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Abstract: African trypanosomes are parasites mainly transmitted by tsetse flies. They cause
trypanosomiasis in humans (HAT) and animals (AAT). In Chad, HAT/AAT are endemic.
This study investigates the diversity and distribution of trypanosomes in Mandoul, an
isolated area where a tsetse control campaign is ongoing, and Maro, an area bordering
the Central African Republic (CAR) where the control had not started.
717 humans and 540 cattle blood samples were collected, and 177 tsetse flies were
caught. Trypanosomal DNA was detected using PCR targeting internal transcribed
spacer 1 (ITS1) and glycosomal glyceraldehyde-3 phosphate dehydrogenase (
gGAPDH  ), followed by amplicon sequencing.
Trypanosomal DNA was identified in 14 human samples, 227 cattle samples, and in
tsetse. Besides  T. b. gambiense  ,  T. congolense  was detected in human in Maro. In
Mandoul, DNA from an unknown  Trypanosoma sp.  -129-H was detected in a human
with a history of a cured HAT infection and persisting symptoms. In cattle and tsetse
samples from Maro,  T. godfreyi  and  T. grayi  were detected besides the known
animal pathogens, in addition to  T. theileri  (in cattle) and  T. simiae  (in tsetse).
Furthermore, in Maro, evidence for additional unknown trypanosomes was obtained in
tsetse. In contrast, in the Mandoul area, only  T. theileri  ,  T. simiae  , and  T. vivax
DNA was identified in cattle. Genetic diversity was most prominent in  T. vivax  and  T.
theileri.
Tsetse control activities in Mandoul reduced the tsetse population and thus the
pathogenic parasites. Nevertheless,  T. theileri, T. vivax  , and  T. simiae  are frequent
in cattle suggesting transmission by other insect vectors. In contrast, in Maro,
transhumance to/from CAR and no tsetse control may have led to the high diversity
and frequency of trypanosomes observed including HAT/AAT pathogenic species.
Active HAT infections stress the need to enforce monitoring and control campaigns.
Additionally, the diverse trypanosome species in humans and cattle indicate the
necessity to investigate the infectivity of the unknown trypanosomes regarding their
zoonotic potential. Finally, this study should be widened to other trypanosome hosts to
capture the whole diversity of circulating trypanosomes.
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Abstract 16 

Background 17 

African trypanosomes are parasites mainly transmitted by tsetse flies. They cause trypanoso-18 

miasis in humans (HAT) and animals (AAT). In Chad, HAT/AAT are endemic. This study 19 

investigates the diversity and distribution of trypanosomes in Mandoul, an isolated area where 20 

a tsetse control campaign is ongoing, and Maro, an area bordering the Central African Repub-21 

lic (CAR) where the control had not started. 22 

Methods 23 

717 humans and 540 cattle blood samples were collected, and 177 tsetse flies were caught. 24 

Trypanosomal DNA was detected using PCR targeting internal transcribed spacer 1 (ITS1) 25 

and glycosomal glyceraldehyde-3 phosphate dehydrogenase (gGAPDH), followed by am-26 

plicon sequencing. 27 

Results 28 

Trypanosomal DNA was identified in 14 human samples, 227 cattle samples, and in tsetse. 29 

Besides T. b. gambiense, T. congolense was detected in human in Maro. In Mandoul, DNA 30 

from an unknown Trypanosoma sp.-129-H was detected in a human with a history of a cured 31 

HAT infection and persisting symptoms. In cattle and tsetse samples from Maro, T. godfreyi 32 

and T. grayi were detected besides the known animal pathogens, in addition to T. theileri (in 33 

cattle) and T. simiae (in tsetse). Furthermore, in Maro, evidence for additional unknown tryp-34 

anosomes was obtained in tsetse. In contrast, in the Mandoul area, only T. theileri, T. simiae, 35 

and T. vivax DNA was identified in cattle. Genetic diversity was most prominent in T. vivax 36 

and T. theileri. 37 

Conclusion 38 

Tsetse control activities in Mandoul reduced the tsetse population and thus the pathogenic 39 

parasites. Nevertheless, T. theileri, T. vivax, and T. simiae are frequent in cattle suggesting 40 
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transmission by other insect vectors. In contrast, in Maro, transhumance to/from CAR and no 41 

tsetse control may have led to the high diversity and frequency of trypanosomes observed in-42 

cluding HAT/AAT pathogenic species. Active HAT infections stress the need to enforce 43 

monitoring and control campaigns. Additionally, the diverse trypanosome species in humans 44 

and cattle indicate the necessity to investigate the infectivity of the unknown trypanosomes 45 

regarding their zoonotic potential. Finally, this study should be widened to other trypanosome 46 

hosts to capture the whole diversity of circulating trypanosomes. 47 

Keywords: Trypanosomes; molecular screening; diversity; distribution; zoonotic potential; 48 

Chad. 49 

Author summary 50 

Sleeping sickness (HAT) is a public health problem in 36 African countries. In Chad, 5 active 51 

foci are present in the Southern part. It is caused by trypanosomes, parasites causing disease 52 

in humans and livestock. Tsetse flies, the vectors of trypanosomes, declined in the Mandoul 53 

focus due to the impact of vector control coupled with active/passive screening and treatment 54 

campaigns. In the Maro focus, where such campaigns were absent during these surveys, HAT 55 

cases were reported recently. We carried out a study on circulating trypanosomes in humans, 56 

cattle and tsetse in these two foci. The results confirmed a reduction of the tsetse population 57 

and pathogenic trypanosomes of human and cattle in Mandoul. However, an unknown trypa-58 

nosome was identified in a human and high frequency of T. theileri (known as non-patho-59 

genic) was found in cattle. In contrast, in Maro, a high diversity of trypanosomes was ob-60 

served, including T. b. gambiense and T. congolense in humans and several unknown trypano-61 

somes in tsetse. These observations provide evidence of the circulating trypanosomes in the 62 

area that recommend widening the investigation to other mammalian hosts and mechanical 63 

vectors and considering and monitoring a possible zoonotic potential with the unknown trypa-64 

nosome and T. congolense in humans. 65 

Introduction 66 

Human African Trypanosomiasis (HAT), known as Sleeping Sickness, and Animal African 67 

Trypanosomiasis (AAT), known as Nagana, are vector born parasitic diseases of humans and 68 

livestock caused by the transmission of extracellular protozoans of the genus Trypanosoma. 69 

In Central and West Africa, HAT is caused by T. brucei gambiense, leading to the chronic 70 

form, whereas in East and South Africa, it is caused by T. b. rhodesiense, leading to the acute 71 

form [1,2]. Millions of people in 36 sub-Saharan African countries are at different levels of 72 

risk of infection [3], and WHO had the final goal of sustainable HAT elimination (zero cases) 73 

by 2030. AAT occurs in ruminants, camels, equines, swine, and carnivores. The endemic dis-74 

ease severely reduces livestock productivity, and thus also the wealth of livestock farmers and 75 

the nutritional well-being of the entire population [4]. The disease is widely distributed across 76 

the tsetse-infested belt of the African continent, covering about 10 million km2. In this belt, 77 

approximately 60 million cattle are at risk of infection [5]. Otherwise, this tsetse-infested belt 78 

is known to be fertile land, well suited for agriculture and livestock production in Africa [6], 79 

[7]. 80 
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Based on their transmission paths, trypanosomes are divided into Salivaria and Stercoraria. 81 

Salivaria are transmitted in the saliva of the vector as it feeds on host blood, whereas Sterco-82 

raria are transmitted through vector feces. Among the Salivaria, T. vivax, T. congolense and T. 83 

b. brucei are the three most important species pathogenic for livestock and responsible for 84 

considerable production losses and morbidity [8]. Three subgenera have been defined in Sali-85 

varia trypanosomes: T. vivax belongs to the subgenus Duttonella; T. congolense, T. simiae 86 

and T. godfreyi [9] to Nannomonas; and T. brucei (with the sub-species T. b. brucei, T. b. 87 

gambiense and T. b. rhodesiense), T. evansi and T. equiperdum to Trypanozoon [10,11]. 88 

Members of the Stercoraria are the South American T. cruzi, the cosmopolitan T. melopha-89 

gium and T. theileri [12] and the African T. grayi [13]. Among the Stercoraria, T. theileri is a 90 

parasite of cattle with global distribution, often occurring with high incidence [14]. 91 

The main insect vectors of African trypanosomes are tsetse flies of the genus Glossina 92 

(Glossinidae: Diptera). However, the parasites can also be transmitted mechanically by other 93 

biting flies such as tabanids and Stomoxys [15], [16]. Other trypanosomes, as T. theileri, are 94 

mainly transmitted by tabanids. 95 

Chad is part of the trypanosomes endemic zone, with about 65 000 km2 in the southern part of 96 

the country being infested with tsetse flies [17]. However, the extension of the infested area is 97 

uncertain due to the lack of reliable recent survey data. In the endemic zone, agriculture activ-98 

ities are extensively practised, and after the rainy season, pastoralists looking for grass and 99 

crops residues for their livestock enter the area, often for more than 6 months. The general 100 

livestock census carried out in 2015 showed that Chad had more than 93 million cattle, sheep, 101 

goats, camels and equines [18]. Like agriculture, the livestock sector is one of the main con-102 

tributors to the economy of the country [19]. However, AAT has remained a major obstacle to 103 

its development, which employs more than 40% of the population [18]. Chad also faces the 104 

public health problem HAT. This is currently present in 5 well-known historical HAT foci 105 

Moïssala, Tapol, Goré, Mandoul, and Maro [20]. Mandoul and Maro are the most known ac-106 

tive foci, and there are still new cases notified [21]. The «Programme National de Lutte contre 107 

la Trypanosomiase Humaine Africaine» (PNLTHA) and «l’Institut de Recherche en Élevage 108 

pour le Développement» (IRED) with their partners such as FIND, WHO, IRD, LSTM, and 109 

PATTEC, are monitoring the disease in Mandoul and most recently in Maro. They are apply-110 

ing tsetse control, and human screenings for T. b. gambiense and treatment campaigns to re-111 

duce HAT infection risks. This includes usage of Tiny Targets [22], small blue-coloured pan-112 

els of cloths attracting tsetse, impregnated with insecticide and deployed along river banks 113 

where tsetse flies concentrate [23]. The HAT surveillance and tsetse control had started in the 114 

Mandoul focus in 2014 and are ongoing. The strategies effectively reduced the tsetse fly pop-115 

ulations and the HAT cases [22]. In contrast, in Maro, the campaigns did not yet start when 116 

this study was undertaken, and there was a resurgence of new cases.  117 

Animals may harbour the human pathogenic species, serving as a reservoir [24]. On the other 118 

hand, infections in humans with animal-pathogenic trypanosomes can occur in rare cases [25]. 119 

About 19 cases of atypical human trypanosomes (a-HT) [26], among them T. b. brucei, T. 120 

congolense, T. vivax, and T. evansi which are considered non-infective to humans, have been 121 

reported.  122 
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We aimed to investigate the circulating trypanosomes, including the occurrence of potentially 123 

zoonotic species in humans and livestock, and in their biological tsetse vector in two active 124 

HAT foci, Mandoul and Maro. Mandoul is an area with ongoing HAT surveillances and tsetse 125 

control operation, while no such activities were carried out at the time of the surveys in Maro. 126 

Taking advantage of the widely used molecular techniques, PCR-based methods targeting 127 

trypanosomal internal transcribed spacer I (ITS1) region [27], [28] and glycosomal glycer-128 

aldehyde-3-phosphate dehydrogenase (gGAPDH) gene combined with sequencing [29], [30], 129 

were used to identify trypanosome species in humans and cattle blood samples and tsetse fly 130 

tissues. In a time of ongoing tsetse control in Chad to reduce the risk of HAT and AAT infec-131 

tions, the study will contribute to the monitoring strategies, by providing the genetic diversity 132 

of circulating trypanosomes, on the way to achieve the goal of diseases elimination.  133 

Methods 134 

Study areas and ethics statements  135 

This study conducted on the distribution of trypanosomes in human, cattle and tsetse flies in 136 

Southern Chad was approved in December 2016 by the national bioethics committee under 137 

the number 585/PR/PM/MESRI/SEESRI/SG/2016. Detailed protocol and consent documents 138 

were submitted to the committee as well as wide information concerning the purpose of the 139 

study, provided to the targeted populations. Written consent was obtained from all partici-140 

pants, including those from parents of children under 18 years old. 141 

The Mandoul and Maro HAT foci are located in Southern Chad (Fig 1, S1 Text for details). 142 

As for the tsetse fly habitat, Mandoul represents an area where flies are restricted to the 143 

swamps formed at the southern limit of the Mandoul river. As the river flows northwards, the 144 

swamp deteriorates into a marshy habitat, unsuitable for tsetse. As a result, the population is 145 

isolated. Vector control operations with the annual deployment of Tiny Targets had started in 146 

2014 [22]. However, Maro is located in far Southern Chad (Fig 1). Many rivers and their mul-147 

tiple tributaries cross the focus; the most important is the Chari River and its analogous, the 148 

Grand Sido, which mark the border with CAR. Tsetse fly habitat is configured by the thin riv-149 

erine vegetation along the banks of the rivers. Vector control operations had started in the 150 

Chadian part in 2018 [21], with annual deployments of Tiny Targets, after conducted most of 151 

these surveys. No similar operations have been implemented across the border. 152 

