanowski, 1999;  Mitjá

et al., 2013; Giacani and Lukehart, 2014) . All treponemes are morphologically identical

(Mitjá et al., 2013; Giacani and Lukehart, 2014). 
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Figure 1. 1: Scanning electron microscopic image of TP bacteria. Source: Centers

for  Disease  Control  and  Prevention,  Public  health  Image  Library,

ID#14966.

1.1.2 Treponema Genetics 

The  three  TP subspecies  are  genetically  highly  similar.  Whole  genome  sequences  of

pallidum, pertenue and endemicum subspecies were successfully analyzed in 1998 (Fraser

et al., 1998), 2010 (Mikalová et al., 2010) and 2014 (Štaudová et al., 2014), respectively.

The  genome  sizes  for  pallidum,  pertenue and  endemicum subspecies  ranged  between

1138.0 – 1140.0, 1139.3 – 1139.7 and 1137.7 kbp, respectively. The TP genome is smaller

compared to many other gram-negative and -positive bacteria, only a handful of known

bacterial genomes are smaller than that of TP (LaFond and Lukehart, 2006). As a result, its

metabolic  capacity  is  highly  limited.  It  has  enzymes  for  glycolisis  pathway,  but  lacks

enzymes  for  the tricarboxylic  acid cycle  and an  electron transport  chain  (LaFond and

Lukehart, 2006). It also lacks the ability to utilize alternative carbon sources for energy

and to carry out de novo synthesis of nucleotides and co-factors,  therefore deriving most

of its essential macromolecules from the host (LaFond and Lukehart, 2006).  As a result, it

cannot survive outside the host. 



5

Comparative  analysis  showed  that  the  similarity  between  the  pallidum and  pertenue

subspecies was 99.8%  (Čejková  et al., 2012), while the similarity between  pallium and

endemicum subspecies was 99.79 – 99.82% (Štaudová et al., 2014). This genetic similarity

has been proposed to explain the similar clinical presentations of these diseases (Giacani

and Lukehart, 2014). Conversely, the differences observed in their pathogenesis have been

suggested  to  result  from the  small  but  significant  genetic  diversity  localized  in  their

genomes (Mitja et al., 2013; Giacani and Lukehart, 2014) . Genetic variations have been

reported in several genes such as the acidic repeat protein (arp) gene  (Harper et al., 2008)

and the TP repeat (tpr) gene (Centurion-Lara et al., 2013). The arp gene has four different

types of repetitive sequences namely I, II, II–III and III. In TPA subspecies the arp gene

has all four types while in TPE and TEN subspecies have only type I (Harper et al., 2008).

In addition, the  TP repeat (tpr) gene family which encodes for twelve virulence factors,

has  sequence  diversity  capable  of  differentiating  treponemal  species,  subspecies  and

strains (Centurion-Lara et al., 2013). 

1.1.3 Epidemiology of yaws

Yaws is one of the endemic treponematoses caused by TPE. Transmission occurs through

physical contact with infectious lesions (Giacani and Lukehart, 2014). A breach in the skin

barrier due to trauma or other causes, facilitates entry of the spirochaetes into the host

(Hackett  1953;  Hackett,  1984).   The  disease  is  common in  tropical  areas  with  heavy

rainfall, high humidity and an average annual temperature of ≥ 27°C (Mitja et al., 2013;

Giacani and Lukehart, 2014). Children below 15 years of age (peak age between 6 and 10)

living in  rural  communities  with poor  hygienic conditions  are  predominantly affected,

with sex preponderance towards males (Gerstl et al., 2009; Mitjà et al., 2015). The disease

is usually clustered in households, but transmission among children can occur in public

places in the communities and at schools (Mitja et al., 2013; Giacani and Lukehart, 2014). 
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The term yaws, could have originated from the African word yaw, which means berry due

to resemblance of the primary lesions of yaws to a raspberry or from the Carib word yaya,

which means sore or lesion (Mitja et al., 2013; Giacani and Lukehart, 2014). These words

were in common used during the 17th century. In other literature, the disease is referred to

as framboesia tropica after the French word framboise which means raspberry (Engelkens

et al., 1991). In 1948, there were an estimated 50 – 150 million cases of yaws in the world

(Mitja et al., 2014). The first yaws global eradication campaign carried out from 1952 to

1964 managed to screen 300 million people in 46 endemic countries and treated 50 million

patients  who had active or  latent  yaws,  and their  contacts  (Asiedu  et  al.,  2014).  This

campaign reduced the global prevalence of yaws by 95% (Rinaldi, 2008). 

In 2019, the WHO reported 15 countries across the world that were yaws endemic (WHO,

2019a). 86 countries (including six countries of the East African Commission) that were

previously  endemic  but  their  current  epidemiological  status  is  largely  unknown

(Fitzpatrick  et al., 2018). The endemic countries are Benin, Cameroon, Central African

Republic,  Republic  of  the  Congo,  Côte  d’Ivoire,  Democratic  Republic  of  the  Congo,

Ghana,  Togo,  Indonesia,  Papua New Guinea,  Solomon Islands,  Vanuatu,  Timor-Leste,

Liberia and Philippines) (WHO, 2018a; WHO, 2019a). Two countries, India and Ecuador

have interrupted transmission. India has been certified free of yaws, while Ecuador awaits

certification  (WHO,  2018a).  Between  2014  and 2016,  about  62,693 yaws cases  were

reported from endemic countries and about 91 cases were reported from countries whose

endemicity status is unknown (WHO, 2018b). In majority of these countries, yaws is not

included in the national surveillance systems, hence these data may be underestimated

(WHO, 2018b). 
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KEY

Figure 1. 2: Global map showing the status of yaws. Source: (Fitzpatrick et al., 2018) 

1.1.4 Pathogenesis

Treponemes enter the host through breaks in the skin, they move across epithelia cells

through  tight  junctions  and  invasively  attach  on  fibronecting-coated  surfaces  on  the

extracellular matrix (Fitzgerald et al., 1984; Singh and Romanowski, 1999). The bacteria’s

ability to penetrate endothelia cells and intact membranes is a critical  virulence factor

(Singh and Romanowski, 1999). Treponemes can be found in lymph nodes within minutes

after infection and widely disseminate in the host within hours  (LaFond and Lukehart,

2006). 

The  treponemal  47-kDa lipoprotein,  TpN47,  has  been  shown to  induce  expression  of

endothelial  cells  adhesion molecules,  necessary for  increased capillary permeability  to

No specific reports Previously endemic, current 
status unknown  

No yaws cases 

Interrupted transmission  

Currently endemic 
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allow immune and inflammatory cells to leak into the infection site  (Lee  et al., 2000).

Polymorphonuclear cells are among the first immune cells to appear during acute infection

(Musher et  al.,1983).  Several  treponemal  lipoproteins  (TpN47,  TpN15,  TpN17  and

TpN38) have been shown to stimulate production of cytokines TNF– α, IL-1, IL-6, IL-8,

and IL – 12 (Radolf et al., 1991; Norgard et al., 1996) . Dendritic cells play a crucial part

in presenting antigens to T cells. Helper and cytotoxic T cells as well as macrophages are

predominant in primary and secondary lesions (LaFond and Lukehart, 2006). Antibodies

develop few weeks after initial infection mainly in response to lipoproteins and flagella

antigens (Singh and Romanowski, 1999; LaFond and Lukehart, 2006). 

Histopathological findings of skin lesions in HT are similar. They are characterized by

epidermal hyperplasia and papillomatosis, focal spongiosis and intraepidermal collections

of neutrophils  (Singh and Romanowski, 1999; Antal  et al., 2002; Mitja  et al., 2013). In

yaws patients, treponemes can be observed by silver impregnation methods in the upper

layers of the epidermis while in syphilis patients treponemes are commonly found in the

dermis  or  the  dermal-epidermal  junctions  (Antal  et  al.,  2002;  Mitja  et  al.,  2013).  In

syphilis, tissue pathological findings are characterized by vascular infiltration (endarteritis

and  periarteritis)  by  plasma  cells  in  all  stages  and  granulomatous  inflammation  in

gummatoes complications  (Singh and Romanowski, 1999; LaFond and Lukehart, 2006).

In yaws however, vascular involvement is rare or absent, but granulomas are common in

the tertiary stage (Antal et al., 2002; Mitja et al., 2013). 

1.1.5 Clinical presentation of yaws 

The mean incubation period of yaws is 21 days, but it may take between 10 and 90 days

(Giacani  and Lukehart,  2014).  If  untreated the disease takes  a  chronic course of  four

stages: primary, secondary, latent and tertiary. In the primary stage, a localized papule (s)

usually occurs, which can develop into either a large papilloma of 2 – 5cm in diameter or a
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single non-tender ulcer with a red moist base (Manning and Ogle, 2002). This initial lesion

is called the ‘mother-yaw’, it occurs at the site of treponemes’ entry into the body. In 65 –

85% of cases, the primary lesion is found on the legs and ankles (Rinaldi, 2008). In other

cases, it occurs on the buttocks, arms, hands and face (Giacani and Lukehart, 2014). After

3 to 6 months, the primary stage lesions heal spontaneously, leaving a hypo pigmented or

eroded lesion delineated by a darker border (Manning and Ogle, 2002). In about 9 – 15%

of cases, these lesions persist to the secondary stage, which begins one to two years after

onset of the primary lesion (Antal et al., 2002; Mitja et al., 2013; Giacani and Lukehart,

2014). 

