
  
  ザンビア共和国におけるトリパノソーマ病の疫学調査と伝

播経路の探索

  誌名 The journal of veterinary medical science
ISSN 09167250
著者名 目堅,博久

今内,覚
Simuunza,M.
Chembensofu,M.
加納,里佳
Witola,W.H.
Tembo,M.E.
Chitambo,H.
井上,昇
小沼,操
大橋,和彦

発行元 Japanese Society of Veterinary Science
巻/号 70巻9号
掲載ページ p. 923-928
発行年月 2008年9月

    
農林水産省 農林水産技術会議事務局筑波産学連携支援センター
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council
Secretariat

Powered by TCPDF (www.tcpdf.org)



FULL PAPER Parasitology 

Prevalence and Source of Trypanosome Infections in Field-Captured Vector Flies 

(Glossina pallidipes) in Southeastern Zambia 

Hirohisa MEKATA1l， Satoru KONNAI1l， Martin SIMUUNZA2l， Mwelwa CHEMBENSOFU2l， Rika KAN01l， 

William H. WITOLA1l， Mwase E. TEMB02l， Harrison CHITAMB02l， Noboru INOUE3l， Misao ONUMA1l and 

Kazuhiko OHASHI1l* 

/)Department of Disease Control， School of Veterinary Medicine， Hokkaido Uniνersity， Sapporo， 060-0818， Japan， 
2!Epidemiology Section， Disease Control Department， School of Veterinary Medicine， University of Zambia， P.O. Box 32379， Lusaka， 
Zambia and 3Wational Research Center for Protozoan Diseases， Obihiro University of Agriculture and Veterinary Medicine， Obihiro， 
080-8555， Japan 

(Received 12 D巴cember2007/Accepted 13 May 2008) 

ABSTRACT. The preval巴nceof trypanosome infections in tsetse f1ies， Glossina pallidipes， collected from Chiawa and Chakwenga in Zambia 
with endemic trypanosomosis was assessed by polymeras巴 chainreaction (PCR). Out of th巴 550G. pallidipes， 58 (10.5%) fIi巴swere 
found to harbor trypanosome DNA. Infection rates of tsetse with T，η'panosomaνivax universal， Trypanosoma congolense savannah， 7ぺ
congolense forest and T. congolense kilifi were 4.2% (23/550)， 4.7% (26/550)， 1.1 % (6/550) and 1.6% (9/550)， respectiv巴ly.To deter-
mine the mamrnalian hosts of T. congolense and T. vivax infections from the tsets巴f1ies，mammalian mitochondrion DNA of blood meal 
in these f1ies were analyzed by PCR and subsequ巴ntgene sequence analysis of the amplicons. Sequ巴nceanalysis showed the presence 
of cytochrome b gene (cyt b) of 7 different mamrnalian species such as human， elephant， buffalo， goat， warthog， greater kudu and cattle. 
Goats which were main liv巴stockin these areas were further examined to know th巴巴xtentof its contribution in spreading the infection. 
We examined the prevalence of trypanosome infections in the domestic goat population in 6 settlements in Chiawa alon巴 ofthe 86 
goats sampled， 4 (4.6%)，5 (5.8%)， 4 (4.6%) and 4 (4.6%) were positive for T. vivax universal， T. congolense savannah， forest and kilifi， 

resp巴ctively.These findings showed that the host-source of trypanosome infections in vector f1y giv巴 avital information about spread 
of infection. The result of this study will certainly contribute in elucidating more the epidemiology of trypanosomosis. 
KEY WORDS: goat， natural host，町ypanosome，tsetse f1y， Zambia. 

Tsetse flies (Glossina spp.) act as the main vector for sev-

eral trypanosome species in African countries with endemic 

trypanosomosis. The parasit巴sare transmitted to mamma-

lian hosts when infl巴ctedflies feeding on the hosts [2]. Many 

species of tsetse fly infest about 10 million square kilome-

ters and affect 37 countries in Africa [8]. Within this region， 
some 46-62 million heads of cattle and other livestock spe-
cies are at risk of the disease [27]. The common species that 

cause disease in livestock a児 thetsetse-transmitted T. con-

golense and T. vivax， and to minor extent， T. brucei brucei 

[22]. An infection with one of those trypanosome species 

may result in a chronic， debilitating，巴maciatingand often 

fatal disease [5]. Food and Agricultu陀 Organization(FAO) 

has estimated that this problem costs Africa >US$4.5 billion 

per year， which includes losses in agricultural production， 

per芭nnialexpenditure on trypanocidal drugs and other local 

intervention schemes in attempts to control trypanosomosis 

[6，11]. 