Fig 1. Map showing humans and cattle sampling sites and tsetse trapping spots in the 153 

Mandoul and the Maro foci in Southern Chad. Map adapted from A. M. Nour, 2019 [31]. 154 

Human surveys 155 

Surveys were conducted in February 2017, March, and June 2018. In each surveyed area, 156 

eight randomly selected villages were visited and a military camp included at the request of 157 

its inhabitants. In order to proceed with the selection, households were numbered and drawn 158 

for participation. A chosen household included all its members automatically. The number of 159 

households and participants surveyed per village depended on its population and the individu-160 

als who consent for participation. However, we collected no blood from children under five 161 

years old.  162 
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The open-source Epidemiologic statistics for public health software Version 3.01 163 

(http://www.openepi.com/SampleSize/SSPropor.htm) was used to estimate the human sample 164 

size that should be included in the survey. Based on the estimated population recorded from 165 

the institutions in charge of HAT control in Chad which were published later, the Mandoul 166 

focus includes 114 human settlements with 38 674 inhabitants [22]. In comparison, Maro had 167 

45 settlements with 14 532 inhabitants in 2017 [21]. The present study used these numbers as 168 

the total populations from which the sample sizes were calculated. With an accepted margin 169 

of error of 5% and 95% confidence interval, the sample sizes required were 381 in the Man-170 

doul and 375 in the Maro. 171 

Cattle surveys 172 

We surveyed the cattle in January, March, June, and November 2018. Sedentary villages, semi-173 

nomadic camps, a nomadic settlement, and a refugee camp were included. Six out of the nine 174 

villages selected were the same as those included in the human survey. Representative cattle, 175 

from each herd, randomly chosen, were included in this study. Though we strived from random 176 

selection, the animals were partly chosen by the herdsmen themselves, presenting animals ex-177 

hibiting symptoms rather than healthy animals. Similar to that of humans, the open-source Ep-178 

idemiologic statistics for public health Version 3.01 was used to estimate the sample size of the 179 

study. Mandoul has about 14 000 cattle [32], while Maro has over 55 000 [33]. With an accepted 180 

margin of error of 5% and 95% confidence interval, the sample sizes required were 374 for 181 

Mandoul and 382 for Maro. 182 

The questionnaires were filled during the survey. They addressed the number of animals in 183 

the herd, the breeding system, breeds, source of water and nutritional support, health status 184 

including symptoms, morbidity and mortality, animal vaccinal status, sex, age of the animals 185 

and the herdsmen's education level. Each herdsman answered questionnaires with the support 186 

of a local translator on the same day of blood collection. 187 

Human and cattle blood collection and processing 188 

About 5 to 7 mL of blood was collected from the radial vein (venipuncture) of each human 189 

participant using vacutainer butterfly needles. 7 to 10 mL was taken from the jugular vein of 190 

each animal using a syringe. Collected blood was then directly transferred/connected into a 191 

labelled blood collection tube (or vacutainer tube) containing EDTA. The tubes were pro-192 

cessed. 200 µL of whole blood were pipetted into 1.5 mL labelled cryotube, and 50 µL were 193 

added to 150 µL of Nucleic Acid Preservative Agent, NAPA (25 mM sodium citrate, 10 mM 194 

EDTA, 5.3 M ammonium sulfate, pH 7.5), in a separate cryotube.  195 

Tsetse fly collections and processing 196 

Entomological surveys were conducted in February 2017, March, June, and November 2018. 197 

Biconical traps were used for this study. Trapped tsetse flies were dissected as detailed in S2 198 

Text. Proboscises were collected from all flies and stored in 200 µL NAPA. The guts were 199 

dissected and kept separately in a 1.5 mL labelled cryotube from live flies [28], [29]. The re-200 

maining body of dead tsetse flies (TRB) were kept in 500 µL ethanol after removing the pro-201 

boscis. Species were morphologically identified and molecularly confirmed by PCR and se-202 

quencing, following the procedures described by Shaida et al. [34]. 203 
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DNA extraction and quantification 204 

DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany) was used to purify DNA from hu-205 

man and cattle blood and tsetse homogenised gut according to the manufacturer instructions 206 

with slight modification using 100 µL of treated blood and 100 µL of elution buffer. Photo-207 

metric quantification of extracted DNA at 260 nm wavelength was performed on a Nanodrop 208 

1000 (Thermo Fisher Scientific, Dreieich, Germany) [28], [29].  209 

DNA from proboscis was extracted using a crude extraction method. The proboscis was incu-210 

bated at 55°C for 1 h with 55 µL 0.33 mg/mL Proteinase K (Thermo Fisher Scientific, Dreieich, 211 

Germany), diluted in 10 mM phosphate buffer, pH 7.4. Heat inactivation of the enzyme fol-212 

lowed at 80°C for 45 min [29]. 213 

DNA was extracted from the tsetse remaining body (TRB, without proboscis, legs, and wings) 214 

using 5% Chelex-100 Resin (BIO-RAD, Hercules, California, USA) [35]. 100 µL was applied 215 

on a slightly squashed TRB with a pestle in a 1.5 mL tube. The mixture was incubated at 216 

56°C for 30 min, vortexed and incubated for an additional 5 min at 95°C. The extracted DNA 217 

was mixed thoroughly before brief centrifugation at 7000 rpm for 45 s and kept at -80°C. 218 

Molecular amplification and identification of trypanosome species 219 

Nested PCR targeting the ITS1 region of the ribosomal RNA gene locus was carried out to 220 

identify the species of trypanosomes. The gene was chosen because of its high copy number 221 

and its interspecific length variation, which had previously been used for species identifica-222 

tion [27], [35]. For this purpose, established generic and specific primers [27], [28] were used 223 

(see S1 Table for details) following previously published procedures [28], [29] adapted to the 224 

sample types (blood or tsetse tissues). 25 µL of a master mix containing 2 µM of each outer 225 

primer (Sigma-Aldrich, Darmstadt, Germany), 200 µM dNTPs, 2.5 Units DreamTaq polymer-226 

ase, 1x DreamTaq buffer (all from Thermo Scientific) and template DNA was used. The vol-227 

ume was 1 µL for human, cattle, TRB, and proboscis template DNA, and 5 µL for tsetse gut 228 

tissue template DNA [28], [29]. The cycling conditions for both reactions were as follows: in-229 

itial denaturation at 95°C for 3 min followed by 30 cycles at 94°C for 60 s, 54°C for 30 s, 230 

72°C for 30 s and final elongation at 72°C for 5 min. Trypanosome species were initially 231 

identified based on the size of their ITS1 PCR products, estimated by agarose electrophoresis 232 

(for details see S3 Text). Then, the amplicons were purified and subcloned into a linearised 233 

pJET 1.2/blunt plasmid using the CloneJET PCR Cloning Kit (Thermo Fisher Scientific) and 234 

sequenced by Sanger sequencing following the protocol detailed in S3 Text. 235 

For confirmation of the ITS1 analysis and performing of phylogenetic analyses, a nested PCR 236 

targeting the partial gGAPDH gene was carried out. gGAPDH is a ubiquitous, essential glyco-237 

lytic enzyme and has a slow rate of molecular evolution making it suitable for studying evolu-238 

tion over large time-scales [30] and therefore, it has been a marker of choice for phylogenetic 239 

analysis. A master mix was prepared as described for ITS-1 nested PCR except for the respec-240 

tive primers (S1 Table) [29], [30]. Reaction conditions, for the first PCR, were 95°C for 3 241 

min, followed by 30 cycles at 95°C for 1 min, 55°C for 30 s, and a final extension at 72°C for 242 

10 min. Similar conditions as in the first reaction were used in the second, except the anneal-243 

ing temperature changed to 52°C. PCR products were separated by gel electrophoresis as de-244 

scribed above. Amplicons were purified and sequenced as detailed in S3 Text. 245 

Sequences read and phylogenetic tree construction 246 
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Sequences were read, analysed and aligned using Geneious Pro 5.5.9 [36]. Alignments of 247 

ITS1 and gGAPDH sequences were done with Gap open penalty 15 and Gap extension pen-248 

alty 5. The sequences were aligned against the GenBank database using nucleotide BLAST 249 

from NCBI and TritrypDB. 250 

MEGAX software was used to investigate the phylogenetic relationship of trypanosomes 251 

based on their gGAPDH sequences [37]. The DNA sequences were imported from Geneious 252 

and aligned with the MUSCLE algorithm method together with the reference sequences re-253 

trieved from the GenBank database. The evolutionary history was inferred using the Neigh-254 

bour-Joining method. The evolutionary distances were computed with the Maximum Compo-255 

site Likelihood method [38]. 256 

Statistical analysis 257 

The frequencies (in percentage) of trypanosome species in humans, cattle, and tsetse fly sam-258 

ples, were obtained using the Clopper-Pearson binomial test with the lower and upper limits 259 

of the 95% confidence interval. Pearson Chi-Square tests were applied to compare, in these 260 

sampled animals, trypanosomes frequency to age groups, collection periods and cattle breed, 261 

as well as trypanosomes frequency to nomadic, sedentary and refugees’ cattle. Student’s t-test 262 

(unpaired, two-tailed) was used to compare the mean PCV values of recorded healthy and 263 

sick cattle on the one hand, and the mean PCV values of trypanosome PCR positive and nega-264 

tive cattle, on the other. In these collected samples, differences were tested for significance at 265 

p<0.05 using SPSS v.22.0 (IBM, USA). Prism version 7.0a was used for constructing the 266 

graphs and Microsoft Excel for managing raw data.  267 

Results 268 

Human survey data  269 

A total of 889 human participants were recruited during the surveys to cover the estimated 270 

sample sizes. 409 were from the Mandoul sleeping sickness focus and 480 from the Maro fo-271 

cus. Among those, a total of 717 agreed to give blood samples. 306 samples were collected 272 

from the Mandoul focus and 411 from the Maro focus (see S2 Table for details). Recruitment 273 

of participants was carried out in 13 sedentary villages (553; 77.13%), 2 semi-nomadic camps 274 

(121; 16.87%), 1 nomadic colony (24; 3.35%), and 1 military camp (19; 2.65%), at the rate of 275 

8 settlements in Mandoul and 9 in Maro. 19 to 70 blood samples were collected from each of 276 

those villages depending on the size of the population and agreement of the participants. Both 277 

genders were represented, 371 males (52%), 340 females (47%) and 6 (1%) with unrecorded 278 

sex. Children under 5 years were excluded from blood collection. The main activities prac-279 

tised by the participants are agriculture, livestock, and fisheries.  280 

Trypanosomes identification in humans 281 

Analysis of Trypanosoma-gGAPDH gene performed on DNA extracted from human blood 282 

samples revealed T. b. gambiense, T. congolense and Trypanosoma sp.-129-H. 14 human 283 

samples were positive, giving an overall trypanosome frequency of 2.0% (95% CI: 1.1 - 284 

3.3%) in the two foci. Strikingly, in the Maro focus, T. b. gambiense DNA was identified in 285 

two samples 0.5% (95% CI: 0.1 - 1.7%) and T. congolense in 11 leading to an observed fre-286 

quency of 2.7% (95% CI: 1.3 - 4.7%) (Fig 2). In Maro, the trypanosome’s frequency was 287 

Highlight
I think this is the first mention of PCV, needs to be included in the blood collection section of methods

Highlight
less than study design for Maro (381), better to clarify that here

Highlight
fulfilling study design for Maro (375)
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3.2% (95% CI: 1.7 - 5.3%) in all surveyed people. In the Mandoul samples, there was no evi-288 

dence for trypanosomes DNA in humans apart from an unknown trypanosome termed Trypa-289 

nosoma sp.-129-H found in one individual (0.3% (95% CI: 0.0 - 1.8%)). All obtained se-290 

quences (see S1 Appendix for details) were aligned against the GenBank database using nu-291 

cleotide BLAST in NCBI and TritrypDB (see S3 Table for the similarities). T. congolense and 292 

T. b. gambiense sequences were between 99.4% to 100% similar to described sequences in 293 

GenBank, except one T. congolense sample which showed only 87% similarity, which was 294 

later on confirmed by T. congolense specific PCR. The sequence of the Trypanosoma sp.-129-295 

H was 84% similar to Trypanosomatidae sp. LW-2010b (Accession number HQ263665). 296 

Referring to Adams et al. [27] and Ngomtcho et al. [28] concerning Trypanosoma species-297 

specific amplicon sizes, all human samples were screened for Trypanosoma DNA targeting 298 

ITS1 region and were later on confirmed by sequencing. The analyses revealed 1 positive 299 

sample; 0.3% (95% CI: 0.0 - 1.8%) frequency. The sequenced amplicon resulted in 372 base 300 

pairs (see S1 Appendix and S1 Fig; Trypanosoma sp.-129-H). The sequence showed 97% 301 

similarity to Trypanosomatida sp., JN673399 previously detected in a hyaena in Tanzania. In-302 

terestingly, this is the only sample identified by ITS1-PCR in humans at the Mandoul focus. 303 

Furthermore, the presence of trypanosomal DNA was confirmed when targeting gGAPDH 304 

gene, which was 84% identical to Trypanosomatidae sp. HQ263665, detected in Drosophila 305 

obscura.  306 

Fig 2. Trypanosomes frequency in humans in the Mandoul and Maro HAT/AAT foci. 307 