In the secondary stage, yaws presents with arthralgias, body malaise, skin lesions, and

bone deformities  (Antal  et al., 2002; Giacani and Lukehart, 2014). Arthralgias and body

malaise are the most common but non-specific symptoms of secondary yaws. Skin lesions

include  numerous  outgrowths  that  resemble  primary  papillomas,  scaly  lesions  or

squamous  macules  (Hackett  et  al.,  1946).  Other  skin  lesions  include  hyperkeratotic

plaques  and  fissures  that  form on  palms  and  soles  (Hackett  et  al.,  1946).  Secondary

infection may occur in sole fissures, resulting into a painful ‘crab-like’ gait  (Mitja et al.,

2013; Giacani and Lukehart, 2014).  Bone swelling and nocturnal pain of the proximal

phalanges of the fingers (dactylitis) or of the long bones of fore-arms and legs occur as a

result of osteoperiostitis  (Hackett  et al., 1946). Early osteoperiostitic changes known as

onion  layering  periosteal  reaction  or  loss  of  clarity  of  the  cortex  are  visible  in  plain

radiography  and periosteal thickening is often palpable  (Lin, 2006; Mitjà  et al., 2011).

All these lesions resolve upon successful treatment. If not treated these lesions resolve in

weeks  or  months  and  the  patient  enters  a  latent  stage  where  the  clinical  symptoms

disappear  but serological evidence of infection remains.  Relapses to  earlier  stages can

occur in a period of 5 years or in rare cases  up to 10 years (Mitja et al., 2013). 
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Five years after the initial  untreated infection,  about 10% of patients enter the tertiary

stage which is characterized by highly destructive and horrifically disfiguring skin and

bone deformities  (Koff and Rosen, 1993; Mafart,  2002; Farnsworth and Rosen, 2006).

Skin  lesions  include  gummatous  nodules  with  massive  tissue  necrosis  followed  by

incapacitating scarring and contractures  (Antal  et  al.,  2002).  Bone deformities  include

ulceration of the palate and nasopharynx called gangosa, bowing of the tibia called sabre

shins and exostosis of the paranasal maxillae called goundou (Mafart, 2002; Mitja et al.,

2013; Giacani and Lukehart, 2014). Gangosa and saber shins occur secondary to yaws

destructive osteitis, while goundou is secondary to periarticular hypertrophic periostitis.

These manifestations are now rare following increased community access to health care

facilities hence early diagnosis and treatment, and widespread use of antibiotics (Mitja et

al.,  2013).  Neurological  and  cardiovascular  manifestations  are  reported  to  be  rare,

however, they have been reported in some cases (Román and Román, 1986). 

In areas with low transmission, infected people can be asymptomatic, and in symptomatic

cases symptoms can include only one papilloma or scattered scaly maculaes  (Mitja et al.,

2013; Giacani and Lukehart, 2014; Mitja et al., 2015). Generally, the diagnosis of yaws is

mainly  based  on  clinical  presentation  in  known endemic  areas.  Differential  diagnosis

include  tropical  ulcer,  cutaneous  leishmaniasis,  impetigo,  fungal  infections,  psoriasis,

planter warts or scabies (Engelkens et al., 1991; Mitjà, et al., 2011). 
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Figure 1.3: Clinical  presentation of  yaws. A – The primary stage mother yaw on

lower limbs, B - secondary stage maculae, C - Tertiary stage collapse of

nasal septum and palate called gangosa. Source: (WHO, 2014).

1.1.6 Laboratory Detection 

1.1.6.1 Direct detection methods

From biological  specimens,  treponemes  can  be  detected  directly  or  indirectly.  Direct

detection  methods  include  dark  field  microscopy,  Rabbit  Infectivity  Test  (RIT)  and

molecular methods (Singh and Romanowski, 1999; Giacani and Lukehart, 2014). 

The dark field microscopy uses lesion exudates for direct visualization of treponemes.

This test is useful in patients with active disease, but have not yet developed antibodies for

serological diagnosis (Pierce and Katz, 2011). However, in healing lesions, the number of

treponemes decreases and the test may give false negative results (Pierce and Katz, 2011) .

Performing the test requires expertise and equipment hence it is not regularly performed in

clinical settings. 

The  RIT  is  performed  by  injecting  lesion  exudates  suspected  to  contain  infective

treponemes into the testes of laboratory rabbits (Oryctolagus cuniculus), which are then

monitored  for  seroconversion  over  a  three  months  period  (Turner  et  al.,  1969).

Seroconversion  provides  proof  of  presence  of  infectious  treponemes  in  the  suspected

sample. Despite its high sensitivity, this test is mostly used for research purposes rather

A B
C
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than diagnosis  in  hospital  settings  due  to  the  costs  and difficulties  of  maintaining  an

animal laboratory. 

Qualitative  and  quantitative  nucleic  acid  amplification  tests  have  been  developed  for

detection of  TP species from biological specimens.  These include amplification of the

47-kDa lipoprotein (Tp0574) and the polA genes from suspected lesion exudates or tissue

bipsies  (Liu  et  al.,  2001;  Giacani  and  Lukehart,  2014).  Additionally,  the  reverse

transcriptase PCR (RT-PCR) assay was developed targeting the 366 bp region of  16S

rRNA of the TP to increase sensitivity in detecting treponemes compared to methods that

rely  on  amplification  of  single  copy genes  (Centurion-Lara  et  al.,  1997).  These  gene

targets can detect treponemes of the species TP, TC and Treponema paraluisleporidarum.

To differentiate TPE, TPA and TEN subspecies, restriction fragment length polymorphism

(RFLP) assays targeting the differences in the  tprC (Tp0117) and  tprI (0620) genes are

used (Centurion-Lara et al., 2006). Other differentiating gene targets include the Tp0619

gene which can differentiate TPA from TPE and TEN subspecies, and the TpFB0488 gene

which can differentiate between  TPE and  TEN subspecies  (Chuma  et al., 2018). These

tests, however, can only be performed in settings with appropriate resources and well-

trained personnel. 

1.1.6.2 Indirect detection methods

Indirect methods rely on detection of serum antibodies which develop following infection.

These tests are classified as treponemal and non-treponemal serological tests, depending

on the  type  of  antibodies  detected.  These tests,  however,  cannot  differentiate  between

infection with TPE, TPA, TEN or TC (Mitja et al., 2013; Giacani and Lukehart, 2014). 

Non-treponemal tests  detect  antibodies  against  lipid antigens  (cardiolipin and lecithin)

released by treponemes or host cells following tissue destruction after invasion (Soreng et
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al., 2014). Commonly used tests in clinical settings are Rapid Plasma Regain (RPR) and

Venereal Disease Reference Laboratory (VDRL). They are both flocculation-based tests

whereby RPR is read by naked eye,  while VDRL requires a microscope  (Giacani and

Lukehart, 2014). False positive results can occur in cases of autoimmune diseases, Human

Immunodeficiency  Virus  (HIV)  infection,  elderly  and  pregnant  patients  (Koike  et  al.,

1984; Rompalo et al., 1992; Nandwani and Evans, 1995). False negatives are possible in

the  early  days  of  infection  or  due  to  prozone  effect  (Mitjá  et  al.,  2013;  Giacani  and

Lukehart, 2014). These tests are useful in monitoring response to treatment since they are

positive during active infection and become negative after successful treatment (Soreng et

al., 2014). A fourfold decrease in the baseline antibody titer after treatment, signifies good

response,  while  a  fourfold  increase  in  antibody  titer  signifies  reinfection  or  failed

treatment (Soreng et al., 2014). 

Treponemal tests detect antibodies directed against treponemal antigens, mainly surface

membrane  lipoproteins  (Singh  and  Romanowski,  1999;  Giacani  and  Lukehart,  2014).

They  are  used  to  confirm  positive  non-treponemal  tests.  These  confirmatory  tests,

however,  remain  positive  for  life  even  after  successful  treatment.  Commonly  used

treponemal  tests  for  research  or  clinical  purposes  include  fluorescent  treponemal

antibody-absorption test (FTA-ABS), agglutination assays i.e. TP hemagglutination assay

(TPHA)  and  TP particle  agglutination  assay  (TPPA),  and  the  automated  enzyme

immunoassays (EIAs) (Mitja et al., 2013; Giacani and Lukehart, 2014). 

In the past, non-treponemal tests were performed first on suspected patients and positive

cases were confirmed by treponemal tests. Due to availability of automated and point of

care tests, treponemal tests are now performed first in many clinical settings and positive
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cases are followed by non-treponemal tests to establish whether it  is an active or past

infection (Soreng et al., 2014). 

Generally, laboratory characterization of TP is challenging, because the bacteria are highly

fragile such that drying, temperatures above body temperature and exposure to oxygen can

easily kill them, growth rate is very slow, they multiply once in a 30-33 hours period, and

they cannot survive outside mammalian hosts (Mitja et al., 2013). Recently, a method for

long-term laboratory propagation of  TP subspecies in rabbit epithelial cell cultures was

developed  (Edmondson  et  al.,  2018).  For  scientific  studies,  treponemal  strains  are

currently propagated in laboratory rabbits and hamsters (Giacani and Lukehart, 2014). 

1.1.7 Prevention and Eradication

Treponemal diseases are still a public health concern in many parts of the world despite

the fact that they can be cured by injectable penicillin or oral azithromycin antibiotics and

transmission can be prevented by inexpensive means. Currently there is no vaccine against

treponemal infections. Therefore,  early identification and treatment of infected patients

and their contacts is necessary to limit further transmission. 

Endemic  treponematoses  are  still  reported  in  some  countries  that  were  historically

endemic before any eradication attempts (WHO, 2019a). Many other previously endemic

countries are not reporting cases, but there is no proof of eradication. The WHO aims to

eradicate yaws by the year 2030 (WHO, 2019b). The strategy employs treatment of the

entire community in endemic communities or treatment of all  cases and their  contacts

identified during surveys in non-endemic communities. The recommended treatment is a

single  dose  of  oral  azithromycin  (Mitjà  et  al.,  2012;  WHO,  2012).  Nonetheless,

improvement of sanitation and hygiene in endemic communities can significantly interrupt
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transmission of yaws and other endemic treponemtoses  (Mitja  et al., 2013; Giacani and

Lukehart, 2014). 