In Zambia， the prevalence of sleeping sickness (human 

trypanosomosis) is about 50 cases per year. On the other 

hand， the damage caused by nagana (animal trypanosomo-
sis) is as much extensive. Trypanocidal drugs are used to 

control the outbreak of trypanosome infection， but new 
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measures are needed because of the occurrence of drug 

resistant protozoan in the country [3]. 

In the present study， we demonstrated a molecular epide-

miological approach for both assessing the prevalence of 

trypanosome infections in field-captured tsetse flies and 

determining the possible mammalian host-source of the 

infection using the combination of species-specific PCR and 

sequence analysis of amplicon of tsetse-extracts-derived-

DNA. 

MATERIALS AND METHODS 

Sampling sites and tsetse trapping: The survey was car-

ried out in two areas namely Chiawa and Chakwenga in th巴

Lower Zambezi region of the Republic of Zambia in Febru-

ary， 2006 (Fig. 1). Almost all tsetse flies which were distrib-

uted in these areas were G. pallidipes [7]. In these areas， 

trypanosome infections in tsetse flies had previously been 

detected approximately 5% by microscopic examination 

(Regional Center for Trypanosome and Tsetse control， 
unpublished data). However， detailed epidemiology inves-
tigation was never performed 

In this study， we used biconical traps to collect tsetse flies 

[28]. Ten biconical traps were deployed in every 1 km dis-

tance along the Lower Zambezi river in Chiawa and one 

biconical trap in the forest of Chakwenga. To attract the 

flies， a 5 ml sachet containing 3-n-proplyphenol/4-meth-
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Fig. 1. A sketch map of Zambia showing the sampling 
areas. 

ylphenoVoctanol (1: 12:6， v/v/v) was attached to each trap， 

and a bottle containing 300 ml of acetone was placed at the 

trap entrance. The traps were positioned under tre巴shades
to reduιe f1y desiccation du巴toheat. The trapped f1ies were 
collected daily and individualIy packed to avoid cross-con-

tamination. These were exarnined microscopically to deter 

mine the species and sex 
DNA extraction: After removing the fly's wings， DNA 

samples were individually extracted by disintegrating the 
body using detergent Iysis buffer (200 m恥1Tris-HCI pH 8.0， 
5 mM EDTA， 0.3% SDS and 400 mM NaCI) containing 20 
μg/ml of Proteinase-K (Wako Pure Chemical Industries， 
Ltd.， Tokyo， Japan). Subsequently， phenol-extraction was 

performed as previously described [14]. 

PCR: Repressing the DNA amplification of trypanosome 

gene from tsetse fly rnidgut by conventional PCR was previ-

ously reported because of the presence of certain inhibitors 

Table 1. PCR primers used in this study 

Specificity Primers Prim巴rsequence 

[24]. To neutralize this， Ampdirect@ Plus (Shimadzu Bio-
tech Co.， Tsukuba， Japan) and Nova TaqTM Hot start DNA 

Polymeras巴 (Novagen，Madison， WI， U.S.A.) was used for 
出ePCR. This modified PCR amplification was carried out 
in a reaction rnixture containing 10 μ1 of Ampdirect@ Plus， 

0.1μ1 of Nova Taq ™ Hot Start DNA polymerase and 2μlof 

primer mix (100 pmol each)， 1.0μ1 of template DNA sam-

pl巴，and PCR-grade water to make up the volume of 20μ1. 

The primer sets used are shown in Table 1. Primers used 

correspond to the following taxonornic groups: T. congo-

lense savannah， forest and kilifi，主 vivaxWest African type 

and universal. For the detection of T. vivax universal， 

cycIing conditions had an initial denaturation at 950C for 10 

rnin， followed by 50 cycIes of 940C for 30 sec， annealing at 
680C for 1 rnin， and extension at 720C for 1 min. A final 

extension was done at 720C for 7 min. For the T. vivax West 
African type， T. congolense savannah and T. congolense 

forest， the amplification conditions were the same as above， 

except that annealing temperature was at 600C while for T. 
congolense kilifi was at 570C. The PCR products were 

resolved by electrophoresis through a 2.0% agarose gel. 
Positive and blank control samples were incIuded in each set 

of reactions. 

