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The usefulness of PCR-based assays for detecting trypanosomiasis in water buffaloes and other livestock was
explored, under field conditions, in Venezuela. The sensitivity and specificity of the assays, which were based on
established primer pairs (21-mer/22-mer and ILO1264/ILLO1265), were evaluated, partly by comparison with the
results of parasitological tests (stained bloodsmears and microhaematocrit centrifugation) and immunological
assays (IFAT) run in parallel. The optimised PCR-based assays showed a sensitivity of 10 pg DNA. The use of the
21-mer/22-mer primer pair gave a test that was specific for species in the subgenus Trypanozoon (including
Trypanosoma evanst), whereas use of ILO1264/ILO1265 produced a test that was specific for T. vivax. The results
of a hybridization assay using 7. evansi-DNA and T. vivax-DNA probes indicated no cross-hybridization between
the T. evansi and T. vivax PCR products.

The results of the bloodsmear examinations, microhaematocrit centrifugations (MHC) and IFAT indicated that
23 (6.7%), 39 (11.4%) and 135 (39.5%) of the 342 blood samples investigated (including 316 from water
buffaloes) contained trypanosomes, respectively. The results of the PCR-based assays indicated that 68 (19.9%) of
the same blood samples contained 7. vivax (or at least 7. vivax DNA), and that none contained 7. evansi or any
other member of the subgenus Trypanozoon. For the detection of trypanosomes, the assay therefore appeared
almost twice as sensitive as the MHC. These results are the first on the molecular characterization of the
trypanosomes infecting water buffaloes in Venezuela.

When the results of the MHC (which is the
most practical, and frequently used, alter-
native detection method) were used as the
gold standard, the PCR-based assay for 7.
vivax was found to have 100% sensitivity,
90.4% specificity, a positive predictive value
of 0.57, a positive likelihood ratio of 10.45,
and a negative likelihood ratio of 0.00. The
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assay therefore appears a reasonable choice
for detecting 7. vivax in the mammalian
livestock of Venezuela and elsewhere.
Trypanosoma  (Duttonella) vivax and
Trypanosoma (Trypanozoon) evanst are hae-
moprotozoan parasites that cause trypano-
somiasis in livestock, and are among the
most important constraints to animal pro-
duction in Africa, Asia and Central and
South America. Although 7. wivax 1is
the more important, causing considerable
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disease among cattle and other ungulates, 7.
evanst is the more wide-spread, thanks to the
ubiquity of susceptible hosts (Zhang and
Baltz, 1994). In Venezuela, both species are
only transmitted mechanically, by tabanids
and other biting flies such as Sromoxys
calcitrans and Haematobia irritans (Rivera,
1996).

There have only been a few reports of
trypanosomiasis in water buffaloes (Bubalus
bubalis) in Venezuela, the first being that of
Toro et al. (1978), who detected trypano-
somes in buffaloes from the Orinoco Delta,
using parasitological and serological meth-
ods, without identifying the parasite to
species level. Water buffaloes, which origi-
nate in Asia, have only been bred as
livestock in Venezuela for a few decades,
and little is known about the prevalence and
geographical distribution of trypanosomiasis
among them, or the trypanosome species
involved. Bovine trypanosomiasis is charac-
terized by a variable clinical spectrum,
ranging in severity from subclinical, asymp-
tomatic infection to a chronic wasting
disease, with weight loss, anaemia, repro-
ductive disturbances, and death. As mass
treatment is generally too expensive to be
practical, reliable diagnostic tests are essen-
tial if trypanosome infections in cattle and
buffaloes are to be treated before significant
morbidity can occur (Obasi ez al., 1999).

Traditionally, current trypanosome infec-
tions are detected by parasitological meth-
ods such as the examination of wet or dry
and stained bloodsmears or microhaemato-
crit centrifugation (MHC) followed by the
examination of the buffy coat. Unfortun-
ately, these methods show poor sensitivity,
and low parasitaemias, such as those that
frequently occur in chronically infected ani-
mals or early in an infection, can easily be
missed. Such methods also require micro-
scopists who are well trained in morphological
differentiation, if the parasites detected are to
be identified to species. Serological methods
based on antibody detection can be more
sensitive than microscopy but cannot be
used to differentiate current from past

infections, and most cannot be used to
distinguish between the various species of
trypanosome that might be present. More-
over, several factors associated with the
host’s immune response must be carefully
considered (Nantulya, 1990; McManus
and Bowles, 1996).