For  venereal  syphilis,  safe  sexual  practices  can  help  prevent  transmission  (Singh and

Romanowski,  1999).  Innovative  strategies  to  increase  access  and  availability  of

reproductive health services to high risk groups (such as sex workers, illicit drug users,

long distance truck drivers, Men who have sex with men, HIV-infected people, people in

incarceration) will help identify and treat syphilis cases and provide health education on

safe sexual practices.  Strengthening health systems to prevent congenital transmission of

syphilis from mother to child through mandatory screening of all pregnant women during

antenatal care services, and treatment of cases and their sexual contacts will help eliminate

congenital syphilis (Korenromp et al., 2019). 

1.2 Research Gap 

The global yaws eradication campaign intends to eradicate yaws by the year 2030 (WHO,

2019b).  Fifteen countries  are  known to be endemic  (WHO, 2019),  while  the status  is

unknown in 86 other countries which reported yaws previously (Fitzpatrick et al., 2018).

Tanzania reported yaws for the last time in 1978, where 77 cases were reported to the

WHO  (WHO, 1984).  Due to  lack  of  systematic  surveillance  and reporting,  there  is  a

possibility  that  these  data  were  underestimated.  There  are  no  human  cases  reported

currently, however, it is not clear whether human yaws has been eradicated in Tanzania.

Meanwhile, in the majority of wildlife areas in Tanzania with animal-human interactions

such as bushmeat hunting, NHPs are infected with TPE. Experimental studies have shown

that, simian  TPE strains can infect humans  (Smith  et al., 1971). It is not clear whether

transmission can occur between humans and NHPs in the natural environment.  
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1.3 Justification for the Study 

Yaws,  a  neglected  tropical  disease,  can  easily  be  cured  with  a  single  dose  of  oral

azithromycin (Mitjà et al., 2012). However, if not treated in the early stages, it can lead to

debilitating,  permanent  bone malformations  (Farnsworth  and Rosen,  2006).  Therefore,

early  identification  and  treatment  is  key  to  prevent  such  morbidity  and  further

transmission,  and  eventually  achieve  eradication.  However,  accurate  data  is  vital  to

eradication plans. Studies to establish the status of yaws in Tanzania are lacking. This

study intends  to  investigate  TPE infections  in  children  with  skin  ulcers  living  in  the

Tarangire Manyara ecosystem. Results from this study will help to update the status of

yaws in Tanzania. Also, it serves as an initial study to investigate possible transmission

events between humans and NHPs. This will help inform the ongoing yaws eradication

campaign, which currently does not consider a One Health approach. 

1.4 Objectives 

1.4.1 Overall objective 

To determine the presence of  Treponema pallidum pertenue infections among children

with skin ulcers in Tarangire-Manyara ecosystem, northern Tanzania. 

1.4.2   Specific objectives 

i. To test children with skin ulcers in Tarangire-Manyara ecosystem for  Treponema

pallidum pertenue infection using serological methods 

ii. To test children with skin ulcers in Tarangire-Manyara ecosystem for  Treponema

pallidum pertenue infection using molecular methods 
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Abstract

Background:  Skin  ulcers  among  primary  school  age  children  are  common.  We

investigated  for  the  presence  of  Treponema and  other  spirochaetes  in  skin  ulcers  of

children  in  Tarangire  Manyara ecosystem.  We further  investigated for  the presence  of

Haemophilus ducreyi bacteria which cause similar skin ulcers. 

Methods/Design: We performed classical PCRs and Sanger sequencing for detection and

genetic characterization of treponemal (targeting polA, Tp0619, Tp0488 and Tp548 genes)

and H. ducreyi bacteria using skin ulcer swab samples from 74 children. Furthermore, we

used a metataxonomic approach (16S rRNA gene amplification targeting V4 region, and

subsequent high-throughput sequencing) with a spirochaete enrichment step to study the

diversity of detected treponemal DNA from 5 representative samples that were positive for

the Tp0619 gene.     

Results: The following Treponemal gene targets were detected in the proportion of tested

children in brackets: PolA (n= 55/74), Tp0619 (n = 39/74), Tp0488 (n = 1/74), Tp0548 (n

= 0/74).  Haemophilus  ducreyi bacteria  was  not  detected  from any  of  the  skin  ulcers.

Bacteria of the Treponema genus were detected in samples from 2/5 children tested using

the metataxonomic approach. 

Conclusion:  Using  a  metataxonomic  approach,  we  detected  bacteria  with  Treponema

pallidum orthologue genes from the skin ulcers of children living in Tarangire Manyara

ecosystem. Further studies are required to test more children, study the genome of the

detected organism (s) to establish their pathogenicity and their host range. 

Keywords: Treponema, novel species, children, skin ulcers. 

3.1 Background

The genus  Treponema is  composed of spiral  shaped bacteria (family Spirochaeteceae),

with  two  species  which  cause  human  treponematoses:  Treponema  pallidum  and
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Treponema carateum. The T. pallidum species has three subspecies, which cause syphilis

(subspecies  pallidum,  TPA),  yaws  (subspecies  pertenue,  TPE)  and  bejel  (subspecies

endemicum, TEN), while the T. carateum species causes pinta (1,2).  

Treponemal diseases that have been reported in Tanzania are syphilis in humans and yaws

in humans and non-human primates (NHPs). Syphilis  is still  present in Tanzania, with

reports from 2011 showing that about 2.5% of pregnant women in the country are infected

(3). On the other hand, there are currently no reports  of yaws in Tanzania despite the

country being endemic historically  (4). For instance, in 1950s, there were about 61,800

cases from the mainland and 5,400 cases from Zanzibar island, reported across the country

(5). Following the first global yaws eradication campaign, yaws was last seen in Tanzania

in 1977, where 71 cases were reported to the World Health Organization (6). It is unclear

whether  Tanzania  has  eradicated  yaws or  not.  Recently,  NHPs  in  sub  Saharan  Africa

including all wildlife areas in Tanzania, were reported to be infected with the human yaws

bacterium,  TPE  (7,8). Ethically questionable inoculation experiments show that simian

TPE strains can cause sustained infection in humans (9). Whether transmission can occur

between humans and NHPs in the natural environment is unclear.  Bejel  is common in

Cuba,  the  Sahel  region  of  Africa  and  the  Arabian  peninsular  (10,11),  while  pinta  is

common in Colombia and Mexico  (12). Both bejel and pinta have not been reported in

Tanzania.  

Treponemal diseases share striking similarities in the clinical picture. If untreated, they

both take a chronic and debilitating course through primary, secondary and tertiary stages,

with the primary and secondary stages characterized by skin and bone lesions  (1,13). In

the preceding study, children with skin ulcers from Tarangire -Manyara ecosystem (TME)

in  northern  Tanzania,  were  screened  for  yaws  disease  using  non-treponemal  (Rapid
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Plasma Reagin  test)  and  treponemal  (Treponema pallidum Particle  Agglutination  test)

serological  tests.  Only  1.2%  of  children,  who  were  screened,  were  found  to  have

treponemal antibodies,  suggestive of past  acquired syphilis  infection rather than yaws.

However, these serological tests have low sensitivity in the early days following infection

(14). Also, in yaws endemic areas such as Ghana and Papua New Guinea, skin ulcers

similar  to  those  of  yaws  were  found  to  be  caused  by  Haemophilus  ducreyi (15).

Consequently,  Asiedu  et al.,  (16) recommend molecular tests (such as PCR) in survey

studies of yaws. Furthermore, spirochaetes have been associated with chronic skin ulcers

such as tropical  ulcers  (17).  In  this  study therefore,  we applied molecular  methods to

investigate the presence of Haemophlius ducreyi and Treponema bacteria. This study will

help to identify some infectious causes of skin ulcers among children in the Tarangire-

Manyara ecosystem. 

3.2 Methods

3.2.1 Study design, setting and sampling 

We used a cross sectional study design to collect demographic information and skin ulcer

swab  samples  from  primary  school  children  living  in  Tarangire-Manyara  ecosystem.

Sampling  activities  took  place  at  schools  during  regular  days.  The  TME  has  two

administrative districts, Babati and Monduli, which together have 256 primary schools in

total. Out of those, 13 schools were purposely selected based on their closeness to the two

wildlife  areas  in  Tarangire-Manyara  ecosystem;  Tarangire  and  Lake  Manyara  national

parks.  The  epidemiology,  clinical,  pathological  and  molecular  characterization  of

treponemal  infection  in  NHPs in  these parks  (in  this  case  TPE)  has  been extensively

studied  (7,18–20).  After a short session of health education on yaws, conducted at the

primary schools, we asked children to bring their parents on the following day. Children

whose parents or legal guardians showed up and submitted written assent and parental
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consent  were  screened for  skin  ulcers.  Only  children  with  skin  ulcers  who expressed

verbal assent to participate were enrolled into the study. Children without any skin ulcers

were excluded from the study as well as children with skin ulcers where the parents or

legal  guardians  did  not  provide  consent  to  participate  and/or  the  child  refused  to

participate. Children who were brought to health facilities for outpatient services and who

had  skin  ulcers,  were  enrolled  after  obtaining  written  consent  from  parents  or  legal

guardians and children’s verbal assent. Caution was taken to avoid double enrollment. 