Sequence analysis: Identification of vertebrate host spe-

cies was done by PCR amplification and sequencing of ver-

tebrate rnitochondrion cyt b from tsetse DNA extracts as 

previously described [26]. The primer pair Ll4841/H 15149 
was us巴dfor th巴amplificationof vert巴braternitochondrion 

cyt b. The PCR conditions were the same as described 

above， except that the annealing temperature was 570C. The 

PCR products wer巴resolvedby gel electrophoresis through 
a 1.0% agarose gel， purified using the Gene-cIean-III Kit 

(Q-BIO gene， Solon， OH， U.S.A.) and cloned into the 

pGEM T-Easy vector (Promega， Madison， WI， U.S.A.) for 
sequencing. Colonies of Escherichia coli DH5α(Promega) 

cells transformed with the recombinant pGEM T-Easy vec-

tor were suspended in 20μl reaction mixture containing 

PCR buffer， 0.2μM of either primer T7 or SP6 (Promega) 

and 2.5 units of rTaq polymerase (Takara， Ostu， Japan). The 
PCR conditions had initial 5 rnin incubation at 940C， fol-

lowed by 40 cycIes of incubation at 940C for 30 sec， 480C 

Product length (bp) Reference 

T.congolense savannah 
デTCSI タ CGA-GAA-CGG-GCA-CTT-TGC-GA-3'

369 [19) 3'TCS2 デーGGA-CAA-ACA-AAT-CCC-GCA-CA-3'

T.congolense forest 
タTCFI デーGGA-CAC-GCC-AGA-AGG-TAC-TT-3'

350 [19) 
3'TCF2 5'ーGTT-CTC-GCA-CCA-AA T一CCA-AC-3'

主congolensekilifi 
デTCKI デーGTG-CCC-AAA-TTT-GAA-GTG-AT-3'

294 [19) 
デTCK2 5'-ACT-CAA-AAT-CGT-GCA-CCT-CG-3' 

T.viva.x West Af討canType 
デTVWA 5' -GTG-CTC-CA T-GTG-CCA-CGT -TG-3' 

175 [18) 
デTVWB 5' -CA T -ATG-GTC-TGG-GAG-CGG-GT -3' 

T.viνa.x uni versal 
5'TVMF 5'-TCG-CTA-CCA-CAG-TCG-CAA-TCG-TCG-TCT-CAA-GG-3' 
3'TV恥fRY-CAG-CTC-GGC-GAA-GGC-CAC-TTG-GCT-GGG-GTG-T 399 [17) 

5'Ll4841 5'-GCC-CCT-CAG-AAT司GAT-ATT-TGT-CCT-CA-3'
Cytbofvetebate'smtDNA 3'H15149 5'ーCCA-TCC-AAC-A TC-TCA-GCA-TGA-TGA-AA-3' 359 [13) 

Goat s-globin 5'PC03 デーACA-CAA-CTG-TGT-TCA-CTA-GC-3'
113 [14) 3'PC04 デーCAA-CTT-CAT包CCA-CGT-TCA一CC-3'
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for 1 min， and 720C for 2 min， with a final extension at 720C 

for 10 min. The PCR products were purified again as men-

tioned above. Using the Quick Start kit (Beckman Coulter， 

lnc.， Full巴rton，CA， U.S.A.) according to manufacturer's 
instruction， PCR products were purified then sequenced and 

analyzed using the CEQ 2000 Dye Terminator Cycle 
Sequencing. Identification of the host species was per-

formed using BLASTn. Vertebrate host was ascertained if 

sequences from at least five cIones per fly corresponded to 
the same vert巴bratehost 

Detection of tη'panosome in goats: To survey th巴pr巴va-

lence of trypanosome infection in goats. Blood samples 

were obtained from 86 domestic goats randomly selected 
among 6 settlements located in Chiawa wher巴 tsetseflies 

had been captured for the previous analysis. DNA samples 

were obtained from 0.3 ml of the blood samples' buffy coat 
layer using the Wizard™ Genomic DNA Purification kit 

(Promega)， according to the manufacturer's instructions. 