Error bars represent the upper limit of the 95% CI. 308 

Overall, 69% (9) of the cases positive for trypanosomal DNA in the Maro focus were individ-309 

uals younger than 20 years. Furthermore, most of them (7) were between 10 and 15 years old. 310 

This cannot be explained only by a higher percentage of younger participants, as only 42.6% 311 

of the participants were under 20 years old, and 14.11% were between 10 and 15 years. 312 

Cattle survey data 313 

A total of 540 cattle blood samples were collected from 93 herds. 462 cattle were from Maro 314 

and 78 from Mandoul. The number of cattle sampled in Mandoul is low due to an unexpected 315 

anthrax outbreak during the planned survey in the area. Surveys were carried out in 5 seden-316 

tary villages, 2 semi-nomadic camps, 1 nomadic settlement, and 1 refugee camp (S4 Table). 317 

61.2% (95% CI: 56.9 - 65.4%) of blood samples were collected from females, and 38.8% 318 

(95% CI: 34.6 - 43.1%) from males. Regarding the breeds, 87.6% (95% CI: 84.5 - 90.3%) 319 

were Arab zebu, 6.9% (95% CI: 4.9 - 9.4%) White Fulani, and 5.5% (95% CI: 3.7 - 7.9%) 320 

were M’bororo breed. 3% of the cattle have had sex and breed unrecorded. The semi-nomadic 321 

and nomadic breeders of these surveys owned exclusively Arab zebu breed from whom 275 322 

cattle were sampled, while the sedentary villagers were raising 1, 2 and/or 3 breeds from 323 

whom 265 were sampled. 88% (95% CI: 85.5 – 93.1%) of the sedentary groups were breeding 324 

cattle for traction and farming work, while 99% (95% CI: 98.8 -100%) of the nomadic and 325 

semi-nomadic groups were practising an extensive livestock system. The reason for the trans-326 

humance was lack of grasses in the areas during the dry season. 327 

Trypanosomes distribution in cattle using ITS1 nested PCR 328 

https://www.ncbi.nlm.nih.gov/nucleotide/HQ263665.1?report=genbank&log$=nucltop&blast_rank=1&RID=3B4F6ZZY016
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ITS1-nested PCR was performed on 540 cattle blood samples. T. congolense, T. brucei ssp., 329 

T. simiae, T. theileri, T. grayi, T. godfreyi, and T. vivax were detected (see S1 Fig for am-330 

plicon sizes). Similar to a previous report from Cameroon [28], PCR products of about 150 331 

base pairs were observed in 22 samples, but not taken into account for the frequency of trypa-332 

nosomes. 223 (41.3%; 95% CI: 37.1 - 45.6%) cattle samples were positive for Trypanosoma 333 

DNA (S4 Table). In the Maro focus, 159 (34.4%; 95% CI: 30.1 - 38.9%) out of 462 cattle 334 

contained trypanosomal DNA, whereas in the Mandoul focus 64 (82.1%; 95% CI: 71.7 - 335 

89.8%) out of 78 cattle sampled were positive. 336 

At the Maro focus, T. congolense DNA was found most frequently, followed by T. vivax, T. 337 

theileri, T. brucei ssp., T. grayi, and T. godfreyi (Fig 3A). In contrast, in the Mandoul area 338 

(Fig 3B), T. theileri was by far most frequently found (91.0% (95% CI: 81.5 - 96.6%) of all 339 

positive samples), and only a few animals were positive for T. vivax and T. simiae. The latter 340 

was not detected in Maro. 341 

Mixed infections with two or three different trypanosome species, commonly observed in cat-342 

tle in previous studies [39], were also found in this study (S4 Table). The most common tryp-343 

anosome in co-infections was T. vivax. T. congolense in association with T. brucei ssp. were 344 

present in 16 cattle, followed by T. theileri in co-occurrence with T. vivax (5 cases). In 1 cow, 345 

the 3 pathogenic species (T. congolense, T. brucei ssp., and T. vivax) were observed together. 346 

For details of mixed infections of other trypanosomes species, see the additional file in S4 Ta-347 

ble. 348 

Fig 3. Overall trypanosomes frequency in cattle. A- Maro HAT/AAT focus; B- Mandoul 349 

HAT/AAT focus.  350 

Distribution of trypanosomes depending on temporal parameter, migration, age, and 351 

cattle breeds of Maro’s cattle 352 

Regarding the community structures of Maro’s cattle included in the survey, the pathogenic 353 

trypanosomes were more frequent (statistically significant, X2= 11.87; p<0.05) in nomadic 354 

than in sedentary cattle (Table 1). Within the nomadic and sedentary cattle groups, T. vivax 355 

represented 15.6% (95% CI: 11.6 - 20.5%) and 10.3% (95% CI:0.6 - 16.0%), T. congolense 356 

15.3% (95% CI: 11.2 - 20.1) and 12.1% (95% CI: 7.6 - 18.1%), and T. brucei ssp. 5.5% (95% 357 

CI: 3.1 - 8.8%) and 2.4% (95% CI: 0.7 - 0.61%), respectively (Fig 4A). In animals at the refu-358 

gee camp, these parasites were not found. However, T. theileri the worldwide spread bovid 359 

trypanosome was identified almost at the same frequency (Fig 4 A) at nomadic, sedentary, 360 

and refugees’ sites, while T. grayi was identified in only few cattle samples of these groups. 361 

What stands out is that the cattle of the refugee group were significantly less infected 362 

(X2=7.52; p<0.05) with any trypanosome species than the other sedentary cattle and nomadic 363 

group (Table 1). Also, the pathogenic species are more prominent in the nomadic group. 364 

Table 1. Effect of transhumance activities, collection periods, age, breeds, and sex on 365 

trypanosomes frequency in Maro. 366 

 Overall trypanosomes Pathogenic/Non-pathogenic trypanosomes 

Positive within 

group N (%) 

Overall positive 

N (%) 

X2, df, p-

value 

Pathogenic 

N (%) 

Non-Pathogenic 

N (%) 

X2, df, p-

value 

Community, n=462       
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 367 

Looking at the seasonal distribution of 255 samples entirely collected from two nomadic set-368 

tlements in the Maro focus, all identified pathogenic trypanosome species were present either 369 

at the beginning of the dry season (November), in the middle (January) or near the end of the 370 

dry season (March) (Fig 4B). In November, the frequency of T. congolense, T. brucei ssp., 371 

and T. vivax were similar. In January, however, there was an increase in the frequency of T. 372 

congolense (18.4% (95% CI: 13.0 - 24.9%)) and T. vivax (15.6% (95% CI: 10.7 - 21.8%)) and 373 

a decrease of T. brucei ssp. (4.5% (95% CI (1.9 - 8.6%)). In March, while T. brucei ssp. fre-374 

quency from these data was the same as in January, the highest rate of T. vivax (36.4% (95% 375 

CI:17.2 - 59.3%)) and T. theileri (45.5% (95% CI: 24.4 - 67.8%)) were observed. What stands 376 

out in the overall samples was in November (Table 1), the cattle were significantly less in-377 

fected (X2=28.4; p<0.000) with any trypanosome species than in January, and in March; with 378 

the presence of pathogenic species over all the studied period and significant increase of T. 379 

theileri in March.  380 

Trypanosome-positive cattle were disseminated according to their age groups (Fig 4C). In 381 

young cattle (<2.5 years), T. congolense, T. vivax, and T. brucei ssp., the pathogenic species, 382 

were at the lowest frequency compared to that in mature group (2.5 to 5 years) and elder cattle 383 

(>5 years). The few cases of T. grayi and T. godfreyi observed were distributed in all age 384 

groups. In summary (Table 1), young cattle were significantly less trypanosomal DNA posi-385 

tive (X2= 7.38; p<0.05) than the mature, and the elder cattle, and this is due to body mass re-386 

lated to age which directly correlated to tsetse attraction [40].  387 

Regarding cattle breed and the presence of Trypanosoma DNA (Fig 4D), all the above identi-388 

fied trypanosomes in cattle were found in the Arab zebu breed, as it was the largest group. 389 

The same observation was also in the White Fulani breed. Cattle of the M’bororo breed were 390 

only positive for T. congolense and T. theileri. Overall, Trypanosoma species DNA (Table 1) 391 

     Nomadic 106 (38.5) 159 (34.4) X2 = 7.52, 

df =2, 

p=0.023 

84 (18.2) 22 (4.8) X2 = 11.87, 

df=4, 

p=0.018 
     Sedentary 50 (30.3) 38 (8.2) 12 (2.6) 

     Refugee 3 (13.6) 0 (0.0) 3 (0.6) 

Collection period, n=255       

    January 71 (39.7) 101 (39.6) X2= 28.46, 

df=2, 

p=0.000 

60 (23.5) 11 (4.3) X2=42.67, 

df= 4, 

p=0.000 
    March 19 (86.4) 11 (4.3) 8 (3.1) 

    November 11 (20.4) 10 (3.9) 1 (0.4) 

Age groups (yrs), n=452       

     < 2.5 24 (24.5) 156 (34.5) X2=7.38, 

df=3, 

p=0.061 

12 (2.6) 12 (2.6) X2=17.19, 

df=6, 

p=0.009 
     2.5 to 5 62 (34.1) 49 (10.6) 13 (2.8) 

     >5 70 (40.7) 59 (12.8) 11 (2.4) 

Cattle Breed, n=452       

     Arab Zebu 135 (34.2) 156 (34.5) X2=1.16, 

df=2, 

p=0.559 

106 (23.5) 29 (6.4) X2=3.51, 

df=4, 

p=0.476 
     White Fulani 15 (41.7) 11 (2.4) 4 (0.9) 

     M'bororo 6 (28.6) 3 (0.7) 3 (0.7) 

Sex, n=452       

    Male 55 (35.3) 156 (34.6) 

 

X2=0.32, 

df=1, 

p= 0.571 

 

37 (8.2) 18 (4.0) X2=4.68, 

df=2, 

p= 0.096 
    Female 101 (64.7) 83 (18.4) 18 (4.0) 

Health status, n=452       

     Sick 111 (71.2) 156 (34.5) 

 

 

X2 =1.14, 

df=1, 

p=0.285 

91 (20.1) 20 (4.4) X2=6.36, 

df= 2, 

p= 0.041 
     Apparently-healthy 45 (28.8) 29 (6.4) 16 (3.5) 
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was in 34.2% (95% CI: 29.5 - 39.1%) of Arab zebu, 41.7% (95% CI: 25.5 - 59.6%) of White 392 

Fulani, and 28.6% (95% CI: 11.3% - 52.2%) of M’bororo group. And this difference was not 393 

statistically significant (X2= 0.32; p = 0.56). 394 

Fig 4. Distribution of trypanosomes depending on seasonal aspect, migration, age and cat-395 

tle breeds. n= number of animals included. A- Migration-Infection; B- Seasonal distribution in 396 

2018; C- Age-Infection; D- Breed-Infection. Error bars represent the upper limit of the 95% 397 

CI. 398 

Packed Cell Volume (PCV) in relation to cattle breed, age and trypanosomes occurrence 399 

The PCV value (%) of 370 animals was recorded in the field. Based on the recorded PCV and 400 

the questionnaire answered, 236 potentially sick animals had a mean PCV of 38.2±6.3 while 401 

134 healthy animals averaged at 41.0±6.6, a statistically significant difference (p<0.0001). 402 

Overall, correlating with poorer health status, the cattle from the refugee camp had the lowest 403 

mean PCV (36.4±7.9) compared with the nomadic cattle (38.1±5.8) and the sedentary animals 404 

(41.1±7.1). Regarding the age, young cattle had the lowest PCV mean (37.1±6.8), while the 405 

mature cattle with a PCV mean of 40.4±6.5 and the elder with 38.8±6.1. There is no differ-406 

ence between the PCV mean of the M’bororo (40.8±7.0) compared to the White Fulani breeds 407 

(41.4±6.3), but the Arab zebu showed a slightly lower PCV mean (38.8±6.5). Within the Arab 408 

zebu breed, the distribution of the PCV average correlates to recorded health status (p<0.001).  409 

T. congolense-infected cattle showed the lowest PCV mean (35.4±5.8) compared with T. 410 

grayi-infected (39.8±6.7), T. vivax (40.2±4.9) and T. theileri-infected cattle (clades taken to-411 

gether 40.4±6.4). Mixed infected cattle presented a PCV mean of 36.76±6.0, while all posi-412 

tive cattle taken together had 38.5±6.5 and the negative animals 40.0±6.7. Of 207 physically 413 

healthy cattle recorded in total, 112 were found with trypanosomal DNA including typical 414 

pathogenic species (mean PCV 39.0±5.6, n=26), while the PCR-negative healthy cattle 415 

(41.3±0.7, n=79) had the highest mean PCV. However, there is no statistically significant dif-416 

ference when comparing the PCV of PCR-positive healthy cattle (40.5±0.8, n=55) with PCR-417 

negative healthy cattle (41.3±0.7, n=79). 418 

Tsetse flies survey data 419 

During the first survey in February 2017, 50 traps were set in 8 spots in Mandoul and Maro, 420 

respectively. During this survey, only 20 tsetse flies were caught in Maro, and a single tsetse 421 

fly in the Mandoul focus (see S5 Table for details). Thereafter, the following surveys were fo-422 

cussed on the Maro area, where 156 additional tsetse flies were caught in 48 traps out of 117 423 

additional traps set, with a highest mean catch of 0.47 tsetse/trap/day in December of 2018 424 