3.2.2 Study procedures 

After enrollment, demographic data (age, sex, school, class, and village of residence) were

collected. Thereafter, one to three ulcer swabs were collected by carefully removing the

scabs or crusts of the ulcer and swabbing the floor using sterile polyester tipped swabs

(Pur-wraps  Puritan  Hardwood,  Guilford  USA).  Swab  samples  were  immediately

transferred into cryovial  tubes  (M2 Scientifics,  Holland Michigan)  containing 1 ml of

custom-made  lysis  buffer  (10mM  Tris-HCl  pH 8.0,  0.1M  EDTA pH 8.0,  0.5% SDS,

RNase  free  water).  Samples  were immediately  cooled  using a  commercial  cooler  box

spiked with ice packs. As soon as possible on the same day, samples were transferred into

liquid  nitrogen.  Samples  were  stored  at  -80°C  at  Sokoine  University  of  Agriculture,

Morogoro, Tanzania until exported to the German Primate Center, Goettingen, Germany

for laboratory analysis. Samples were collected between November 2017 and February

2018. 

3.2.3 DNA extraction from swab samples

DNA was extracted from swab materials  using the QIAamp DNA mini kit (QIAGEN,

Hilden Germany)  following  manufacturers  protocol  with  minor  modifications.  Briefly,
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Proteinase K was added to the swabs, which were already stored in lysis buffer at a ratio

of 1:10 and incubated overnight at  56°C and 900 rpm (Thermomixer Eppendorf).  The

mixture was passed over mini spin columns twice, washing steps with the kit’s AW1 and

AW2 buffers were carried out twice, and DNA elution was done twice using 100 ml AE

buffer. Glycogen precipitation was performed as described previously (21). 

3.2.4 Detection of Treponemal and Haemophilus ducreyi DNA

PCR targeting the treponemal DNA polymerase I gene (polA / Tp0105) was performed on

extracted DNA to detect presence of Treponema DNA. PCR targeting this gene has been

shown to be able to detect all bacteria of the T. pallidum species (22). The 390bp fragment

was  amplified  by  using  the  protocol  and  primers  described  by  Liu  et  al.,(22).

Amplification was performed in a thermocycler (SensoQuest GmbH, Germany) using the

following cycler conditions: denaturation at 950C for 3 minutes, followed by 60 cycles of

950C for 15 seconds, 600C for 15 seconds and 720C for 30 seconds. The final elongation

step was at 720C for 5 minutes. 

PCR to detect of  Haemophilus ducreyi DNA was performed as described by Orle and

colleagues (23). 

3.2.5 Genetic characterization of detected treponemal DNA 

3.2.5.1 Classic PCR and Sanger sequencing 

Classical PCRs were performed targeting three genes; Tp0619, Tp0FB488 and Tp0548.

The Tp 0619 PCR is useful to differentiate between  TPA and  TPE or TEN subspecies.

Primers and protocol used to amplify this 700bp segment were described by Chuma et al.,

(7). Briefly, the 50 μL reaction volume comprised 25 μL Phanta Mmix (Vazyme Biotech

Co. Ltd, Nanjing China), 19 μL RNAase free water, 2 μL of each 10 μmol/L forward and

reverse  primers  and  2  μL  template  DNA,  independent  of  DNA concentration.  The

amplification was performed in SensoQuest Labcycler using the following thermocycling
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conditions: predenaturation at 95°C for 3 min, followed by 40 cycles each with 95°C for

15 s, 55°C for 15 s, and 72°C for 30 s. The final elongation step was set at 72°C for 5 min

and PCR products were indefinitely cooled at 4°C.
 

The  TpFB0488  was  is  useful  to  differentiate  between  TPE and  TEN subspecies.

The 5 -CCC TGC GCA CCA AGC TC-3  and 5  -ACA CAG GCC CCA TAA ACT C-3ʹ ʹ ʹ ʹ

primers were used to amplify this 830bp segment. The total reaction volume was 51-μL,

consisted of 45 μl Platnum PCR super mix High fidelity, 2 μL of each 10 μmol/L forward

and  reverse  primers  and  2  μL  template  DNA,  independent  of  DNA concentration.

Amplification was performed in SensoQuest Labcycler using the following thermocycling

conditions: predenaturation at 94°C for 2 min, followed by 80 cycles each with 94°C for

15 s, 59°C for 15 s, and 68°C for 1min. PCR products were indefinitely cooled at 4°C. 

The Tp0548 gene is useful for strain typing of Treponema pallidum species. A nested PCR

was  performed  to  amplify  this  gene.  In  the  first  round,  the  50  μL reaction  volume

comprised of 25 μL 2 × Universe buffer, 17 μL RNAase free water,  2 μL of each 10

μmol/L forward and reverse primer, 1 μL DNA polymerase (1 U/μL), 1 μL of 10 mmol/L

each dNTPs, and 2 μL template DNA, independent of DNA concentration. The 5  -TGGʹ

GGC ACT AAA CCG GAA GA-3  and 5  -TAC GGG CAT TTG CGG ATA GG-3ʹ ʹ ʹ

primers  were  used  to  amplify  the  1567bp  segment  using  the  following  thermocycler

conditions; the pre-denaturation step was set at 95°C for 3 min, followed by 40 cycles

each with 95°C for 15 s, 48°C for 15 s, and 72°C for 1.5min. The final elongation step was

set at 72°C for 5 min. In the second round, the 50-μL reaction volume comprised of 25 μL

2 × Universe buffer, 17 μL RNAase free water,  2 μL of each 10 μmol/L forward and

reverse primer, 1 μL DNA polymerase (1 U/μL), 1 μL of 10 mmol/L each dNTPs, and 2

μL PCR  product  from  first  round.  The  5 -GCG  GTC  CCT ATG  ATA TCG  TGT-3ʹ ʹ

and 5 - GAG CCA CTT CAG CCC TAC TG-3  primers were used to amplify the 1065bpʹ ʹ
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segment using the following thermocycler conditions; the pre-denaturation step was set at

95°C for 3 min, followed by 35 cycles each with 95°C for 15 s, 48°C for 15 s, and 72°C

for 1min. The final elongation step was set at 72°C for 5 min. All amplifications were

performed in Sensoquest lab cycler.

All amplicons were checked on 1.5% agarose gels (Biozyme Scientific, Germany) stained

with ethidium bromide. Bands were visualized in UV Trans-illuminator and gel extraction

of  correct  size  bands  was  done  using  Qquick  gel  extraction  kit  (QIAGEN,  Hilden

Germany)  following  manufacturer’s  protocol.  Sanger  sequencing  was  subsequently

performed  using  the  BigDye  Terminator  Cycle  Sequencing  Kit  (Applied  Biosystems,

Foster  City,  CA,  USA)  and  the  amplification  primers.  Sequencing  was  performed  at

Seqlab Sequence Laboratories (Microsynth, Göttingen, Germany). Manual checking and

correction of nucleotide sequences was done using SeaView version 4.7  (Gouy et  al.,

2009). Similarity comparison of the generated sequences with other orthologs available at

Genbank  was  performed  using  BLAST  search  tool

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). Sequence alignment of generated sequences and

phylogenetic analysis were performed using MEGA X.   Phylogenetic relationships were

inferred with the neighbor joining method using 1000 bootstrap replicates and by applying

the Kimura 2-parameter substitution model in MEGA X  (25).   

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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3.2.5.2 16s rRNA gene amplification and sequencing

To widen the scope of genetic characterization, we used a metataxonomic approach to

investigate the diversity of spirochaetes from the skin ulcer swabs  (26). The approach was

based on analyzing the  hypervariable  region (V4) of  the 16S rRNA gene.  We used a

method which was developed, validated and shown to be useful for characterization of

Treponema bacteria  to  a  near-species  level  (26).  Briefly,  PCR to amplify  a  ~  1450bp

fragment  of  the  16s  rRNA gene  covering  the  hypervariable  region  V1  to  V8  was

performed using spirochaete-selective primers, to enrich spirochaetal DNA in the samples.

Primers  used  were  F24  (5  -GAGTTTGATYMTGGCTCAG-3 )  and  M98ʹ ʹ

(5 -GTTACGACTTCACCCYCCT-3 ). ʹ ʹ The total reaction volume was 25 µl, composed of

12.5 µl  of  2  x PCR master  mix  Phusion Hot Start  II  High-Fidelity  DNA Polymerase

(Thermo Fisher Scientific), 9.5 µl of Microbial DNA-free water (Qiagen GmbH) and 1.0

µl  of  each  primer  (0.5  mM  each,  Metabion)  and  1.0  µl  of  template.  PCR  cycling

conditions comprised of a pre-denaturation step of 30 s at 98°C, followed by 35 cycles of

98°C for 10 s, 57°C for 15 s and 72°C for 120 s, and a final 10 min extension step at 72°C.

A 16S rRNA amplification control sample (blank controls; Microbial DNA-Free water)

was included.

Thereafter, a two-step PCR for re-amplification of the V4 region and sample preparation

for sequencing on Illumina’s  Miseq sequencr  was performed.  In the first  step,  the V4

region of 16S rRNA gene was amplified using TruSeq adapter tailed universal primers

515F and 806R. The TruSeq adapter tailed primers were composed of universal primers

targeting  the  V4  region  followed  by  a  linker  and  TruSeq  adapter  [515F-TrueSeq

(5 ACACTCTTTCCCTCCACGACGCTCTTCCGCTCTGTGTGCCAGCMGCCGCGGTʹ

AA-3 )  and  806R-TruSeqʹ

(5 GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCCCGGACTACHVGGGTWTCTʹ
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AAT3 )ʹ ]. The total reaction volume was 25 µl, composed of 12.5 µl of 2 x PCR master

mix Phusion Hot Start II High-Fidelity DNA Polymerase (Thermo Fisher Scientific), 9.5

µl  of  Microbial  DNA-free water  (Qiagen GmbH), 1.0 µl  of  each primer targeting V4

region (0.5 mM each, Metabion) and 1.0 µl of product of spirochete DNA enrichment

step. PCR cycling conditions were: a pre-denaturation step of 30 s at 98°C, followed by 20

cycles of 98°C for 10 s, 55°C for 15 s and 72°C for 60 s, and a final 10 min extension step

at  72°C.  The  blank  control  of  the  enrichment  step  was  included  as  a  16S  rDNA

amplification control. 