PCR detection of trypanosome subgroups-specific gene 

fragm巴ntsin the DNA templates were performed as 

described above. As internal control， goat s-globin gene 
was amplified using prim巴rpair PC03/PC04 in each test 
sample. 

Statistical analysis: Chi-square analysis was used to 
determine the significance of diffl巴renc巴sin trypanosome 

infection rates between female and male tsetse flies. P val-

ues of less than 5% were considered statistically significant. 

RESULTS 

The prevalence of trypanosome irifections in tsetse jlies: 
Only G. pallidipes tsetse flies were captured in significant 
numbers from both the Chiawa and Chakwenga areas. Of 

the 492 (101 males and 391 females) and 58 (28 males and 
30 females) flies captured in Chiawa and Chakwenga， 

respectively， 2.8% (14/492) from Chiawa and 15.5% (9/58) 
from Chakwenga were positive for T. vivax universal. How-

ever， no T. vivax West African type was detected from both 
areas. The detection rates of the T. congolense savannah， T. 
congolense forest and T. congolense kilifi in Chiawa were 
4.2% (21/492)， 1.2% (6/492) and l.8% (9/492)， respec-
tively. Only T. congolense savannah was detected， 8.6% (51 
58)， in Chakwenga. Of the 44 f1ies from Chiawa， 38 

Table 2. Detection of trypanosome in field-captured tsetse flies 

(86.3%) and 6 (13.6%) had single and mixed infection， 

respectiv巴Iy(Table 2). Among the flies with mixed infec-

tion， two had T. viv似 universaland T. congolense forest， 
three had T. congolense savannah and T. congolense kilifi， 

and one had T. congolense savannah and T. congolense for-
est. Meanwhile， the overall infection rate of flies in Chak-
wenga was 24.1 % (14/58) with all cases having single 
infection with either T. vivax universal or T. congolense 
savann油. There was higher infection rate in female G. pal-
lidipes flies (40/391， 10.2%) than in male flies (41101， 
4.0%) (x2=13.87， Pく0.005)(Table 2). Howev巴r，ther巴was

no significant difference in the infection rate between male 

and female flies in Chakwenga area. 

The host-source of trypanosome infections in vector jly: 
To determine the host species in tsetse flies infected with T. 
congolense and T. vivax， we assayed for the presence of ver-

tebrate host mitochondrion cyt b by PCR， and the amplicons 
were analyzed by sequencing. A total of 6 different mam-

malian species were identified from the infected flies cap-

tured in Chiawa such as human (Homo sapiens)， African 
forest elephant (Loxodonta cyclotis)， African buffalo (Syn-
cerus cq酔r)，goat (Capra hircus)， greater kudu (Tragela-
phus strepsiceros) and warthog (Phacochoerus africanus). 
Twelve samples had human mitochondrion DNA and 15 

with mixed DNA from wild animals and livestock. This 

result was similar in Chakwenga except for the exclusion of 

warthog but inclusion of cattle (Bos taurus) (Table 3). 

Four trypanosome-infected f1ies were positive for 
Caprine cyt b， suggesting that the flies could have become 
infected aft巴rfeeding on goats. To deterrnine this possibil-

ity， the prevalence of trypanosome infections in goats in 
Chiawa was examined further. A total of 86 goats from 6 

settlements with various sizes were individually analyzed 

for the presence of T. vivax (universal and West African 
type) and T. congolense (savannah， for巴stand kilifi) DNA 

(Table 4). A total of 14 goats (16.2%) were positive for try-

panosome infections， with 4 (4.6%)， 5 (5.8%)，4 (4.6%) and 

4 (4.6%) ofthe cases being 主 vivaxuniversal， T. congolense 
savannah， T. congolense forest and T. congolense kilifi 

infections， respectively. One goat (1.1 %) had mixed infec-

tion with T. congolense forest and kilifi， while another 
(l.I%) had T. vivax universal， T. congolense savannah and 
forest (Table 4). 