(see S5 Table for details). Of the total of 177 tsetse flies, 98 (54.8%; 95% CI: 47.2 - 62.3%) 425 

were females and 79 (45.2%; 95% CI: 37.7 - 52.8%) males. Glossina fuscipes group was col-426 

lected in Mandoul, while Glossina fuscipes and Glossina tachinoides were trapped in Maro. 427 

During the surveys, the temperature was high (often above 40°C) and the relative humidity 428 

low, the tsetse flies died quickly in the cages due to dehydration and other factors such as 429 

stress leading to unusually high mortality. Since these dead tsetse flies could not be dissected 430 

as planned, after removing proboscis, legs and wings DNA was extracted from the remaining 431 

bodies (Tsetse Remaining Bodies, TRB). 432 
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Trypanosome identification in tsetse flies 433 

DNA extract from 171 proboscises, 34 guts and 143 TRB were screened for trypanosomal 434 

ITS1. 34.5% (95% CI: 27.4 - 42.1%), 58.8% (95% CI: 40.7 - 75.8%), and 63.6% (95% CI: 435 

55.2 - 71.5%) of proboscis, gut and TRB, respectively, contained trypanosomal DNA (S2 Fig 436 

A, B and C for details). This frequency combined single and multiple occurrences (see S6 Ta-437 

ble for details). T. vivax, T. congolense, T. brucei ssp., T. simiae, T. godfreyi, and T. grayi a 438 

trypanosome identified in reptiles, were identified. One fly (TRB) showed DNA similar to T. 439 

bennetti, an avian trypanosome [41], termed Trypanosoma sp.-Maro1. The sequencing of its 440 

gGAPDH gene confirmed it. Trypanosomal DNA with some similarity to Trypanosoma sp. 441 

SDNK92 (ref. LC492122.1) was also identified in one gut and one proboscis from two differ-442 

ent tsetse flies; termed Trypanosoma sp.-Maro2. The sequences similarities of both these un-443 

known trypanosomes were less than 92% to the referred trypanosomes. Amplicons of about 444 

150 bp and sequences similar to Bodo caudatus (203 bp) were also present but were not in-445 

cluded in the trypanosomes’ frequency. The single tsetse fly caught in the Mandoul focus was 446 

positive for T. vivax.  447 

The overall trypanosome species distributions found within the positive proboscis, gut, and 448 

TRB are shown in Fig 5A, B, and C, with T. vivax largely represented in all tissues.  Remark-449 

ably, all typical livestock pathogenic species were detected in the tsetse fly vector. There was 450 

also evidence for DNA of T. grayi and T. godfreyi in the gut, the proboscis, and in the TRB 451 

(Fig 5A, B and C). Additionally, T. simiae was also detected, nevertheless only in the probos-452 

cises and the TRB. 453 

Fig 5. The overall distribution of trypanosomes in positive tsetse fly samples. A- Proboscis 454 

tissues; B- Gut tissues; C- Tsetse remaining bodies (TRB). 455 

At the Maro focus, 13% (95% CI: 8.3 - 18.7%) of tsetse flies were caught in the Canton Maro, 456 

while 86% (95% CI: 79.4 - 90.3%) were from Baguirgué site (Canton Gourourou) (see S5 Ta-457 

ble for details). However, looking at the distribution of trypanosomes in these 2 locations at 458 

the same collection period (March) in the proboscis tissue, the species distribution was similar 459 

in most cases: T. vivax (50% of tsetse (n=36) from Baguirgué and 52.6% of flies (n=19) from 460 

Birya), T. congolense (2.8% in Baguirgué and 5.3% in Birya), similarly for T. grayi and T. 461 

simiae. 462 

Mixed occurrences of trypanosome species DNA were observed in several samples (9.35% in 463 

proboscis, 11.76% in the gut and 16.78% in TRB). The most regular was the occurrence of T. 464 

vivax with one or two other parasites (S6 Table). In the gut tissue, T. grayi was identified with 465 

T. vivax and T. brucei ssp. In one proboscis, a presence of all cattle pathogenic species, i.e. T. 466 

congolense, T. brucei ssp., and T. vivax was observed.  467 

Summary of the most prominent findings 468 

Overall, T. b. gambiense, the pathogenic species of humans and T. congolense, the pathogenic 469 

species of livestock were found in humans in the Maro sleeping sickness focus (Table 2). In 470 

contrast, in the Mandoul focus, only one person showed evidence for trypanosomal DNA. 471 

However, it belonged to an unknown Trypanosoma sp.-129-H. Regarding the sampled cattle, 472 

T. vivax was the most frequent trypanosome in Maro while T. theileri was found with very 473 
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high frequency in Mandoul. T. vivax was the most frequent in tsetse flies in both foci includ-474 

ing the single tsetse fly trapped in the Mandoul focus. Taken together, the results of this study 475 

showed evidence of a higher diversity of Trypanosoma species in the Maro area than in the 476 

Mandoul focus, including both human and livestock pathogenic species. 477 

Table 2. Overview of trypanosomes frequency (in %) in humans, cattle and tsetse. The 478 

lower and upper limits of the 95% confidence interval are indicated in parentheses. 479 

 Maro Mandoul 

 Nr. Col-

lected 

Trypanosome posi-

tive samples 

Most frequent 

species 

Nr. col-

lected 

Trypanosome posi-

tive samples 

Most frequent 

species 

Human 411 3.2% (1.7 – 5.3) T. b. gambiense 

T. congolense 

306 0.3% (0.0 – 1.8) Trypanosoma 

sp.-129-H 

Cattle 462 34.4% (30.1 – 38.9) T. vivax 

T. congolense 

78 82.1% (71.7 – 89.8) 

 

T. theileri 

Tsetse 176   1   

Proboscis 171 34.5% (27.4 – 42.1) T. vivax 1 100%  T. vivax 

Gut 34 58.8% (40.7 – 75.8) T. vivax 1 0%  

TRB 143 63.6% (55.2– 71.5) T. vivax 0 0%  

Phylogenetic analysis of trypanosome species 480 

gGAPDH sequences of trypanosomes circulating in the Mandoul and the Maro foci from rep-481 

resentative human, cattle and tsetse samples were analysed for phylogenetic relationships and 482 

genetic diversity. 483 

Three main clusters were observed when analysing 21 field samples and 8 reference se-484 

quences retrieved from GenBank database (Fig 6a). As expected, Salivaria trypanosomes 485 

formed one cluster. T. congolense and T. b. gambiense were closely related and formed a 486 

branch while T. vivax formed the second branch of this cluster. T. vivax showed 2 clades, the 487 

East African (T. vivax EA) and the African/American (T. vivax A/A, also called West Afri-488 

can/South American type WA/SA). Similarly, known Stercoraria trypanosomes formed the 489 

second cluster including two branches: T. theileri and T. bennetti. The sequence of Trypano-490 

soma sp.-Maro1 was closely related to T. bennetti (FJ649486, 92,6% similarity). 491 

Interestingly, a third cluster was formed with the outgroup reference, and this concerned 492 

Trypanosoma sp.-129-H having 84.1% similarity to Trypanosomatidae sp. LW-2010b Dobs; 493 

HQ263665. This Trypanosomatidae sp. was previously found in a fly Drosophila obscura, 494 

(using trypanosome-gGAPDH) and Hyena (targeting trypanosomal ITS1).  495 

T. theileri was widely distributed and very diverse (Fig 6b). Two main clades, clade IA and 496 

IB on the one side, and clade IIA and IIB on the other side were observed as previously de-497 

scribed [28], [39], [42]. Interestingly, besides the sub-clades IIA and IIB, one other sub-clade 498 

was observed and thus the sequences were 99.8% similar to T. theileri sequences from the 499 

GenBank (references MK674002 and HF545654). Additionally, some sequences were closely 500 

related to clade IA; however, they formed a different sub-clade. 501 
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Fig 6. Neighbour-Joining trees based on alignments of gGAPDH sequences from trypa-502 
nosome species detected in human, cattle, and tsetse in Southern Chad. They were calcu-503 

lated using complete gap deletion and tested with 700 bootstrap replications using MEGA X 504 

software (Kumar et al., 2018). a- gGAPDH nucleotide sequences of 21 representatives of dif-505 

ferent trypanosome species and 8 reference sequences retrieved from GenBank were aligned. 506 

b- gGAPDH nucleotide sequences of 15 representatives of T. theileri clades detected only in 507 

cattle samples and 8 reference sequences belonging to IA, IB, IIA, IIB and U29 T. theileri 508 

clades retrieved from GenBank were aligned. Evolutionary analyses involved 613 bp (a) and 509 

563 bp (b) stretches. Abbreviations: EA, East Africa; A/A: Africa/America. 510 

Discussion 511 

Different trypanosome species (See S1 Fig for details), including typical pathogenic and non-512 

pathogenic species belonging to the Stercoraria and Salivaria trypanosomes, were identified 513 

during this study. The evidence of high trypanosome frequency in tsetse flies (see S6 Table 514 

for details) vigorously supports our observation of high frequency in cattle and humans in 515 

Maro (Table 2). This suggests that tsetse flies are transmitting cattle and human infective 516 

trypanosomes in this focus, whereas in Mandoul, the low occurrence of tsetse flies correspond 517 

to a lower diversity and a different species pattern. It has to be kept in mind that our molecu-518 

lar approach does not confirm active parasite infections, because traces of DNA as remains 519 

from previously present parasites are detected by this sensitive method. It should also be 520 

noted that the selection of animals presented for sampling by the herdsmen may have been bi-521 

ased due to their interest in presenting sick animals for possible treatment. And this was espe-522 

cially perceived when surveying the nomadic groups.  523 

The noticeable relevant findings were the presence of T. b. gambiense DNA in humans in 524 

Maro, stressing the ongoing HAT infection risk of the area, besides unexpected T. congolense 525 

in human samples. In the Mandoul focus, there was no evidence for such species neither in 526 

cattle nor in humans. However, there was evidence of an unknown trypanosome, Trypano-527 

soma sp.-129-H in one man cured of HAT, but with prevailing symptoms. 528 

With regards to the overall parasites diversity, only very few T. vivax and T. simiae, and a 529 

high rate of T. theileri were detected in cattle in Mandoul. These species are known to be 530 

transmitted independently from the tsetse fly, which corresponds to the very low number of 531 

fly catches during our entomological survey. In Maro, tsetse flies were abundant, and 532 

HAT/AAT pathogenic species were present in a relatively high number of tsetse flies, in addi-533 

tion to previously undescribed trypanosomes, Trypanosoma sp.-Maro1 (T. bennetti-like) and 534 

Trypanosoma sp.-Maro2. The findings indicate differences between the two foci in terms of 535 

trypanosomes diversity potentially in relation to tsetse fly’s abundance. 536 

Situation in humans 537 

Regular screening campaigns of humans for HAT cases have been undertaken by the Ministry 538 

of public health and its partners within the historical HAT-foci in Southern Chad. The case 539 

definition is based on CATTs test > 1/8 and to some extent on LAMP assays and microscopy 540 

in the Mandoul focus. Whereas HAT cases have been decreasing over the years in the Man-541 

doul focus [22], [43], recently, the resurgence of 23 new cases was reported at the old Maro 542 

focus [44]. In this study, we identified T. b. gambiense in two human samples from the Maro 543 

area. It was detected in one child and one older man confirming the presence of the parasite in 544 
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the area and the ongoing risk of HAT infections, as it was also identified in animal reservoirs 545 

reported by Vourchakbé et al., 2020 [45]. These two participants have had no previous infec-546 

tion with this parasite. However, none of the samples collected in Mandoul was interestingly, 547 

T. b. gambiense positive, which could be due to the reduction of its incidence reported by 548 

Mallaye et al., [21] and the low tsetse fly number. Thus, a wider monitoring is needed to state 549 

more precisely the overall parasite prevalence in the two foci. 550 

An interesting observation was the presence of an older participant in the survey with a cured 551 

HAT infection. He still had the repercussions of HAT-like symptoms, when the survey was 552 

undertaken but had tested negative for T. b. gambiense in all the last active screening cam-553 

paigns according to the health service of the locality. Unexpectedly, both PCR targeting Ki-554 

netoplastida ITS1 region and gGAPDH, evidence was obtained for the presence of an un-555 

described trypanosome. The sequences of Trypanosoma sp.-129-H DNA were related to uni-556 

dentified Trypanosomatida sp. found in Hyena (using ITS-1, JN673399) and in Drosophila 557 

obscura (using gGAPDH, HQ263665). As the techniques used to diagnose HAT recom-558 

mended by WHO are very specific for T. b. gambiense [2] and sensitivity of microscopy anal-559 

ysis is limited, e.g. in case of low parasitemia, this parasite may have remained undetected for 560 

a long time. Thus, immediate further investigations would need to be undertaken to isolate 561 

and characterise the parasite and furthermore look closely on the pathogenicity of this un-562 

known trypanosome, in case of non-transient infection. 563 

A second alarming observation was the presence of T. congolense DNA in human blood sam-564 

ples in Maro. The abundant presence of T. congolense DNA we observed in cattle (Fig 3) in-565 

dicated that also humans in this area are highly exposed to bites by tsetse flies transmitting T. 566 

congolense (which flies as well have been identified with its DNA traces) (Fig 5). This be-567 

comes evident, when looking at single settlements, for example, one of the nomadic commu-568 

nities, where one human, 28 cattle (16%) and 3 tsetse flies (13%) were T. congolense positive. 569 