In the second step, we performed an indexing reaction whereby sample specific Illumina

indices (i7 and i5) and flow cell adapters were added to each amplicon. We used indexing

primers  P5  (50  AATGATACGGCGACCACCGAG  ATCTACAC  -  [i5-INDEX]  -

ACACTCTTTCCCTACACGACGCTC-30)  and  P7  (50-

CAAGCAGAAGACGGCATACGAGAT-  [i7-INDEX]  -  GTGACTGGAGTTCAGAC

GTGT-30). The reaction volume was 50 µl, composed of 2.0 µl of PCR product from the

first step, 15.0 µl of 2 x KAPA HiFi HotStart ReadyMix (KAPA Biosystems), 21.0 µl of

Microbial  DNA-Free water  (Qiagen GmbH), and 1.0 µl  of each 0.5mM Truseq index

primer (Metabion).  For  this  reaction we used the following cycling conditions;  a  pre-

denaturation step of 3 min at 98°C, followed by 8 cycles of 98°C for 20 s, 62°C for 30s

and 72°C for 30s. The final elongation step was set at 72°C for 5min. The blank control

from the first step was included to monitor for contamination. 

After the indexing reaction, all amplicons were purified using 0.7 x AMPure XP beads

(Beckman  Coulter),  and  quantified  using  the  Qubit  2.0  Fluorometer  (Thermo  Fisher

Scientific).  The amplicon integrity was verified using the BioAnalyzer 2000 (Agilent).

The  2  x  250  bp  paired-end  sequencing  (Illumina  V2  chemistry)  was  performed  on
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Illumina Miseq platform at the Transcriptome and Genome Analysis Laboratory at  the

University of Goettingen, Germany. 

Initial pre-processing and quality control of generated sequences was performed according

to the MiSeq SOP. Thereafter, raw reads were processed using mothur software package

version  1.41.1.  Briefly,  processing  involved  contigs  assembly,  trimming  and  filtering

sequences with ambiguous base calls, filtering identical sequences, alignment of resulting

sequences  to the SILVA bacterial  reference database.  Poorly aligned and non-bacterial

sequences  were  removed.  The  remaining  sequences  were  classified  using  Bayesian

classifier,  and  OTUs  were  assigned  based  on  distance  threshold  of  0.03.  Sequences

classified to the genus  Treponema, together with sequences from bacteria species of the

genus  Treponema extracted from GenBank, were used to create a database. Using this

database, the taxonomy of the filtered sequences was classified to the species level using

the classify.otu command in mothur software.  Subsequent phylogenetic analysis  of the

classified OTUs in relation to other species of the genus Treponema was performed using

Geneious  software  version  2.12.  Phylogenetic  relationships  were  inferred  using  the

neighbor joining method; evolutionary distances were calculated using the Jukes Cantor

model with 1000 bootstrap replications. 

3.3 Results

3.3.1 Demographic characteristics 

A total of 121 swab samples were collected from 74 children aged 6 – 14 years (figure3.1).

Majority were males [n = 55 (75%),  mean age = 10.6 ±2.2 (mean±SD)], while females

were fewer [n =19 (25%), mean age = 11.2 ±1.8 (mean±SD)]. All children lived in villages

that are close to TNP or LMNP. 
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Figure 3. 1: A summary of study procedures and results 

Figure 1: khkjgk
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3.3.2 Classic PCR and Sanger sequencing results

The polA gene amplified in swab samples from 55 out of 74 (74.3%) children. Generated

sequences matched with T. Pallidum on Genbank. The Tp0619 gene was detected in swab

samples from 39 out of 74 (52.7%) children. Generated sequences matched with TPE and

TEN bacteria on Genbank. These sequences differed from TPA sequences at ≥ 73 positions

(appendix  3).  In  the  phylogenetic  analysis,  these  sequences  clustered  with  other  TPE

sequences from human and NHPs, and human TEN sequences (figure 3.2). 

The TpFB0488 gene was detected in samples from one child. On Genbank, the respective

sequence matched with that of TPE strains. Tp0548 and H. ducreyi were not detected in

any of the samples. Representative gel images are attached in Appendix 4.



44

Figure 3. 2: Phylogenetic  tree  of  the  Tp0619  gene  between  human  TPA (blue),

human  TPE/TEN  (purple),  non-human  primates  TPE  from  Lake

Manyara national Park (red), all from Genbank and sequences from

Tarangire-Manyara  ecosystem (green)  generated in  this  study.   The

percentage  of  replicate  trees  in  which  the  associated  taxa  clustered

together in the bootstrap test (1000 replicates) are shown next to the

branches. The tree is drawn to scale, with branch lengths in the same

units  as  those  of  the  evolutionary  distances  used  to  infer  the

phylogenetic tree
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3.3.3 Results of the metataxonomic analysis

Due  to  resource  limitations,  the  metataxonomic  approach  to  investigate  treponemal

diversity  was  performed  on  five  samples,  which  were  positive  for  the  Tp0619  gene.

Sequences classified to the genus Treponema, were detected in two out of five analyzed

samples (figure 3.3 and 3.4). These sequences were classified to the species level, and the

resulting OTUs were subject to phylogenetic analysis along with other Treponema species.

In the phylogenetic  tree,  assigned OTUs of  these sequences  clustered separately  from

other Treponema species (Figure 3.5). 

Figure 3. 3: Percentage  distribution  of  different  bacteria  genera  detected  from

sample #197, by amplifying and sequencing the v4 region 16s rRNA

gene.  In  this  sample,  22% of  bacteria  detected belong to  the  genus

Treponema, with 63.15% confidence

Sample #197
Genus: Treponema 
Confidence: 63.15%  
Sequence count: 35309
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Figure 3. 4: Percentage  distribution  of  different  bacteria  genera  detected  from

sample  224,  by amplifying and sequencing the  v4  region  16s  rRNA

gene.  In  this  sample,  16% of  bacteria  detected belong to  the  genus

Treponema, with 98.5% confidence. 

Sample #224
Genus: Treponema 
Confidence: 98.5%  
Sequence count: 23853
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Figure 3. 5: The  phylogenetic  tree  involving  different  published  sequences  of

Treponema species and sequences of the genus Treponema detected in

this study using the V4 region of the 16S rRNA gene. Red circles are

around sequences from this study, while the green circle is around T.

pallidum along  with  Treponema paraluisleporidarum species.  Other

Treponema species  are  unmarked.  Bootstrap  support  are  shown  as

percentages next to branches. 
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3.4 Discussion

Skin ulcers can be caused by a myriad of causes, infectious and non-infectious. In this

study, we investigated for some of the infectious causes, treponemes, other spirochaetes

and H. ducreyi. In classical PCRs, the polA gene was amplified in 73.3% of the samples,

the Tp0619 in 52.7% of the samples, the TpFB0488 was only amplified in one sample,

while the Tp0548 gene was not detected in any of the samples. The  polA gene target is

useful  for  detecting  bacteria  of  the  species  T.  Pallidum and  Treponema

paraluisleporidarum,  the  latter  does,  however,  not  infect  humans.  For  detecting  T.

pallidum bacteria, this gene target was shown to have sensitivity of 95.8% and specificity

of 95.7% when compared to multiplex PCR test for  H. ducreyi,  T. pallidum and Herpes

simplex  virus  (22).  The  gene  targets  Tp0619  is  useful  for  differentiation  of  TPA and

TPE/TEN subspecies while the TpFB0488 gene is useful for differentiation of  TPE and

TEN subspecies  (7). The Tp0548 gene target is useful for strain typing of  T. pallidum

strains (27). 

The classical PCR results show that some of these gene targets were detected, while some

were not. The detected gene targets matched with  TPE on Genbank. Furthermore, these

children did not have treponemal antibodies. We can therefore rule out  TPE infection in

those  children,  although  the  molecular  data  suggest  the  presence  of  a  bacterium that

contains  T. pallidum-orthologue genes. Further analysis to isolate and study the whole

genome of any Treponema species present in the samples would shed more light into the

nature of the organism (s) including whether it is pathogenic or not, and its host range.

However, sample contamination needs to be excluded and further studies are warranted to

investigate the diversity of  Treponema sp. in humans,  animals and the environment in

Tanzania. 
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Again, authors considered the possibility of contamination affecting these results. Classic

PCRs described here  have  been performed  in  the  same laboratory  before  in  previous

studies. However the 16S rRNA has not been performed before in the same laboratory.

Nevertheless, precautions were taken during laboratory work to avoid contamination from

the  outside  or  between  samples  such  as  laminar  airflow in  the  workbenches,  cabinet

sterilization with UV light before and after work, separate master mix and DNA room,

equipment and lab coats were not shared between rooms. 

Sampled children live in Tarangire-Manyara ecosystem, an area where large proportion of

sampled NHPs were infected with the human yaws causing bacterium. Infected NHPs do

present with skin ulcers which are highly contagious, teeming with infectious treponemes.

Infection can happen when humans come into skin to skin contact with infectious lesions.

Cuts or ulcers facilitate entry of treponemes into the body. Contact can most likely occur

through bush meat hunting.  Alternatively, vectors such as necrophagus flies have been

implicated as potential  vectors of treponemes  (21). However, results  from a sample of

children with skin ulcers in this  area indicate  that  they are not infected with the  TPE

bacteria which is abundant in infected NHPs in their neighborhood. This could be due to

genetic differences between the NHP TPE strains and human TPE strains which make the

NHP  TPE strains  non-pathogenic  to  humans.  Similar  phenomenon  has  been observed

between  human  and  rabbit  syphilis  bacteria,  T.  Palliudm  and  T.  paraluisleporidarum,

respectively. The genomes of these two bacteria differ by 2%, and this difference makes

the rabbit syphilis bacteria non-pathogenic to humans (28). 