Number of positive flieslNumber of flies examin巴d(%) 

Chiawa Chakwenga 

Male (n=IOI) Female (n=39 1 ) Total (n=492) Male (n=28) Female (n=30) Total (n=58) 

T. viv似 universal 2/101 (1.9) 12/391 (3.0) 14/492 (2.8) 4128 (14.2) 5/30 (16.6) 9/58 (15.5) 
T. vivax West African type 0/101 (0) 0/391 (0) 0/492 (0) 0/28 (0) 0/30 (0) 0/58 (0) 
T. congolense savannah 01101 (0) 21/391 (5.3) 21/492 (4.2) 3/28( 1 0.7) 2/30 (6.6) 5/58 (8.6) 
T. congolense forest 2/101 (1.9) 4/391 (1.0) 6/492 (1.2) 0/28 (0) 0/30 (0) 0/58 (0) 
T. congolense kilifi 1/101 (0.9) 8/391 (2.0) 9/492 (1.8) 0128 (0) 0/30 (0) 0/58 (0) 

Mixed infl巴氾tIon
T. c. savannahJT. c. kilifi 0/101 (0) 3/391 (0.7) 3/492 (0.6) 0128 (0) 0/30 (0) 0/58 (0) 
T. c. for巴stlT.νuniversal 1/101 (0.9) 1/391 (0.2) 2/492 (0.4) 0/28 (0) 0/30 (0) 0/58 (0) 
T.c目 for巴stlT.c. savannah 0/101 (0) 1/391 (0.2) 1/492 (0.2) 0128 (0) 0/30 (0) 0/58 (0) 
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Identification of host species from blood meals in trypanosome-infect，巴dtsetse flies Table 3. 

Total 

Number of trypanosome infected flies with vertebrate cyt b 

Chiawa Chakwenga 

T. c. f c) T. C. kd) Total T. v. u T. c. s 
(n=6) (n=9) (n=44) (n=9) (n=5) 

T. C. Sb) 

(n=21) 
T. v. u') 

(n=14) 

Species detected 

Comrnon name (Scientific name) (n=58) 

Human (Homo sapiens) 
African forest elephant (Loxodonta cyclotis) 
African buffalo (Syncerus caffer) 
Goat (Caprαhircus) 

Warthog (Phacochoerus africanus) 
Greater kudu (Tragelaphus srrepsiceros) 
Cattle (80S taurus) 

ゆ

け

9
6
2
2
1

Total 
(n=14) 

ゥ，

suマ
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寸
今

4
n
u
t
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ウ

-
n
u
-
-
n
u

ロ
7
5
4
2
1
0

n
u
-
-
t
i
t
l
n
u
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2
1
1
0
1
0
0
 

4
1
3
0
1
0
0
 

7

5

2
勾

J
O
-
-

。 d) T. c. k主 congolensekilifi c) T. c. f:了。 congolenseforest b) T. c. s: T. congolense savannah a) T. v. u: T. vivax universal 

Detection of trypanosome DNA in goats in 6 settlements in Chiawa Table 4. 

Numb巴rof positive goatslNumber of goats examin巴d(%) 

B (n=6) C (n=16) 0 (n=26) E (n=ll) F (n=IO) Total (n=86) 

T. vivax univ巴rsal
7ぺ:vivax West African type 
T. congolense savannah 
T. congolense forest 
主 congolenseki 1 i fi 
Total 

4/86 (4.6) 
0/86 (0) 
5/86 (5.8) 
4/86 (4.6) 
4/86 (4.6) 
14/86 (16.2) 

1/10 (10.0) 
0/10 (0) 
1/10 (10.0) 
2/10 (20.0) 
0/10 (0) 
2/10 (20.0) 

2/11 (18.1) 
0/11 (0) 
0/11 (0) 

2/11 (18.1) 
1/11 (9.0) 
4/11 (36.3) 

0/26 (0) 
0126 (0) 

0126 (0) 

0/26 (0) 
2126 (7.6) 

2126 (7.6) 

0/16 (0) 
0/16 (0) 
1/16 (6.2) 
0/16 (0) 
1/16 (6.2) 
2/16 (12.5) 

0/6 (0) 
0/6 (0) 
0/6 (0) 
0/6 (0) 
0/6 (0) 
0/6 (0) 

A (n=17) 

1117 (5.8) 
0/17 (0) 
3/17 (17.6) 
0/17 (0) 

0/17 (0) 

4/17 (23.5) 

1/86 (1.1) 
1/86 (1.1) 

0/10 (0) 
1/10 (10.0) 

1/11 (9.0) 
0/ 11 (0) 

0126 (0) 

0126 (0) 

0/16 (0) 
0/16 (0) 

06(0) 
0/6 (0) 

0/17 (0) 

0/17 (0) 

Mixed infection 
T. c. f/T. c. k 

T. v. u/ T. c. f/T. c. k 

pallidipes was 2.6 times higher than in th巴 maleflies. Sim-

ilar difference has been reported previously [23]. This is 

Iikely because female flies have longer Iife span and feeding 
frequency than males. However， this difference was not 
observed in Chakwenga area probably because of the Iim-
ited number of samples coll巴ctedin the紅巴a.