Usually, humans are resistant to T. congolense due to innate protection, including most trypa-570 

nosome species [46]. Among the innate protection, the trypanolytic factors (TLF1 and TLF2) 571 

[47] found in human serum are able to lyse trypanosomes upon entry [48], therefore serving 572 

as a natural host innate parasite defence mechanism. However, several cases of atypical HAT 573 

have been reported [26],[49], suggesting that T. congolense might be able to produce infec-574 

tions in man. Therefore, other investigations need to be undertaken on the infected humans to 575 

determine and discuss its pathogenicity and zoonotic potential. It is quite interesting that also 576 

other Trypanosoma species were circulating in the Maro area, however they were not detected 577 

in humans, as e.g. T. vivax. 578 

Situation in cattle  579 

Apart from the direct risk of HAT for human health, AAT denotes a heavy burden on the live-580 

stock and agriculture-based livelihoods of the people in rural areas. This implies, e.g., the 581 

constant use of drugs to treat the animals; which is not without cost and contributes negatively 582 

to the economic development of the affected rural areas [2],[50]. The animal-pathogenic spe-583 

cies affecting cattle mainly include T. congolense, T. vivax, and, T. b. brucei. 584 

As indicated above, the abundant presence of T. congolense in cattle in Maro (Fig 3) poses a 585 

high risk of AAT in this area. Continuous surveying is therefore needed to treat the respective 586 
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animals. A promising finding was the absence of T. congolense in the Mandoul area, indicat-587 

ing that the tsetse control campaign effectively reduced T. congolense-induced AAT. How-588 

ever, due to the low number of cattle sampled in Mandoul, the obtained results cannot be ex-589 

trapolated to the whole area.  590 

The picture looks different for the presence of T. vivax. Though found in fewer of the tested 591 

cattle, T. vivax was detected in Mandoul as well as the Maro focus. This can be connected to 592 

the ability of T. vivax to be transmitted mechanically and stresses the need for additional con-593 

trol measures, apart from tsetse fly control, when targeting this parasite. 594 

Looking in more detail on the intraspecies diversity, T. vivax clustered in two clades. Both 595 

were present in samples collected from the Maro focus. One of these clades groups with the 596 

East African T. vivax (EA) with a strong homology and high similarity. This clade EA was 597 

described for the first time in Tanzania [51], then in Nigeria  [29] and in Cameroon [39] in 598 

2019, and now its presence in Chad was confirmed in this study. This leads to the suggestion 599 

that either this strain is spreading across the African continent (Central and Western Africa) or 600 

increased sequencing data are revealing a more detailed picture on the parasite diversity, 601 

which could not have been observed before, as also reported by Adams et al., [52] on perfor-602 

mance of molecular identification techniques. The second widespread clade, T. vivax A/A 603 

(African/American or WA/SA) [51], was present in samples from both foci.  604 

T. vivax pathogenicity in cattle appears to be isolate-dependent. T. vivax A/A were described 605 

to be more pathogenic than EA isolates [53],[10]. Furthermore, a strain-/subgroup-dependent 606 

pathogenicity level has been observed in the same geographical region depending on the in-607 

fective species of the tsetse fly [52],[53]. In agreement with the pathogenicity related to T. vi-608 

vax subgroup, 3 cattle in the Mandoul focus died a few weeks after our survey, and the ob-609 

tained sequences clustered with the T. vivax A/A clade. Already during sampling, these ani-610 

mals showed AAT-symptoms such as inappetence, asthenia, tearing, weight loss and oedema. 611 

This suggests that this strain might be responsible for AAT outbreaks in the area and possibly 612 

throughout the country, which might put the effort of fighting animal diseases under duress. 613 

Several other trypanosomes were present in cattle samples, including T. theileri, a worldwide 614 

distributed parasite generally considered non-pathogenic. Sequence analysis of T. theileri 615 

gGAPDH sequences revealed several sub-groups, among them the four known clades IA, IB, 616 

IIA, and IIB [39]. In this study, another clade (235-260-B-BC and 235-253-B-BC) closely re-617 

lated to clade IA was observed as well as a clade formed by the new strain found in Uganda 618 

(T. theileri Uganda29; HF545654) and in Cameroon (T. theileri clone 81; MK674002) [39]. 619 

This confirms that T. theileri is genetically diverse. Despite their presence in cattle, T. theileri 620 

was not observed in the tsetse samples which indicate its transmission to be independent from 621 

tsetse flies. It should be noted that this parasite was detected abundantly in Mandoul’ cattle, 622 

where tsetse flies are close to annihilation. Here, its frequency was much higher (82.1%; 95% 623 

CI: 71.7 - 89.8%), also higher than that obtained in previous studies; e.g. in Uganda (47%) 624 

[54] and in Northern Cameroon (30.5%) [39].  625 

The genetic variation within T. theileri might lead to strain-dependent implications on the 626 

health status of the animals. Along this line, reports from Cameroon observed that cattle in-627 

fected with clade IIB have lower PCVs than those infected with clade IA or IB [28], [39]. In 628 
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this study from Chad, cattle presenting T. theileri clade IA, have slightly low PCVs (34.33 ± 629 

6.4) similar to those infected with T. congolense (35.48 ± 5.8), lower than those having T. 630 

theileri clade IIB (37.67 ± 8.5), T. grayi (39.8 ± 6.7) or cattle negative for trypanosomal DNA 631 

(40.03 ± 6.7). However, this outcome is not sufficient to speculate on the pathogenicity of 632 

these parasites (T. theileri and T. grayi) as many other parameters can change the PCV value. 633 

Nevertheless, already previous studies pointed out isolated cases of T. theileri pathogenicity 634 

[55], [56], including a most recent cases in Italy [57]. These observations and the PCVs value 635 

linked to clades could give a path for research to determine whether T. theileri can be a patho-636 

genic trypanosome under certain circumstances or when present in a certain genetic variant. 637 

Further parasites were detected in cattle in Maro. Interestingly, evidence for T. grayi was ob-638 

tained in 10 cattle blood samples. At first sight, this was unpredicted, since when describing 639 

this parasite, Hoare et al., [58] could not infect mammals with this reptilian parasite. How-640 

ever, more recently, also in Cameroon T. grayi was detected in cattle [28], [39]. Together, 641 

these observations support the note that there might be a burning issue of host adaptation of 642 

this trypanosome and change in its lifecycle. Thus, it is important to look more closely for T. 643 

grayi infections in cattle and its possible pathogenicity in this host. 644 

Tsetse fly data 645 

Overall, a high diversity of trypanosomes was identified in tsetse, mirroring the diversity ob-646 

served in humans and cattle in Maro. 647 

The frequency of T. vivax found in tsetse flies was higher compared to other studies across the 648 

West and Central African tsetse fly area, where the highest was 34% overall positive [28], and 649 

11.7% in all screened proboscises [29]. The presences in the gut tissues is likely to be remains 650 

of a recent blood meal since T. vivax is not expected to colonise the tsetse gut [59]. 651 

The sites of the development of trypanosomes during their life cycles in tsetse is species-spe-652 

cific [10], [60]. However, already in previous studies, molecular identification of trypano-653 

somes revealed unexpected sites of their DNA, for example, similar to our findings T. grayi in 654 

the proboscis [28], [29] or T. vivax in the midgut [61]. This could be explained on the one 655 

hand by the sensitivity of the method, as it detects down to 10 pg DNA when field conditions 656 

were mimicked using tsetse fly midgut [27], and thus, during the transit of the parasites. On 657 

the other hand, it could be explained by residual DNA from a recent blood meal.  658 

Described T. bennetti was initially found in the American Kestrel (Flaco saoverius) [62] and 659 

in European passerine birds and raptors confirmed by its isolation from nestlings and year-660 

lings, suggesting its local transmission [63]. Similar sequences but not identical to this species 661 

was identified in one tsetse; Trypanosoma sp.-Maro 1. Interestingly, when performing blood 662 

meal analysis on this tsetse fly sample, a bird (Ardea purpurea) was revealed as its blood 663 

meal source. This is a piece of evidence that it is most likely to be a bird parasite. 664 

As stated above, tsetse control activities were ongoing in Mandoul for the last 3 years and 665 

during our surveys. It is important to note that only one tsetse fly was caught in the Mandoul 666 

focus (which is a more confine area) during the surveys, although 20 traps were set at 8 differ-667 

ent locations within 3 days. The rarity of the tsetse vector is most likely due to the success of 668 
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tsetse control organised by IRED and its Partners by setting impregnated Tiny Targets that at-669 

tract and kill tsetse. Also, Mahamat et al., [22] observed a similar frequency with only 5 tsetse 670 

flies being caught during nine surveys at this area in 2017. Similar observations of the Tiny 671 

Targets effect on tsetse population reduction were reported in West and East Africa [64], [65]. 672 

In contrast, in the Maro focus, the tsetse control has just started in 2018, after we collected 673 

most of the samples of this study. This probably played a role in the high trypanosome diver-674 

sity observed in the area (see S3, S4, and S6 Tables) as also more tsetse flies were found. 675 

Differences between the two areas and concluding remarks 676 

Looking at the global picture of trypanosome distribution, a different pattern emerged in the 677 

two foci. Overall, Maro showed high diversity in tsetse-transmitted parasites. In Mandoul, di-678 

versity was much lower. On the one hand, this might be due to the reduced number of cattle 679 

samples tested in Mandoul. On the other hand, the parasites present in the blood of the sur-680 

veyed animals shifted from animal pathogenic and tsetse transmitted parasites in Maro to gen-681 

erally considered non-pathogenic parasites (T. theileri) and parasites that do not only rely on 682 

tsetse flies for transmission in Mandoul (T. vivax, T. simiae). A higher rate of positive cattle 683 

accompanies this observation (Table 2). A similar pattern was observed by Paguem et al., 684 

[39]. This is quite interesting, because it evokes some kind of competition: (1) Either the 685 

blood-sucking insects are competing and the reduction of one species, in this case, tsetse fly, 686 

benefits the growth of other blood-sucking flies such as Tabanids or Stomoxys. The presence 687 

of the Tabanidae and Stomoxys in the Mandoul area was previously reported [50]; however, 688 

their implication on the transmission of the parasites in the area was not studied yet, which 689 

urge to be undertaken. (2) Or the trypanosomes are competing for the same hosts, and T. theil-690 

eri might only be able to establish infections when the immune system is not activated against 691 

trypanosomes by pathogenic trypanosome species. 692 

The identification of Trypanosoma sp.-129-H and T. theileri in Mandoul suggests that other 693 

trypanosome parasites are taking place and might be transmitted by other biting arthropods 694 

known as mechanical vectors.  695 

It will be interesting to follow up, whether also in the Maro focus, the tsetse populations will 696 

also be reduced successfully, and see which impact this will have on the diversity of trypano-697 

somes in this area. However, Maro is bordering the CAR and transhumance activities to and 698 

from areas close to its National Park (Bamingui-Bangouran) in search of animal food supply, 699 

are frequent. This could impact in this region, as observed in the trypanosome’s diversity that 700 

emerged from this study. The CAR savannah areas, known for their densely populated parts, 701 

are heavily infested with tsetse flies and potentially under the continuing threat of an AAT ep-702 

idemic [21]. Unfortunately, due to the volatile and complex situation, no tsetse fly control is 703 

underway in the CAR, which area could be associated in a joined effort. Thus, the Maro focus 704 

should get great more attention, and more host species and individuals should be monitored. 705 

Several other patterns could be observed in this study. The proportion of T. vivax at the begin-706 

ning of the dry season (November) shifting to an increase towards the end of the dry season 707 

(March) (Fig 4B) is in agreement with a report from Nigeria [66], which stated its predomi-708 

nance in the dry season (and that of T. congolense in the wet season). This could be explained 709 

by the presence of other biting insects, throughout the season acting as mechanical vectors 710 
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and maintaining the bovine trypanosomosis in the herd while tsetse populations are sup-711 

pressed. Regarding trypanosomes distribution between cattle breeds, White Fulani group pre-712 

sented the highest frequency of T. congolense, T. brucei ssp., and T. godfreyi, while T. theileri 713 

was widely predominant in M’bororo group and T. vivax in Arab zebu (Fig 4D). Our observa-714 

tion corroborates with that of Odeniran et al., [66] who reported a high frequency of trypano-715 

somes in White Fulani farms in Nigeria. This is due to the transhumance activity. Looking at 716 

this, results of nomadic animals included in this study (Fig 4A) reflect the observation with a 717 

high frequency of T. vivax followed by T. congolense and T. brucei ssp. This explains that 718 

transhumance activity would impact the transmission cycle and persistence of the parasites in 719 

the area [66], besides the susceptibility of the breeds [67] dependent on Trypanosoma species. 720 

However, for a conclusive picture, the seasonal impact of transhumance activities, and cattle 721 

breeds susceptibility need more longitudinal data addressing this issue. 722 

Conclusion 723 

WHO had the goal to eliminate the HAT as a public health problem by 2020, and the final 724 

goal of the sustainable disease elimination by 2030. In order to achieve this goal in Chad, the 725 

National Program with its partners have been organising campaigns; active screening and 726 

treatment of humans, as well as tsetse fly control by setting impregnated Tiny Targets. This 727 

strategy contributed to the reduction of tsetse populations and known pathogenic trypano-728 

somes in the Mandoul area, as observed in the data emerging from this study. However, there 729 

is evidence for T. theileri, T. vivax, T. simiae in cattle and an unknown trypanosome in human 730 

which could lead to a resurgence and probable pathogenicity of the disease complex in the 731 

Mandoul area, and other vectors could play a role. Thus, the situation needs to be monitored. 732 

In contrast, the Maro area bordering the CAR could be an unknown reservoir of parasites. 733 

Based on its proximity with the CAR, which is having a complex and volatile social situation 734 

as well as the uncontrolled crossing of the borders of pastoralists and their livestock, it is 735 

highly expected that tsetse flies, others biting insects and various trypanosome species can 736 

move from one country to the other. As an outcome of this study, high diversity and fre-737 

quency of trypanosomes have been observed in human, cattle, and tsetse fly vector including 738 

typical and atypical pathogenic species, suggesting a zoonotic potential leading to get close 739 

attention in this area. Therefore, to achieve the goal of eliminating HAT as a public health 740 

problem, all the players such as natural host and vector, and reservoirs and mechanical vectors 741 

have to be considered to exclude a resurgence of typical HAT from these sources and neigh-742 

bouring areas, and atypical trypanosomiasis in case of non-transient infection. 743 
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Responses to reviewers’ comments on 

"Unexpected Trypanosoma species in humans, tsetse, and cattle, 

identified in Southern Chad: Mandoul and Maro sleeping sickness 

foci" (manuscript ID PNTD-D-20-01868) 

The manuscript title is changed to: “Diversity of trypanosomes in humans 

and cattle in the HAT foci Mandoul and Maro, Southern Chad - A matter of 

concern for zoonotic potential?” 
 