Children with skin ulcers  from other  developing countries  such as  Ghana,  Papua new

Guinea show that infection with  H. ducreyi is common (15). However, that was not the

case in our study since none of the sampled children had H. ducreyi infection. 
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3.5 Conclusion 

Using a metataxonomic approach, we detected Treponema species which has T. pallidum

orthologue genes from the skin ulcers of children living in Tarangire-Manyara ecosystem.

Further  studies  are  required  to  test  more  children,  study  the  genome  of  the  detected

organism(s) to establish whether they are pathogenic, and to establish their host range.

Furthermore,  despite  presence  of  NHPs  infected  with  TPE bacteria  in  an  area  with

increasing  human-wildlife  interface,  TPE  bacteria  were  not  detected  among  sampled

children with skin ulcers in this area. 

3.6 List of Abbreviations

WHO World Health Organization
NHP Non Human Primate 
DPZ German Primate Center
TPA Treponema pallidum pallidum
TPE Treponema pallidum pertenue 
TEN Treponema pallidum endemicum 
PCR Polymerase Chain Reaction 
DNA Deoxyribonucleic Acid
MEGA Molecular Evolutionary Genetics Analysis
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CHAPTER FOUR

4.0 GENERAL DISCUSSION 

The WHO targets to eradicate yaws globally by the year 2030 (WHO, 2019b). In 1978,

Tanzania reported 77 yaws cases to the WHO (WHO, 1984), a significant decline from

approximately 70,000 cases reported in the 1950s (Hackett, 1953). The decline in reported
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yaws cases from Tanzania was most likely the effect of the first yaws global eradication

campaign. Since then however, no other cases have been reported. It is not clear whether

Tanzania  and  86  other  previously  endemic  countries,  have  eliminated  yaws  or  not

(Fitzpatrick et al., 2018). The recent re-emergence of yaws in some countries in Africa and

Oceania  prompted  the  WHO to  launch  a  second eradication  campaign  (WHO, 2012).

However, a recent description of NHPs infection with T.pallidum pertenue strains (Knauf

et al., 2018), prompts the question whether NHPs are a reservoir for human yaws, and

how this might influence yaws eradication strategies. Given the close genetic similarity

between T.pallidum pertenue strains infecting humans and NHPs, there is a possibility of

transmission between humans and NHPs, especially at the NHP-human interface in areas

with a high proportion of infected primates. In humans, yaws is commonly a childhood

illness,  presenting with skin lesions in the primary and secondary stages (Mitja  et al.,

2013;  Giacani  and  Lukehart,  2014).  This  study  therefore  screened  children  with  skin

ulcers  living  close  to  two  known  hotspots  for  NHP  T.pallidum  pertenue infection  in

Tanzania; Tarangire and Lake Manyara National Parks, for the presence of yaws using

serological and molecular methods. 

Out  of  161  children  who  were  tested  by  RPR  and  TPPA,  none  had  non-treponemal

antibodies  while  two  (1.2%)  had  antibodies  against  T.pallidum,  respectively.  Similar

serological  findings  were  reported  in  rural  Kilimanjaro  area  in  northern  Tanzania

(Klouman et al., 1997), where the prevalence of anti-T.pallidum antibodies among school

aged children was 6.4% among girls  and 1.1% among boys.  Klouman and colleagues

argue that this is most likely syphilis transmitted through sexual abuse, because of the

higher prevalence among girls compared to boys, and also lack of association between

children’s and parents’ sero-status. In this study, the T. pallidum antibodies were detected

in  7  and 13 year  old  boys,  were  most  likely  due  to  syphilis  which  was  treated  with
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antibiotics. However, there is a less likely possibility that these children had a history of

yaws, which was treated and the current ulcers were of a different cause. Serological tests

cannot  distinguish  the  T.pallidum subspecies;  subspecies  pertenue  (yaws),  subspecies

pallidum (syphilis) and subspecies endemicum (bejel), however, serology has been shown

to be a useful tool for mass screening of yaws as recommended in the Morges strategy for

global yaws eradication (WHO, 2012).

Majority of skin ulcers observed among children in this study were not typical for yaws as

described  in  the  WHO  booklet  for  community  recognition  of  yaws  (WHO,  2014).

Following analysis  of  swab samples  from skin ulcers  of  75 children  using  qualitative

PCRs and Sanger  sequencing,  T.pallidum pertenue genes  were  detected.  Upon further

investigation using a metataxonomic approach involving the 16s rRNA gene and high

throughput sequencing, the detected sequences were classified into the genus Treponema.

These sequences however, did not classify with any of the currently known species of the

genus Treponema. This suggests that the skin ulcers had previously unclassified bacteria

with T.pallidum pertenue -orthologue genes. Therefore, combined clinical, serological and

molecular findings from this study suggest that yaws is currently not a major public health

concern in the Tarangire-Manyara ecosystem. However, if human yaws was present in the

Tarangire-Manyara  ecosystem,  its  true  prevalence  was  below  3.8%  (based  on  TPPA

results) and 1.84% (based on results of the RPR assay), with an error probability of 0.05. 

The  detected  bacteria  with  T.pallidum  pertenue-orthologue  genes  could  be  some

unclassified pathogenic or non-pathogenic human treponemes from the environment, or

could be a number of Treponema species from the grastro-intestinal-tract of livestock,

whereby children are exposed to through possible contamination of their skin ulcers with

livestock excrements. In this study, 84 (45.2%) of interviewed children reported that their

families keep livestock. However, further investigations are needed to elucidate the nature



58

of these bacteria, including whether they are pathogenic or not, and their host range. More

investigations should also focus on the diversity of Treponema species in humans, animals

and the environment in Tanzania. 

Majority  of  the  skin  ulcers  observed  in  this  study were  located  in  lower  extremities,

caused by various physical injuries, and boys were more likely to have ulcers compared to

girls. A significant proportion (n=78/186) of these ulcers however occurred spontaneously,

starting as a papule and later developing into an ulcer. This study cannot conclude whether

the detected bacteria are the primary cause of these skin ulcers due to limited knowledge

on the  nature  of  these  bacteria.  It  was  observed that  majority  of  the  ulcers  were  not

protected from the environment and were not cleaned, hence they were infected; teeming

with pus,  painful,  foul  smelling,  swollen or had delayed healing.  Unchecked infection

could  lead  to  more  serious  conditions  such  as  osteomyelitis  which  carries  a  risk  of

permanent disability. Additionally, Haemophilus ducreyi is a common cause of skin ulcers

in children  and a  major  differential  diagnosis  for  human yaws infection (Mitjà  et  al.,

2014). However, in this study all tested children were negative for Haemophilus ducreyii.

Further investigations into the cause and prevention of skin ulcers among children are of

public health interest. 

The WHO targets to eradicate yaws by 2030 (WHO, 2019b). So far, of the countries that

have a history of yaws, only India has been certified free of yaws (Jain et al., 2014), while

Ecuador  has  reported  interruption  of  yaws  transmission,  pending  verification  and

certification  (Anselmi  et  al.,  2003).  In  Tanzania,  yaws  was  historically  reported  from

almost the whole country; in the north among Maasai, Hadzabe and nearby communities,

in the south in  Songea (Turshen,  1977),  in the west  along Lake Tanganyika (Hackett,

1953),  and  in  the  east  in  Tanga,  Newala  and  Lindi  (Howard,  1915).  This  study  was
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conducted in the north among Maasai and non-Maasai rural communities. We found skin

ulcers  to  be  a  common  occurrence  but  there  was  no  serological  evidence  of  yaws.

Research  is  warranted  in  the  remaining  areas  to  identify  if  any  hotspots  of  infection

remain, and if possible certify the country free of yaws.

4.1 CONCLUSION AND RECOMMENDATIONS 

4.1.1 Conclusion 

From this study, it can be concluded that: 

i. There is no serological evidence of Treponema pallidum pertenue among children

with skin ulcers in Tarangire-Manyara ecosystem. 

ii. Using  molecular  methods,  a  bacterium  with  Treponema  pallidum  pertenue-

orthologue genes was detected from skin ulcers of children in Tarangire-Manyara

ecosystem. 

iii. Majority of skin ulcers were septic and located on the lower limbs. 

iv. Bush meat hunting practices were associated with increased chances of physical

contact with NHPs, therefore, there is a risk of transmission of various pathogens

between humans and NHPs. 

4.1.2 Recommendations 

From the conclusions drawn, it is therefore recommended that:

i. Further studies be carried out to investigate the nature of the organism (s) detected

from the skin ulcers, including their pathogenicity and host range. 

ii. T.pallidum  pertenue was  not  detected  in  these  children,  further  investigations

should focus on the causes and possible prevention methods of skin ulcers among

children. 
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iii. Basic wound care methods should be taught and encouraged among children in

primary schools.

REFERENCES 

Anselmi, M., Moreira, J., Caicedo, C., Guderian, R. and Tognoni, G. (2003). Community

Participation  Eliminates  Yaws  in  Ecuador.  Tropical  Medicine  and

International Health 8(7):634–638. 

Antal, G. M., Lukehart, S. A. and Meheus, A. Z. (2002). The endemic treponematoses.

Microbes and Infection 4(1):83–94.



61

Asiedu, K., Fitzpatrick, C. and Jannin, J. (2014). Eradication of Yaws: Historical Efforts

and  Achieving  WHO’s  2020  Target.  PLoS  Neglected  Tropical  Diseases

8(9):e3016. 