A recentiy developed genetic approach for the identifica-

tion of vertebrate species in specimens uses a PCR assay 

that targets the conserved regions of the vertebrate mito-

chondrial cyt b [1，12] or 16S rRNA gene [10， 21]. Interest-
ingly， this approach was applied to determine the host-

origin of the blood meal fed by tsetse 何回 within96 hr [26]. 

Although PCR-restriction fragm巴ntlength polymorphism 

(RFLP)-based m巴thodhas the potential to develop into a 

powerful tool to know th巴 hostreservoirs of vector-borne 

diseases through comparison of known possible hosts [26]， 

however， this method cannot be used to identify unknown 

hostr巴servoirsin the field. Therefore， in this study， we used 

sequ巴nceanalysis to determine the host-origin 

By sequence analysis， we id巴ntifiedat least 6 vertebrate 

species in the tsetse DNA巴xtractscollected in Chiawa 

Based on our results， we observed higher det巴ctionrate of 

human mitochondrion DNA than other mammals， suggest-
ing that G. pallidipes in the Lower Zambezi may have pref-
erence for human or this is maybe becaus巴 thesampling 

sites were near settlement. Although， tsetse flies have be巴n

reported to show host prefer巴nc巴 intheir fe巴dingbehavior 

DISCUSSION 

Microscopic examination of disse氾t巴dfly is a widely used 

method for the det巴ctionand identification of trypanosome 

species. Howev巴r，出ismethod fails to detect early infec-

tions and cannot differentiate the species in the case of 

mixed infections. PCR has the versatility to detect early 

infections and to identify parasite species in tsetse flies [9， 
15， 19]. However， conventional PCR reagents has limita-

tion of failing to detect up to 40% of汀ypanosomeinfections 

in tsetse flies which already confirmed by microscopic 

examination， due to PCR inhibitors present in the insect's 

midgut [24]. In the present study， to overcome this problem， 
we used the Ampdired!il Plus PCR reagents that contain 

n巴utralizingsubstances for the PCR inhibitors pr巴sentIn 

tsetse DNA extracts. 

In Chiawa area， T. congolense savannah is the most fre-

quently detected species in 岡田町田 followedby T. viv似

universal and T. congolense kili白， while T. congolense for-

est was least d巴tect巴d.Surveys using PCR to identify trypa-

nosome in tsetse fli巴sshowed that mixed infections are 

common phenomenon in wild tsetse flies [16， 29]. How-

ever， further testing using other sets of primer for other 

strains is recommended to deterrnin巴thepossible existence 

of other trypanosome species and/or strains. Furthermore， 

in the Chiawa area where the majority of the tsetse flies 

W巴recaptured， th巴trypanosomeinfection rate of female G. 
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[4]， this preference is also influenced by several factors such 

as geographical distribution of animal population， and the 
animal and tsetse fly species present in a particular region 

[25]. 

Mor巴over，since goat was among the host species 

detected in the blood meal from some of the fli巴s，we further 

exantined the extent of infection in goats particularly in Chi 

awa where goats are mainly raised. In our study， we 

detected 16.2% infection rate in goats， although no observed 
clinical signs of trypanosomosis. The above results lead us 

to hypothesize that domestic goats may also serve as a r巴ser-

voir of trypanosome infection for other susceptible species 

such as cattle， though it has been commonly assumed that 
goats do not play a trypanotolerant important role in the epi-

demiology oftrypanosomosis. Similar to N'dama， a trypan-

otolerant cattle， goats might be as well as reservoirs of 

trypanosome infection for tsetse flies [20， 22]. 
Our findings have shown that domestic goats in Lower 

Zambezi may also serve as a reservoir of T. vivαx and T. 
congolense infection for other species. Therefore， counter-
measure against-infection in domestic goats， for example 
using trypanocidal drugs， may control th巴spreadof trypano-

some. 
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