Please find below the detailed answers to the comments and questions of the reviewers. This 

also includes the 5 particular notes highlighted by the editor, and in the last pages, the answers 

to “reviewComments” received as a separate file. 

First of all, we thank all the reviewers for their positive remarks, their agreement on the 

importance of the study, and their detailed review of the manuscript, including suggestions, 

comments, and questions. 

Methods 

Reviewer #1:  

 A clear set of aims that link to each section of the Methods is not provided 

We included more information concerning the study aims that link to the methods of this 

study. This study was undertaken to investigate the circulating trypanosomes, including the 

occurrence of potentially zoonotic species in humans and livestock, and in their biological 

tsetse vector in two active HAT foci, Mandoul and Maro. See Introduction from line 123 to 

line 133. 

The detailed protocols in supporting material S1, S2 and S3 Texts are now shifted in shorter 

forms in the revised manuscript (Method sections from line 134). 

 There is no clear study design or description of statistical analysis used to inform the 

results. 

We provided additional information for the study design. See line 156 - 162 (for the humans) 

and line 173 - 178 (for cattle). More details are provided in S2 Text from line 5 to line 18, and 

line 34 to 37. 

We want to thank the reviewer for the remark to include a description of statistical analysis 

used to inform the results. The statistical analysis applied is provided in line 257 to 267.  

 No power analysis provided 

Specification of the power analysis is included in the manuscript as recommended by the 

reviewer. See line 163 to 171 for the humans and line 178 to line182 for the cattle. We based 

on this power calculation, with an accepted margin of error of 5% and 95% confidence 
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interval, to target the sample size per HAT focus (Mandoul and Maro) and per host (human 

and cattle). Unfortunately, in Mandoul only 78 cattle have been collected, by far less than the 

expected sample size due to an anthrax outbreak during a scheduled survey, as stated in the 

result part (line 315-316). 

Reviewer #2:  

 The methods need to include details on the sample frame for both human and animal, 

random sample method is stated but lacks details on either the number of samples that 

the survey set out to collect (cattle or human) or clear details on how the individuals 

were included for the sample at each field site. 

We thank the reviewer for these suggestions. We included the information on the method of a 

random selection of households/herds for participation. See line 156 to 162 (for the humans) 

and line 173 to 178 (for cattle). More details are provided in see S2 Text from line 5 to line 

18, and line 34 to 37. 

The power calculation for the necessary sample size for the human survey is described from 

line 163 to 171, and for the cattle survey is from line 178 to line182. We faced an issue during 

the survey to collect cattle samples in Mandoul, because of an anthrax outbreak (stated in line 

315 - 316). Therefore, we couldn’t reach the target sample size, as only a few samples (78) 

have been collected. However, the sample size was reached in Maro for both humans and 

cattle. 

 In lines 432-435 of the discussion states that the owners presenting cattle for sampling 

[which is not random sampling. Or are you suggesting that herders could have 

separated healthy animals from the herd to only take unwell individuals to the sample 

site? 

We thank the reviewer for the valid discussion point. Deviations of random sampling for 

cattle are now stated in the method (line 175 to 178) and then discussed in line 564 to 567. 

We further want to highlight that there are two aspects along that line for the animal 

selections. First, we aimed for a random study where we were able to select the herdsmen by 

following this strategy. However, when selecting the cattle, especially in the nomadic 

settlements, the selection has been influenced by the shepherds that select the animal based on 

their own interest (taking perhaps more sick than healthy animals). For the sedentary group, 

shepherds did not have many animals (4 heads approximately). Therefore, a selected 

herdsman will provide all its animals unless some are absent during the survey. As such, the 

random selection of the animals was biased. Nevertheless, the statistical analysis applied in 

the study was to compare variables in this cohort without making an extrapolation for the 

entire area. 

 The statistical evaluation that is referred to in the results section has not been 

identified. 

A description of statistical analysis applied to inform the results is provided in line 257 to 

267.  

 Results section refers to a questionnaire (line 284), which is absent from the methods. 
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The description of the questionnaire is now shifted from the S2 Text to the main manuscript 

(line 183 to 187). Responses to the questions are provided in excel file “Raw data_Cattle”. 

 Cattle age forms part of the data analysis and discussion, how was the age of each 

animal established? 

We thank the reviewer for the question. As stated in S2 Text (line 44), the age was given by 

the herdsmen and to some extent confirmed by the veterinarian present during the fieldwork. 

They are grouped in three categories young (<2.5 years), mature (between 2.5 and 5 years), 

and elders (above 5 years). Thus, the relative age given by the herdsmen will be within the 

age set subsequently. 

Reviewer #3: 

 Sample size and selection 

I tend to think that the methodology applied was appropriate for the study, although 

probably the objectives of the study should be stated more clearly. Particularly, I 

appreciate the sequencing, missing in other similar articles. On the other hand, sample 

sizes seem a bit low. Although clusters of villages, semi-nomadic, nomadic and 

military camps are mentioned, I’m not clear how participants (households and cattle) 

were selected/recruited: was there any randomisation that may allow to assume that 

the samples were representative? How comparable are the samples and the 

populations? Was there any sensitization campaign? 

We thank the reviewer for the comments and questions. 

 Sample size; selection; How comparable are the samples and the populations?   

We based on the sample size proportion calculated using the open-source Epidemiologic 

statistics for public health software Version 3.01, knowing the human and cattle populations 

in these areas, as stated in the Manuscript (Line 163-171 for the humans and line 178 - 182 

for the cattle). Sample sizes per focus (Mandoul and Maro) and per host (human and cattle) 

were obtained using this software with an accepted margin of error of 5% and 95% 

confidence interval. However, in Mandoul, the number of collected cattle samples was by far 

less than the expected sample size due to an anthrax outbreak, as stated in the result section 

(line 315-316). 

We provided information on human and cattle selection. Line 156 - 162 (for the humans) and 

line 173 - 178 (for cattle). More details are provided in S2 Text (line 5 - 18, and line 34 – 37). 

For human surveys, households were drawn by chance. However, members of each selected 

household were automatically included, unless for individuals who did not consent to 

participate or children under 5 years old. The villages were selected randomly at each site, 

except the military camp that was at the request of its inhabitants.  

For the cattle, the herdsmen (representing their herd) were selected randomly. However, the 

cattle were chosen partly by the herdsmen themselves for the nomadic settlements (precision 

added, line 176). For the sedentary group, breeders did not have many animals (approximately 

4 heads or so). Therefore, a selected breeder will provide all its animals unless some of them 

were absent during the survey. 
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The comparability of the sample sizes and populations is crucial to our study. The human 

survey reached the required sample sizes (line 271) as calculated in advance (line 170), as 

well as the cattle in the Maro focus (Line 314 as calculated in line 181). However, for cattle 

from the Mandoul focus, the size is small (Line 314 as calculated in line 181). 

 I tend to think that the methodology applied was appropriate for the study, although 

probably the objectives of the study should be stated more clearly. 

We agree with the reviewer, and we have stated the objectives more concisely in the 

Introduction (line 123 to line 133). 

 Was there any sensitization campaign? 

Yes, the sensitizations have been done prior to the surveys where the team visited the 

locations and made contact with the local communities. In these visits, the objectives of the 

study were explained. This was added in S2 Text Line 7. Furthermore, we repeated the 

meetings during the recruitment day, a day prior to the blood collections. 

 Ethical considerations 

How were cases managed (i.e. human or cattle +ve samples?  For example, were they 

and PNLTHA notified?  

This work was supported in the beginning by both PNLTHA and IRED, as mentioned in the 

Acknowledgments section. The personnel of these institutions are well known in these foci 

and are working in close contact with the human and animal health services, as well as the 

local communities. Therefore, suspected human cases were automatically taken care ofby the 

local health services which follow the protocol of the diagnosis and treatment depending on 

the phases of the disease if the cases are confirmed.  

 Were +ve cattle treated, not able to recover… 

For the sick cattle, especially those suspected for AAT, a veterinarian who was supporting the 

team and the local veterinarian technician manage to treat the animals. Also, this depended on 

the protocol of treatment depending on the health status and symptoms of the animal, 

recommended by this animal health personnel.  

All these parallel supports were discussed with the authorities in charge of Human and animal 

health sector, including PNLTHA, the Regional delegations as well as the local Human and 

animal health services, and the administrative authorities. 

 Study areas: 

It would be relevant to describe the main differences between the Mandoul and Maro 

foci/habitats. For example: 

- Mandoul: Tsetse are restricted to the swaps formed in the southern limit of the 

Mandoul river. The tsetse distribution is limited in the South by the springs. As the 

river flows north, the swamp deteriorates into a marsh habitat, unsuitable for tsetse. 

Therefore, the population is isolated. Vector control operations with annual 

deployment of Tiny Targets started in 2014. 

- Maro: In the southmost sections of Chari/Sido rivers, where rivers mark the border 

with CAR. Tsetse habitat configured by is the thin riverine vegetation along the banks 
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of the rivers. Vector control operations started in the Chadian part in 2018, with annual 

deployments of Tiny Targets. No similar operations have been implemented across the 

border. 

We thank the reviewer for the suggestion to include this important information. It is included 

(Line 114 -117 and line 142 - 152) and more details are in S1 Text. 

 Trypanosomes in tsetse: 

Any reason not to analyse salivary glands for mature infections of T. brucei? 

It was one of our interests. Unfortunately, most of the tsetse flies trapped were found dead due 

to the high temperature and the low relative humidity during the surveys in these regions 

(Line 464). Therefore, we faced a technical issue for dissecting the salivary glands and screen 

for mature infection of T. brucei. 

Results 

Reviewer #1:  

 Due to the absence of a discrete set of aims and the absence of details of study design 

(e.g. justification for selection of villages/ individuals), power analysis, or statistical 

analysis the results do not match the analysis plan. There are no estimates of 

uncertainty provided for trypanosome prevalence. 

Overall, the study aimed to look for the circulating trypanosomes in the three host from the 

two HAT foci and their genetic diversity. Since the selection of cattle especially was biased, a 

stating prevalence cannot be adapted for the study to extrapolate for that of the whole 

population. However, it might be possible for the human section. Therefore, the term 

“prevalence” was not used but instead “frequency” from our point of view is suitable. 

Estimates of uncertainty (using the Clopper-Pearson binomial test with the lower and upper 

limits of the 95% confidence interval) was now added to all frequencies of trypanosomes. 

Power and statistical analysis are now included. 

Reviewer #2:  

 Due to the two study areas being detailed I suggest the author presents each set of 

findings first as overall findings (2 areas combined) then Maro and Mandoul 

individually. Thereby standardising the order. To highlight the issue for a reader 

unfamiliar with the study; between line 174 and 177 it was not until I had already been 

confused by the reported percentages 0.5 and 2.7 (which I thought should have been 

0.28 and 1.53) that it becomes clear the results are only Maro and not the whole study. 

We want to thank the reviewer for the suggestion. It is more clarified now (e.g., line 283). 

 Attention needs paying to typographical errors, to give some examples: Line 258 'at 

the tree time points' and line 341 where 'of' is missing after 13%. 

Thank you to remained us for typographical errors. We corrected several spelling errors 

starting from the abstract through the conclusion. 

 Further, throughout the results section the decimal places used in numbers is 
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inconsistent. 

The suggestion is taken into account. We thank the reviewer for this precision. 

 There are sections in the results that belong in the discussion. examples; line 262-263 

and 276-278. 

We moved them. 

 Figure 1, the colour used for tsetse trap location is very hard to identify against the 

green base map, also the text in the image seems to be quite blurred. 

We thank the reviewer for this remark. We improved all figures. 

 Table 1 should be in the results section and referred to in the discussion. 

We moved it and added a paragraph for its description (Line 510 to 523). 