Čejková, D., Zobaníková, M., Chen, L., Pospíšilová, P., Strouhal, M., Qin, X., Mikalová,

L., Norris, S. J.,  Muzny, D. M., Gibbs, R. A., Fulton, L. L., Sodergren, E.,

Weinstock, G. M. and Šmajs, D. (2012). Whole Genome Sequences of Three

Treponema pallidum ssp.  pertenue  Strains:  Yaws  and  Syphilis  Treponemes

Differ in Less than 0.2% of the Genome Sequence. PLOS Neglected Tropical

Diseases 6(1): e1471.

Centurion-Lara,  A.,  Castro,  C.,  Shaffer,  J.  M.,  Van Voorhis,  W. C.,  Marra,  C.  M. and

Lukehart,  S.  A.  (1997).  Detection  of  Treponema  pallidum  by  a  sensitive

reverse transcriptase PCR. Journal of Clinical Microbiology 35(6):1348–1352.

Centurion-Lara, A., Giacani, L., Godornes, C., Molini, B., Reid, T. B. and Lukehart, S. A.

(2013).  Fine  analysis  of  Genetic  Diversity  of  the  tpr  Gene  Family  among

Treponemal  species,  subspecies  and  strains.  PLoS  Neglected  Tropical

Diseases 7(5):e2222.

Centurion-Lara, A., Molini, B. J., Godornes, C., Sun, E., Hevner, K., Van Voorhis, W. C.

and Lukehart, S. A. (2006). Molecular differentiation of Treponema pallidum

subspecies. Journal of Clinical Microbiology 44(9):3377–3380.

Chuma, I. S., Batamuzi, E. K., Collins, D. A., Fyumagwa, R. D., Hallmaier-Wacker, L. K.,

Kazwala, R. R., Keyyu, J. D., Lejora, I. A., Lipende, I. F., Lüert, S., Paciência, 

F. M. D., Piel, A., Stewart, F. A., Zinner, D., Roos, C. and Knauf, S. (2018). 



62

Widespread treponema pallidum infection in nonhuman primates, Tanzania. 

Emerging Infectious Diseases 24(6):1002–1009. 

Csonka,  G.  W. (1953).  Clinical  aspects  of  bejel.  British Journal  of  Venereal  Diseases

29(2):95-103.

Dyson, L., Mooring, E. Q., Holmes, A., Tildesley, M, J. and Marks, M. (2019). Insights

from  Quantitative  and  Mathematical  Modelling  on  the  Proposed  2030

Goals for Yaws. Gates Open Research 3:1576. 

Edmondson, D. G., Hu, B. and Norris, S. J. (2018). Long-Term In Vitro Culture of the

Syphilis  Spirochete  Treponema  pallidum  subsp.  pallidum.  mBio 9(3):e01

153-18. 

Engelkens, H. J., Judanarso, J., Oranje, A. P., Vuzevski, V. D., Niemel, P. L., van der Sluis,

J. J. and Stolz, E. (1991). Endemic treponematoses. Part I. Yaws. International

Journal of Dermatology 30(2):77–83. 

Farnsworth, N. and Rosen, T. (2006). Endemic treponematosis: review and update. Clinics

in Dermatology 24(3):181–190.

Fitzgerald, T. J., Repesh, L. A., Blanco, D. R. and Miller, J. N. (1984). Attachment of

Treponema pallidum to fibronectin, laminin, collagen IV, and collagen I, and

blockage  of  attachment  by  immune  rabbit  IgG.  Sexually  Transmitted

Infections 60(6):357–363.



63

Fitzpatrick, C., Asiedu, K., Solomon, A. W., Mitja, O., Marks, M., Van der Stuyft, P. and

Meheus, F. (2018). Prioritizing surveillance activities for certification of yaws

eradication based on a review and model of historical case reporting.  PLoS

Neglected Tropical Diseases 12(12):e0006953.

Fraser, C. M., Norris, S. J., Weinstock, G. M., White, O., Sutton, G. G., Dodson, Gwinn,

M., Hickey, E. K., Clayton, R. and Ketchum, K. A. (1998). Complete genome

sequence  of  Treponema  pallidum,  the  syphilis  spirochete.  Science

281(5375):375–388.

Gerstl, S., Kiwila, G., Dhorda, M., Lonlas, S., Myatt, M., Ilunga, B. K., Lemasson, D., 

Szumilin, E., Guerin, P. J. and Ferradini, L. (2009). Prevalence study of yaws 

in the Democratic Republic of Congo using the Lot Quality Assurance 

Sampling method. PLoS ONE 4(7):e6338. 

Giacani,  L.  and  Lukehart,  A.  (2014).  The  Endemic  Treponematoses.  Clinical

Microbiology Reviews 27(1):89–115. 

Gip, L. S. (1989). Yaws revisited. Medical Journal of Malaysia 44(4):307–311.

Hackett, C J. (1984). On the epidemiology of yaws in African miners (1942). Transactions

of the Royal Society of Tropical Medicine and Hygiene 78(4):536–538.

Hackett, C. J. (1946). The clinical course of yaws in Lango, Uganda. Transactions of the

Royal Society of Tropical Medicine and Hygiene 40(3):205–227.



64

Hackett, C. J. (1953). Extent and Nature of the Yaws Problem in Africa.  Bulletin of the

World Health Organization 8(1–3):127–182. 

Howard, R. (1915). The Importance of Tertiary Yaws. Journal of Tropical Medicine and

Hygiene 18(3):25–27.

Jain, S. K., Thomas, T. G., Bora, D. and Venkatesh, S. (2014). Eradicating Yaws from

India: A Summary. Journal of Communicable Diseases 46(3):1-9. 

Klouman, E., Masenga, E. J. and Sam, N. E. (1997). Serological Markers for Treponemal

Infection in Children in Rural Kilimanjaro, Tanzania: Evidence of Syphilis

or  Non-Venereal  Treponematoses?  Sexually  Transmitted  Infections

73(6):522-527.  

Knauf, S., Gogarten, J. F., Schuenemann, V. J., De Nys, H. M., Düx, A., Strouhal, M.,

Mikalová,  L., Bos, K. I.,  Armstrong, R., Batamuzi, E.  K., Chuma, I.  S.,

Davoust, B.,  Diatta, G., Fyumagwa, R. D.,  Kazwala, R. R., Keyyu, J. D.,

Lejora, I. A. V., Levasseur, A., Liu, H., Mayhew, M. A., Mediannikov, O.,

Didier Raoult, D., Roman M. Wittig, Roos, C., Leendertz, F. H., Šmajs, D.,

Nieselt,  K.,  Krause,  J.  and  Calvignac-Spencer,  S.  (2018).  “Nonhuman

Primates across Sub-Saharan Africa Are Infected with the Yaws Bacterium

Treponema Pallidum Subsp. Pertenue.” Emerging Microbes and Infections

7(1):1–4.

Koff, A. B. and Rosen, T. (1993). Nonvenereal treponematoses: yaws, endemic syphilis,

and pinta. Journal of the American Academy of Dermatology 29(4):519–535.



65

Koike, T., Sueishi, M., Funaki, H., Tomioka, H. and Yoshida, S. (1984). Anti-phospholipid

antibodies and biological false positive serological test for syphilis in patients

with systemic lupus erythematosus.  Clinical  and Experimental Immunology

56(1):193-199.

Korenromp, E. L., Rowley, J., Alonso, M., Mello, M. B., Wijesooriya, N.S., Mahiane, S.

G., Ishikawa, N., Le, L., Newman-owiredu, M., Nagelkerke, N., Newman, L.,

Kamb, M., Broutet, N. and Taylor M.M. (2019). Global burden of maternal

and congenital syphilis and associated adverse birth outcomes-estimates for

2016 and progress since 2012. PLoS ONE 14(2): e0211720. 

LaFond,  R.  E.  and  Lukehart,  S.  A.  (2006).  Biological  basis  for  syphilis.  Clinical

Microbiology Reviews 19(1):29–49.

Lee, K. H., Choi, H. J., Lee, M. G. and Lee, J. B. (2000). Virulent Treponema pallidum 47

kDa antigen regulates the expression of cell adhesion molecules and binding

of T-lymphocytes to cultured human dermal microvascular endothelial cells.

Yonsei Medical Journal 41(5):623–633.

Lin, S. (2006). The clinical and the X-ray diagnosis of the bone yaws disease.  Chinese

Journal of Radiology 40(4):414–416.

Liu, H., Rodes, B., Chen, C. Y. and Steiner, B. (2001). New tests for syphilis: Rational 

design of a PCR method for detection of Treponema pallidum in clinical 

specimens using unique regions of the DNA polymerase I gene. Journal of 

Clinical Microbiology 39(5):1941–1946. 



66

Mafart, B. (2002). Goundou: a historical form of yaws. The Lancet 360(9340):1168–1170.

Manning,  L.  A.  and  Ogle,  G.  D.  (2002).  Yaws  in  the  periurban  settlements  of  Port

Moresby,  Papua  New  Guinea.  Papua  New  Guinea  Medical  Journal

45(3/4):206–212.

Mikalová, L., Strouhal, M., Čejková, D., Zobaníková, M., Pospíšilová, P., Norris, S. J.,

Sodergren, E., Weinstock, G. M. and Šmajs, D. (2010). Genome analysis of

Treponema pallidum subsp. pallidum and subsp. pertenue strains: most of the

genetic differences are localized in six regions. PloS One 5(12):e15713.

Mitja, O., Asiedu, K. and Mabey, D. (2013). Yaws. The Lancet 381(9868):763–773.