Reviewer #3: Human cases 

 Two human cases of T. b. gambiense in Maro seems to suggest a relatively high 

prevalence.  Do the authors consider that this may be a good representation of the 

prevalence in the foci? Or, may this relate to the low sample size and/or bias in the 

selection of participants? Or, ‘oversensitivity’ of the technique?  

The households were randomly selected, and the sample size sufficient to represent the 

population in the areas. We used the term frequency for the whole study just for the 

consistency of the manuscript, since the cattle selection was biased. However, we could 

extrapolate that the Trypanosoma prevalence in the entire population of Maro is high. This 

could also be influenced by the techniques used since nested PCR can amplify traces of DNA 

(down to 10 pg). 

 I assume the main point of this finding is proving the presence of T. b. gambiense? 

While T.b.gambiense is the main health concern, we also want to raise awareness of the 

potentially zoonotic species.  

 Do the forms include a question about previous travels? 

We thank the reviewer for the interesting discussion point. Yes, and also other information 

such as previous HAT infection and current health status or age and gender (see comment in 

the discussion part line 590 and line 595).  

 Tsetse: 

Species not mentioned. 

We agree that this might be useful information, but as tsetse were not the focus of the 

manuscript, we found this too much to be described. Nevertheless, it is now incorporated 

(Line 202 - 203 in the method section and Line 462 - 463 in the result part). 

 Figures 

Figures are small and low definition.  They are difficult to read.  

They are now adjusted for better visibility. 
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Conclusion 

Reviewer #1:  

We want to inform you that the discussion section is revised as it was recommended, and 

major modifications have been incorporated. 

 It is not made clear why this study helps to better understand the situation in Chad. 

Without detailed methods and robust comparison between the two foci in the results, 

no conclusions can be drawn with respect to the differences between Mandoul and 

Maro. 

We want to investigate the diversity of trypanosomes and see if Maro have the same pattern 

of the species diversity since the tsetse control has not been primed at the time of the survey 

like it was for Mandoul focus. In conclusion, as the aim is stated and methods described, the 

results showed a difference between the two areas in terms of species diversity and also in 

terms of tsetse fly presence. This could be due to the vector control initiated in the Mandoul 

which decreases the tsetse population (as only a single fly was caught see line 518) and thus 

the pathogenic trypanosomes (line 522, Table). It could also be due to the geographic location 

of the Maro bordering the Central African country, involving transhumance activities. 

 Reviewer #2:  

We want to inform you that the discussion section is revised as it was recommended, and 

major modifications have been incorporated. 

 line 679-680: Tiny targets are only used as tsetse control not elimination, also note 

tinny is a spelling error. 

Thank you for pointing this out, it is corrected. 

 Line 684-686: Maro is now receiving parasitological evaluation and regular control of 

tsetse (as you state in line 638). 

The following note was deleted as the discussion is recast. Nevertheless, the message appears 

in line 717. 

 The close of the conclusion is stretching. The assertion that to achieve the HAT 

elimination goal atypical trypanosomes need considering is at odds with the earlier 

statement in lines 399 - 403 where you highlight that the occurrence of non-HAT 

species of trypanosome detected in a human is likely the detection of an unviable 

infection.  

The conclusion is now recast, see Conclusion line 767. The discussion of atypical HAT versus 

detection artefacts is crucial. Of course, we do not know if the trypanosomes (including 

atypical species) observed in humans using sensitive molecular techniques are transient or 

established infections. But the presence of much diversity in human blood samples is 

worrying, especially in the case of the individual from the Mandoul focus with an unknown 

Trypanosoma sp. However, since this man previously had a HAT-gambiense infection and 
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was cured of it but has still sequels of the disease, and showed evidence of an unknown 

trypanosome, this situation needs to be closely monitored. It must not be neglected, as it 

might be an opportunistic infection. Note: we asked those in charge of supervising the HAT-

disease especially the personnel of Bodo’s hospital (local health service personnel who are 

working in close contact with the National Program, PNLTHA), they confirmed that he is 

HAT-negative for all the last screening campaigns.  

 

Reviewer #3:  

We want to inform you that the discussion section is revised as it was recommended, and 

major modification have been incorporated. 

 385-388 “To evaluate risk assessment of HAT, regular screening campaigns of 

humans for T. brucei gambiense using microscopy, Loop-mediated isothermal 

amplification (LAMP) and RDT-kit have been undertaken by the Ministry of public 

health and its partners within the historical HAT-foci in Southern Chad”. At the 

moment, case definition in Chad for HAT is based on CATTs test at certain titer 

dilution (I think 1/16). Other direct (e.g. LAMB, mAECT) or indirect (e.g. 

trypanolisis) tests are not as common as in other countries. 

The description is modified see 583 to 587. We thank the reviewer for the suggestion. 

 397-399 “It is the first study conducted in two Chadian HAT foci using a molecular 

identification tools, i.e. ITS1 amplification supported by gGAPDH analyses and 

sequencing to screen at the same time the tsetse fly vector, as well as human and cattle 

as definitive mammalian hosts”. I know there are differences, but please see 

https://www.parasite-

journal.org/articles/parasite/full_html/2020/01/parasite200101/parasite200101.html 

Thank you for bringing the study to our attention which we included in the discussion section 

(line 589). There are still differences in the approach of the two studies as well as the target 

hosts. Nevertheless, it gave some other values concerning the presence of T. b. gambiense in 

the foci. 

 “Diversity and distribution of trypanosomes in the area”: 

431-432 “The evidence of high trypanosome frequency in cattle (see S5 Table for 

details) vigorously supports our observation of high frequency in tsetse flies”  In my 

view, the data shared by the authors show a clear distinction between the findings 

between Mandoul and Maro.  Thus: 

Mandoul: 

- Hard to find flies (because probably there are not many) 

- T. theileri is predominant in cattle (transmitted mostly by tabanids), with some T. 

vivax (which can be transmitted by other biting insects) 

- Neither T. congoloense nor T. brucei found (transmitted by tsetse) 

- Do the above imply that the incidence of tsetse-transmitted tryps might be 

approaching zero? 
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From this investigation, we can assume that in the Mandoul area, Tiny Target's 

implementation reduced the tsetse population and thus trypanosomes which this vector can 

transmit. This has also been stated in an already published paper (Line 146 and 714, Mahamat 

et al., 2017). Possibly tsetse-transmitting tryps might be approaching zero. However, more 

data and coverage from other sites in the focus than those visited (by including tsetse, 

humans, and reservoirs) could give more light to this assumption.  

 Maro: 

- Tsetse were collected in relatively good numbers 

- T. congolense predominant 

- More variability in Tryps spp 

- Do the above suggest that in Maro tsetse are vectoring human and cattle Tryps? 

We draw the conclusion that yes indeed this is suggested, see Discussion line 690, 717 and 

724. 

 Could the vectors explain the differences in the seasonality for each Tryp spp? 

Not for all trypanosome species, but certainly for T. congolense and T. brucei as it is already 

known that in the dry season when the tsetse populations are reduced, their incidence in the 

herds is also reduced. Nevertheless, the frequency of T. vivax could be high in the dry season 

as other biting insects could also transmit it (Line 750 - 756). Therefore, this could also be the 

case for the other trypanosome species that other vectors can transmit. 

 The authors mention in the discussion that cattle participating in the study might have 

been biased, as perhaps owners presented sick animals hopping for a treatment.  This 

might explain a relatively high infection rate in cattle. Was there any bias in the 

selection of human participants? (see above) 

See line 156 to 162 (for more details see S2 Text line 14-18: “In order to proceed with the 

selection, households were numbered and a total of 6 to 16 households (see the paragraph 

below) in a selected village were drawn for participation. A chosen household included all its 

members automatically”.  

The number of the households per village depends on the number of members of selected 

households. i.e. if one household has for instance 16 members, the chance to include many 

following households in the same village is reduced, since we targeted to include maximum 

of 70 participants per village. 

 440-442 “The relevant result emerging from the data is the high frequency (Table 1) 

and diversity (see S5 and S7 Tables for details) of trypanosomes in cattle in both foci”. 

As mentioned above, I don’t see it that way.  I think the most relevant result is 

precisely the differences between both sites. 

Thank you for dragging our attention on that aspect. For this reason and those mentioned 

above, we reconstructed the discussion, which now includes sections that follow the 

suggestions, e.g., line 568 and 573. 
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 442-444 “Another finding and not the least was that, in the Mandoul focus T. theileri 

was abundant, whereas only very few T. vivax and T. simiae were found and there was 

no evidence for T. congolense, neither in cattle nor in humans”.  This seems a 

repetition of the results without the discussion.  How do the author explain this 

result?  See above 

This is taken into account in the new discussion, and the tendency of trypanosomes presence 

or absence in a focus is explained (line 722-736). 

 “Diversity of known trypanosomes” 

446-450 “The T. b. gambiense DNA that was detected in one child and one old man in 

the Maro focus, confirmed the presence of the parasite in the area…”.  The authors 

state that the two cases proved the presence of T. b. gambiense in Maro. Instead of 

“Interestingly, none of the samples collected in Mandoul was T. b. gambiense positive, 

and this is in agreement with the reduction of its incidence reported by Mallaye” the 

author should be consistent with the way reporting for Maro, i.e. confirmed presence 

vs. non-confirmed presence.  Is this “in agreement with the reduction in the 

incidence”?  Probably yes, but this is not proof of it.  With this small sample size, 

rather than using the data to infer an epidemiological situation, I think it would be 

more honest to use the results in terms of proven or non-proven presence of the 

parasite. 

Thank you for the suggestion which leads us to modify the structure of the discussion (line 

587 - 594). 

 456-459 “Interestingly, T. vivax clustered in two clades, with both present in samples 

collected from the Maro focus. One of these clades groups with the East African T. 

vivax (EA) with a strong homology and high similarity. This clade EA was described 

for the first time in Tanzania [49], then in Nigeria [28] and in Cameroon [31] in 2019, 

and now in Chad in this study”. If the clade has been identified in Nigeria and 

Cameroon, why is it so surprising finding it in Chad?  

In the literature, it was identified as the East African clade, and there is evidence of its 

presence in West and Central Africa reported recently. Therefore, we wanted to point out that 

this is a clade not restricted only to Eastern Africa, and its identification could be due to the 

sequencing data that are now more involved (Line 643). 

 Any speculation about how the dispersion and diversity of T. vivax across Africa?  

T. vivax is widely spread, including tsetse-free areas as well as many animal species such as 

camel, cattle, etc. are infected. The available sequences in the database and previous reports 

pointed out so far from our knowledge, the two clades (EA and AA) with a mention of large 

distribution of the A/A clade as mentioned in line 647. So, thorough sequencing of samples 

from different locations and origin in Africa might lead to identifying other clades 

(subspecies) as already reported in the literature (Adam et al., 2010). 

 476-477 “T. theileri was not observed in the tsetse samples which confirms its 

transmission independently from tsetse.” The sentence if quite vague.  We know that 
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T. theileri is mostly transmitted by tabanids. In my opinion, the main point to be made 

about T. theileri in Maro and Mandoul is that the predominant Tryps spp in Mandoul 

is not transmitted by tsetse (because tsetse are close to annihilation); on the other 

hand, Tryps spp in Maro are more diverse. 

Thank you for suggesting this. It is taken into account (line 579). 

 487-489 “The identification of T. godfreyi and T. simiae in different tsetse fly tissues 

and cattle, common across the African continent [56], [57] suggests that the vector 

would have fed on wild animals such as warthogs”. Why??  The population of 

domestic pigs are far larger than that of warthogs.  Presumably, T. simiae are a 

problem for pigs. 

This part was found less necessary and was deleted from the revised discussion. 

 513-514 “The more the animals get old, the more their susceptibility to pathogenic 

species is high, as age-related resistance to trypanosomes is recognised” As explained 

by Vale, Torr and others, the body mass of the host is directly correlated to the 

attraction of tsetse; thus, old (and heavy) cattle attract more tsetse than calves. 

Thank you for the suggestion. See line 410.  

 Relevance for the area(s) 

624-629: If by the “elimination campaign” the authors refer to the use of SIT, as far as 

I know, this has not started yet.  No release of sterile males was done during the time 

reported in this manuscript.  The elimination project (using SIT) was attached to an 

existing project aiming to eliminate HAT transmission (not necessarily tsetse).  And 

yes, that is being done using Tiny Targets, although PATTEC has nothing to do with 

it. 

This is essential information. The “elimination campaign” term is changed with tsetse control 

when it addresses the issue of tsetse.  

 638-639: There isn’t any tsetse elimination campaign in Maro.  There is a tsetse 

control operation, aiming (in addition to case detection and control) to eliminate the 

transmission of HAT.  It started in 2018.  Note than the river is the natural border 

between Chad and CAR (sometimes the river is just 5-10 m wide, some time a few 

hundreds) and all the efforts were done on the Chadian side, only. 

The correction has been made concerning the tsetse control, e.g. line 717. 

 Conclusions: 

677 It might be worth mentioning somewhere that the current WHO goal is the 

“elimination of HAT transmission” by 2030. 

The correction has been made see, line 768-769. 

 679 As above, the aim of the Tiny Targets is not the elimination of tsetse.  In 

Mandoul, and Mandoul only, there is a new project to implement SIT, but (if I’m not 

wrong) the release of sterile males has not started yet. 

The correction has been made see above. 
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Editorial and Data Presentation Modifications? 

Reviewer #1:  

 (No Response) 

Reviewer #2:  

 Attention needs paying as references are out of order, eg: line 629-630 references 

Mahamat et al [23] but in the references on line 777 [23] is Targeting Tsetse on 

LSTM's website. 

Thank you for the kind remark. We check all the references, including the stated ones. With 

the restructuration of the discussion, some of the references are deleted. 

Reviewer #3:  

 68-69 “Despite the WHO goal to eliminate it by 2020, HAT is still a public health 

problem, because 70 million people in 36 sub-Saharan African countries are at risk of 

infection”.  Actually, the 2020 goals established by WHO were globally achieved by 

2018; that was according to their own definition of “public health problem” (i.e., 

<1/10,000 cases, >90% of endemic foci; and <2,000 cases worldwide). The current 

goal is the elimination of transmission. 

Description modified see line 73. Thank you 

 87-89 “The main insect vector in Africa are flies of the genus Glossina (Glossinidae: 

Diptera). However, the parasites can also be transmitted mechanically by other biting 

flies such as tabanids and Stomoxys”.  Although, this is true for some Trypanosoma 

spp (e.g. evansi, theileri, vivax…), I find the statement a bit too general. 

We prefer to leave it like this from our point of view as it gave a global idea to the reader (line 

92). However, we add a sentence concerning T. theileri. 

 

Summary and General Comments 

 Use this section to provide overall comments, discuss strengths/weaknesses of the 

study, novelty, significance, general execution and scholarship. You may also include 

additional comments for the author, including concerns about dual publication, 

research ethics, or publication ethics. If requesting major revision, please articulate the 

new experiments that are needed. 

Reviewer #1:  

 Please see attached document. 

The comments into document are all taken in consideration in this letter (see in the last 

sections below).   
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Reviewer #2:  

 This represents interesting and insightful work, which I want to see published.  

There are aspects of the paper that need refining which will greatly benefit the reader. 

Details of some methods that have been used are absent from the appropriate section. 

Results section will benefit from being revised.  

The assertion that atypical trypanosomes could threaten HAT elimination should be 

accompanied by a reminder of your sentiment in lines 399-403 thereby ensuring the 

reader takes away an unbiased conclusion.  

We thank the reviewer for the positive remarks. The suggestions were considered. 

 From my knowledge the fieldwork was undertaken for this project predates work on 

eradicating tsetse in Mandoul, there was ongoing tsetse control by the consortium of 

PNLTHA, FIND, IRD and LSTM as part of the drive against gHAT. As such 

reference to eradication in Mandoul is misleading and should be reworded as ongoing 

tsetse control. The article repeatedly refers to the FIND, IRD, LSTM operation as 

tsetse elimination, which is inaccurate, the project is objective to control tsetse to 

thereby reduce the risk of infection in gHAT foci and not to eliminate tsetse, this 

should be addressed throughout.  

We thank the reviewer for remaining us the important terms. “tsetse elimination” term is 

replaced in the revised version by “tsetse control”. 

 Abstract refers to trypanosomosis in humans, this should be trypanosomiasis for 

disease in humans.  

Corrected was done, see Abstract line 19. Thank you 

 

Reviewer #3:  

 The authors present in the manuscript a comprehensive study of the two main HAT 

foci in Chad, including parasitology, epidemiology, entomology, population 

genetics…  The amplitude of the study has advantages and disadvantages.  On the one 

hand, it is very informative (the authors report the Tryps spp circulating in both foci), 

but on the other hand, it lacks an obvious ‘selling point’ that may appeal potential 

readers.  After reading the manuscript with interest, in my opinion, the data contains 

some implications that are not properly highlighted and discussed, and other perhaps 

less important with too much detail.  The weakest part is probably the discussion, 

when the authors have the chance to convince readers why their work is relevant.  It is 

indeed useful to know the Tryps spp circulating in humans, cattle and tsetse vectors, 

but in practical terms, some spp are more important than others. 

For example, the authors dedicate extensive paragraphs to discuss things like ‘atypical 

HAT’, or Tryps spp than hardly cause any symptoms in livestock; spp of less medical 

or veterinary importance can be mentioned briefly, and expand on, for example, T. b. 

gambiense, T. b. brucei, T. congolense, T. vivax and perhaps, T. simiae.  Conversely, 

what it is probably the most interesting points of the research are not discussed in the 



 14 

length they deserved. 

My first advise for the authors would be to recognise the weakest points in the data, 

and highlight the strongest ones.  For example, the sample size seems low, and 

probably the recruitment of cattle and people were not randomised.  That means, the 

%s reported may not represent the whole population (not valid for epidemiological 

extrapolations).  That is not a big problem, as they can still report relative frequency of 

the different parasites (in flies, cattle and human), and for those less common, 

presence confirmed vs. presence non-confirmed. 

As a reader, I would like to see the differences between both foci: what those 

differences are and why.  To show this, the reader needs to understand from the 

beginning what makes Mandoul and Maro so different: 

- As a tsetse habitat, Mandoul represents an ecological island: it is isolated, and the 

risk of reinvasion is very low. 

- Before 2014, when the only approach to control HAT relied solely on case detection 

and treatment, Mandoul was by far the most active HAT focus in Chad (some 

numbers would be good).  The addition of vector control reduced dramatically the 

number of cases to a handful. 

- As the number of cases in Mandoul declined, PNLTHA increased the efforts to 

identify new cases in areas that up to that moment were considered of less importance 

(including Maro).  I’m quite convinced that the increase in the number of cases in 

Maro was the result of the additional efforts (at least in part). 

- The tsetse habitat in Maro, on the other hand, is open for reinvasions.  The 

deployment of targets started in 2018 and probably did not have any impact in this 

study.  In the long term and due to the differences, we don’t expect to have the same 

results as in Maro. 

With this background, the data suggest that the presence of Tryps in Mandoul can be 

explained without tsetse, but the opposite is true in Maro, whereas in Maro tsetse-

transmitted Tryps were found in larger proportions, and the spp variability was much 

greater.  The difficulties to collect tsetse in Mandoul seems to support this 

idea.  Tsetse-transmited Tryps are of medical or veterinary importance (e.g. T. b. 

gambiense, T. congolense…), so that looks like a good thing.  This could lead into a 

subsection in the discussion: practical implications; or what we need to do in Maro, so 

it can look more like Mandoul. 

This contrasts with the recently published paper by Vourchakbe et al 

https://www.parasite-

journal.org/articles/parasite/full_html/2020/01/parasite200101/parasite200101.html 

Vourchakbe and colleagues reported a higher proportion of T. b. g. in Mandoul, 

compared to that of Maro (Tryps found in goats, sheep, dogs and pigs, and they did 

not sequence the amplicons). 

Probably there isn’t enough data to support big statements about potential 

trypanotolerant cattle breeds.  We also need to consider other variables associated with 

breeds: for example, Arab zebu might look like trypanosensitive according to infection 

rates, but as the breed of nomadic heads, they are also exposed to different 

risks.  Cattle are specially exposed when they cross rivers, and nomadic cattle does 

https://www.parasite-journal.org/articles/parasite/full_html/2020/01/parasite200101/parasite200101.html
https://www.parasite-journal.org/articles/parasite/full_html/2020/01/parasite200101/parasite200101.html
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that more often than stable cattle.  Another factor to consider (commented briefly by 

the authors) is the potential correlation between seasonality of certain Tryps spp and 

their vectors (e.g. tsetse, horseflies…).  And, talking about vectors, the authors should 

mention the name of the tsetse, at least once: Glossina fuscipes fuscipes. 

If the authors agree with me, they should probably indicate more clearly in the 

introduction the objectives of the study (e.g. to compare presence/absence of different 

Tryps spp -- in cattle, people and flies -- in Mandoul and Maro, or something along 

those lines).  Then, the methods will fit with the objectives easily. 

In agreement with that, I would also recommend a change in the title.  First, I’m not 

sure why the current title is “Unexpected Trypanosoma species…”.  I think the species 

found fit reasonably well with what it was expected.  Furthermore, to me, the title 

should highlight the differences found in the two areas.  This is to me the main 

‘’selling point” of the article. He points out that the focus should be on the differences- 

see title suggestion 

For all this, I’ll recommend the editor to accept the manuscript, although I think it 

should be reviewed by the authors, specially the discussion section. 

 

Thank you for the very good points that are highlighted, which improve the understanding of 

the manuscript. Therefore, following this strategies, comments and suggestions, besides those 

from the 2 other reviewers and the editor notes, we made significant changes in the structure 

and the main messages of the manuscript, starting from the aims through the methods, results 

and discussion sections.  

 

“reviewComments”  

This study estimated trypanosome prevalence and genetic diversity from two trypanosomiasis 

foci in Chad. There were no clear aims of the study outlined in the Introduction, other than to 

‘investigate the genetic diversity and interrelationship of trypanosomes present in these 

areas’ and no motivation as to why this would be important to do. As written, it therefore 

comes across as a bit of a ‘fishing expedition’ – while in some circumstances this may be 

acceptable, there is attempt in the manuscript to make comparisons between groups of 

individuals and sites based on the results but with no clear study design, power analysis or 

statistical tests to do this. While I acknowledge that potentially valuable data has been 

collected and should be published, I would recommend either a much clearer focus and 

justified approach, with detailed Methods, or a shorter paper/ note to detail the trypanosomes 

detected if the study is not powered to make comparisons. As I would recommend a major 

revision, I have not included here any minor comments on the manuscript. As summary of the 

major points is provided below: 

 

 In the Introduction, a discrete set of aims should be provided that then relate to each 

section of the Methods.  



 16 

We thank the reviewer for the remark. We provide the aims in the Introduction and objectives 

(line 123 to 133). Sections of Methods are now shifted in shorter forms from the supporting 

information S1, S2 and S3 Text to the main manuscript body.  

 In the Results, human and cattle trypanosome prevalence data are presented without 

estimates of uncertainty, comparisons are made between a number of factors, but no 

details of the power analysis and study design with which to make these comparisons, 

or the statistical tests used, are provided in the Methods.  

We incorporated the power analysis that we applied to get the sample size in both foci for 

humans and cattle using the open-source Epidemiologic statistics for public health software 

Version 3.01; knowing the human and cattle populations in these areas, as stated in the 

Manuscript (line 163-171 for the humans and line 178 to line182 for the cattle).  

The study design is more detailed in the supporting information S2 Text from line 5 to line 

18, and line 34 to 37. However, some parts of it are given in the manuscript (line 156 - 162 

(for the humans) and line 173 to 178 (for the cattle)). 

The statistical analysis applied in this study is provided in line 257 - 267. Estimates of 

uncertainty are also inserted in all trypanosome’s frequencies.  

 I noticed there are some p-values in the results, but it is not clear where these come 

from. 

We thank the reviewer for pointing this out. Now it is clarified, including the description of 

the statistical analysis used as stated above.  

 There is also insufficient reasoning as to why the detailed questionnaire data were 

collected, for either the cattle or the human population, or how study villages were 

selected. More detail needs to go into the main section of the Methods with respect to 

study design and power analysis -motivated by a clear set of aims – and then the 

statistics used to analyse the data. 

Again, we thank the reviewer for suggesting that. As stated above, parts of the supporting 

information S1, S2, and S3 Text are now shifted in shorter forms into the main Method 

section. The villages were randomly selected (line 156 and line 174), as well as the breeders 

(line 175). However, random selection was biased (line 176) as the animals were partly 

chosen by the herdsmen themselves, presenting some animals apparently sick. This is mainly 

observed in the nomadic settlements. In the sedentary group, the herdsmen did not possess 

many heads; thus, a chosen herdsman would provide all of its animals unless they were absent 

during the blood collection. 

Households were drawn, as indicated in line 158. As for the questionnaire for humans, the 

indices such as age, gender, health status, and previous and/or current infections including 

HAT, were addressed. This gave information on which group, there will be most 

trypanosomes evidence (line 309, line 590, and line 595). For the animals as well, age, 

gender, community structure (i.e., nomadic, sedentary), and breeding system etc. were 

addressed (line 183).  

 In the Discussion, the authors state that HAT cases have been decreasing in Mandoul, 

but there was a resurgence of 23 new cases in Maro. From this the authors state that a 

more comprehensive picture of the situation is needed. This information is not 

provided in the Introduction, which may help with motivation,  

The remark is considered (Introduction line 106 and line 116). 
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 But again, this still isn’t clear justification for the necessity of the study given at the 

moment it neither fully focusses on genetic diversity, nor focusses on comparisons 

between the two foci. 

We thank the reviewer for this suggestion. As included in the revised manuscript, the study 

aims are to investigate the circulating trypanosomes, including the occurrence of potentially 

zoonotic species in humans and livestock, and in their biological tsetse vector in two active 

HAT foci, Mandoul and Maro (Introduction line 123 - 125). This involves molecular 

identifications which will exhibit the genetic diversity of the species identified in the two 

areas. As the situation in the two foci is different (tsetse control existing in Mandoul and not 

started in Maro, or Maro is an open area bordering the CAR and Mandoul, an isolated area for 

tsetse habitat), we expected to observe differences in terms of trypanosomes diversity and 

tsetse population presence. And this has emerged from the data (we caught more tsetse in 

Maro while in Mandoul they are rare). As a particular note, there is a presence of pathogenic 

species in humans and cattle in Maro and their absence in the analysed samples of Mandoul. 

In this area, T. theileri is largely identified in cattle. Presence of atypical trypanosomes was 

observed in humans. 

As recommended, significant changes have been made in all sections (aims, methods, results 

and discussions). 
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