Mitjà, O., Hays, R., Ipai, A., Penias, M., Paru, R., Fagaho, D., de Lazzari, E. and Bassat,

Q.  (2012).  Single-dose  azithromycin  versus  benzathine  benzylpenicillin  for

treatment  of  yaws  in  children  in  Papua  New  Guinea:  an  open-label,  non-

inferiority, randomised trial. The Lancet 379(9813):342–347.

Mitjà, O., Hays, R., Ipai, A., Wau, B. and Bassat, Q. (2011). Osteoperiostitis in early yaws:

case series and literature review. Clinical Infectious Diseases 52(6):771–774.

Mitjà, O., Hays, R., Lelngei, F., Laban, N., Ipai, A., Pakarui, S. and Bassat, Q. (2011).

Challenges in recognition and diagnosis of yaws in children in Papua New

Guinea.  The  American  Journal  of  Tropical  Medicine  and  Hygiene 85(1):

113–116.



67

Mitja, O., Kazadi, W. M., Asiedu, K. B. and Agana, N. (2014). Epidemiology of yaws: an

update. Clinical Epidemiology 6:119–128. 

Mitjà, O., Lukehart, S. A., Pokowas, G., Moses, P., Kapa, A., Godornes, C., Robson, J.,

Cherian, S., Houinei, W. and Walter Kazadi. (2014). “Haemophilus Ducreyi

as a Cause of Skin Ulcers in Children from a Yaws-Endemic Area of Papua

New  Guinea:  A Prospective  Cohort  Study.”  The  Lancet  Global  Health

2(4):e235–241.

Mitjà, O., Marks, M., Konan, D. J. P., Ayelo, G., Gonzalez-Beiras, C., Boua, B., Houinei,

W., Kobara, Y., Tabah, E. N., Nsiire, A., Obvala, D., Taleo, F., Djupuri, R.,

Zaixing, Z., Utzinger, J., Vestergaard, L. S., Bassat, Q. and Asiedu, K. (2015).

Global epidemiology of yaws: A systematic review. The Lancet Global Health

3(6):e324–e331. 

Mitja,  O.,  Šmajs,  D.  and  Bassat,  Q.  (2013).  Advances  in  the  diagnosis  of  endemic

treponematoses:  yaws,  bejel,  and  pinta.  PLoS  Neglected  Tropical  Diseases

7(10):e2283. 

Musher, D. M., Hague-Park, M., Gyorkey, F., Anderson, D. C. and Baughn, R. E. (1983).

The interaction between Treponema pallidum and human polymorphonuclear

leukocytes. Journal of Infectious Diseases 147(1):77–86.

Nandwani, R. and Evans, D. T. P. (1995). Are you sure it’s syphilis? A review of false

positive serology. International Journal of STD and AIDS 6(4):241–248.



68

Newman, L.,  Rowley, J.,  Vander Hoorn,  S.,  Wijesooriya,  N. S.,  Unemo, M., Low, N.,

Stevens,  G.,  Gottlieb,  S.,  Kiarie,  J.  and  Temmerman,  M.  (2015).  Global

Estimates  of  the  Prevalence  and  Incidence  of  Four  Curable  Sexually

Transmitted  Infections  in  2012  Based  on  Systematic  Review  and  Global

Reporting. PloS One 10(12):e0143304. 

Norgard, M. V, Arndt, L. L., Akins, D. R., Curetty, L. L., Harrich, D. A. and Radolf, J. D.

(1996).  Activation  of  human  monocytic  cells  by  Treponema  pallidum and

Borrelia  burgdorferi  lipoproteins  and  synthetic  lipopeptides  proceeds  via  a

pathway  distinct  from  that  of  lipopolysaccharide  but  involves  the

transcriptional  activator  NF-kappa  B.  Infection  and  Immunity 64(9):

3845–3852.

Pierce,  E.  F.  and  Katz,  K.  A.  (2011).  Darkfield  microscopy  for  point-of-care  syphilis

diagnosis. Medical Laboratory Observer 43:30–31. 

Radolf, J. D., Norgard, M. V, Brandt, M. E., Isaacs, R. D., Thompson, P. A. and Beutler, B.

(1991). Lipoproteins of Borrelia burgdorferi and Treponema pallidum activate

cachectin/tumor  necrosis  factor  synthesis.  Analysis  using  a  CAT  reporter

construct. The Journal of Immunology 147(6):1968–1974.

Radolf, J. D. (1996). Treponema. In Baron S, editor.  Medical Microbiology. 4th edition.

Galveston  (TX),  University  of  Texas  Medical  Branch:  chapter  36.

[https://www.ncbi.nlm.nih.gov/books/NBK7716/]  accessed  on  18th August

2019. 



69

Rinaldi, A. (2008). Yaws: A second (and maybe last?) chance for eradication. PLoS 

Neglected Tropical Diseases 2(8):e275. 

Rizk,  E.,  Garabedian,  G.,  Chaglassian,  H.  and  Pipkin,  A.  (1951).  Studies  on  the

treponemes  of  bejel.  I.  History,  morphologic  characteristics,  and  staining

properties. American Journal of Syphilis 35(3):201–206.

Román,  G.  C.  and  Román,  L.  N.  (1986).  Occurrence  of  congenital,  cardiovascular,

visceral, neurologic, and neuro-ophthalmologic complications in late yaws: a

theme for future research. Reviews of Infectious Diseases 8(5):760–770.

Rompalo, A. M., Cannon, R. O., Quinn, T. C. and Hook III, E. W. (1992). Association of

biologic false-positive reactions  for syphilis  with human immunodeficiency

virus infection. Journal of Infectious Diseases 165(6):1124–1126.

Rothschild,  B.  M.,  Hershkovitz,  I.  and  Rothschild,  C.  (1995).  Origin  of  yaws  in  the

Pleistocene. Nature 378(6555):343-344. 

Sehgal,  V.  N.  (1990).  Leg  ulcers  caused  by  yaws  and  endemic  syphilis.  Clinics  in

Dermatology 8(3–4):166–174.

Singh, A. E.  and Romanowski,  B. (1999).  Syphilis:  review with emphasis on clinical,

epidemiologic,  and  some  biologic  features.  Clinical  Microbiology  Reviews

12(2):187–209.



70

Smith, J. L., David, N. J., Indgin, S., Israel, C. W., Levine, B. M., Justice, J.,  Mccrary, J.,

Medina, R., Paez, P., Santana, E.,  Sarkar, M., Schatz, N. J., Spitzer, M. L.,

Spitzer, W. O., Walter, E. K. and Justice. J. (1971). Neuro-ophthalmological

study of late yaws and pinta. II. The Caracas project.  The British Journal of

Venereal Diseases 47(4):226–251.

Soreng, K., Levy, R. and Fakile, Y. (2014). Serologic testing for syphilis: benefits and

challenges  of  a  reverse  algorithm.  Clinical  Microbiology  Newsletter

36(24):195–202.

Štaudová, B., Strouhal, M., Zobaníková, M., Čejková, D., Fulton, L. L., Chen, L., Giacani,

L., Centurion-Lara, A.,  Bruisten, S. M., Sodergren, E., Weinstock, G. M. and

Šmajs, D. (2014). Whole Genome Sequence of the Treponema pallidum subsp.

endemicum Strain Bosnia A: The Genome Is Related to Yaws Treponemes but

Contains Few Loci Similar to Syphilis Treponemes. PLOS Neglected Tropical

Diseases 8(11):e3261.

Turshen,  M.  (1977).  “The  Impact  of  Colonialism  on  Health  and  Health  Services  in

Tanzania. International Journal of Health Services 7(1):7–35.

Turner, T. B., Hardy, P. H. and Newman, B. (1969). Infectivity tests in syphilis.  British

Journal of Venereal Diseases 45(3):183. 

WHO.  (1984).  Surveillance  on  Treponematoses.  Weekly  Epidemiological  records: pp.

377–380.



71

WHO.  (2014).  Yaws Recognition  booklet  for  communities.  Luxembourg.

[https://apps.who.int/iris/bitstream/handle/10665/75360/9789241504096_eng.

pdf] visited on 20th August 2019. 

WHO.  (2012).  Eradication  of  Yaws—the  Morges  Strategy.  Weekly  Epidemiological

Record= Relevé Épidémiologique Hebdomadaire 87(20):189–94.

WHO. (2019a).  Yaws Key facts.  Retrieved from [https://www.who.int/news-room/fact-

sheets/detail/yaws] visited on 20th August 2019. 

WHO.  (2019b).  “NTD  Roadmap  2021-2030.”  World  Health  Organization.

[https://www.who.int/neglected_diseases/news/NTD-Roadmap-targets-2021-

2030.pdf?ua=1]. Visited on 23rd August 2019. 

WHO. (2018a). Status of endemicity for yaws data by country. Global Health    

Observatory data repository   

[https://apps.who.int/gho/data/node.main.NTDYAWSEND] visited on 20th 

August 2019. 

WHO.  (2018b).  Results  of  the  2017  global  WHO  survey  on  yaws.  Weekly

Epidemiological Record 93(33):417–422.

Wiegand, S. E., Strobel, P. L. and Glassman, L. H. (1972). Electron microscopic anatomy

of  pathogenic  Treponema  pallidum.  Journal  of  Investigative  Dermatology,

58(4):186–204

https://apps.who.int/gho/data/node.main.NTDYAWSEND
https://apps.who.int/iris/bitstream/handle/10665/75360/9789241504096_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/75360/9789241504096_eng.pdf


72

APPENDICES

Appendix 1: Tp0619 alignment 
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Appendix 2: Gel images  

PolA PCR gel images. Expected product size = 390bp. 

Tp0619 PCR gel images. Expected product size = 700bp

TpFB0488 PCR gel images. Product size = 
830bp

H.ducreyi PCR gel images. Product size = 
309bp
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