Recently, molecular biology has become
increasing important in diagnosis, and sev-
eral assays based on the detection of
parasite-specific DNA sequences have
already been developed for the trypanoso-
miases. With the use of the appropriate
primers, PCR-based assays can be used not
only to detect low parasitaemias in livestock
and reservoir hosts but also to detect
infection in the vectors and to identify the
species of trypanosome present (Wuyts ez al.,
1995; Masake et al., 1997). The main aim of
the present study was to evaluate a PCR-
based diagnostic method, under field con-
ditions in Venezuela, by using it, in parallel
with bloodsmear examination, MHC and an
IFAT, to detect and identify the trypano-
somes in water buffaloes and other livestock.
The PCR-based assays used were also
standardized, under laboratory conditions,
for the detection of 7. evansi and T. vivax.

MATERIALS AND METHODS

PCR Standardization for the Detection
of Trypanosoma evanst and T. vivax
parasite DNA

DNA of each of the following trypanosome
stocks, which were kindly donated by Dr F.
Bringaud of the Laboratory of Molecular
Parasitology, University of Bordeaux,
France, was used as template: 7. bruce:
brucei (stock 345); T. brucei rhodesiense
(stock 362); T. brucei gambiense type 1
(stock Zakaria); T. brucei gambiense type 2
(stock TH2-78E); T. evansi (stock Kenya);
T. equiperdum (stock BoTat); T. congolense
(stock I11.3000); and T. vivax (stock Y481).
In addition, DNA from reference strains of
T. vivax (1ILO2160) and T. evansi (TEQ) —
which were the generous gifts of Drs A. M.
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Davila (Instituto Oswaldo Cruz, Rio de
Janeiro, Brazil) and H. Perez (Instituto
Venezolano de Investigaciones Cientificas,
Caracas, Venezuela), respectively — was
also studied.

PCR-based assays

To test the sensitivity of the PCR-based
assays, preliminary tests, with various con-
centrations of the primers, were conducted
using decreasing concentrations of purified
DNA from T. evansi TEO or 7. wvivax
1LO2160, as appropriate. The specificity of
each of the assays was explored by running
the PCR with DNA from each of these two
reference strains and the other trypanosome
stocks available, and by a cross-hybridiza-
tion analysis. Each PCR-based amplification
was performed in a 25- ul reaction mixture
containing 22 Wl PCR Supermix [22 mM
Tris-HCI (pH 8.4), 55 mM KCI; 1.65 mM
MgCl,, 0.22 mM of each of the four 2'-
deoxynucleoside 5'-triphosphates, and 22 U
Tag DNA recombinant polymerase/ml;
Gibco-BRL, Gaithersburg, MD], 1 ul of
each of the two primers, and 1 ul DNA
template. Each reaction mixture was over-
laid with 25 ul mineral oil (Sigma) before
amplification was carried out in a PTC-
100® thermocycler (M] Research, Waltham,
MA). The thermocycler was set to give a
pre-incubation at 95°C for 5 min, followed
by 40 cycles, each of 1 min at 94°C, 1.5 min
at 55°C and then 1 min at 72°C, followed
by a final extension at 72°C for 5 min.

Primers

The four oligonucleotides used as primers had
been described previously. The ‘21-mer’ (5'-
TGC AGA CGA CCT GAC GCT ACT
-3") and 22-mer’ (5'-CTC CTA GAA GCT
TCG GTG TCCT-3') primers were
described by Wuyts ez al. (1995), for use in a
PCR-based assay, with DNA tandem
sequence as target, that yields a product of
approximately 227 bp. The other primer pair
used, 1LO1264 (5'-CAG CTC GGC GAA
GGC CAC-3") and ILO1265 (5'-TCG CTA

CCA CAG TCG CAA TC-3), was
described by Masake ez al. (1997) for use in
an assay — based on the complimentary DNA
sequence (apparently present in all stocks of
T. vivax) coding for the antigen used in a
diagnostic ELISA — that yields a product of
approximately 400 bp.

Electrophoresis and hybridization conditions

A 10-pul sample of the products from each
assay was subjected to electrophoresis
(60 min at 75 V) on 1.5% agarose in TBE
buffer (89 mMm Tris, 89 mMm boric acid and
2 mM EDTA, at pH 8.3). The gels were
stained with ethidium bromide (0.5 pug/ml)
and the bands visualized by ultra-violet
trans-illumination.

For the hybridization analyses, the amplifi-
cation products resolved by agarose-gel elec-
trophoresis were denatured, transferred
bidirectionally (Smith and Summer, 1980)
onto a nylon Hybond™ N transfer mem-
brane (Amersham  Biosciences, Little
Chalfont, U.K.) and hybridized with the
appropriate>*P-labelled probes [produced by
random primer labelling using the
Megaprimer DNA labelling kit (Amersham
Biosciences)]. Both the 7. evansi TEO PCR-
product (Te-DNA) and the 7. wwax
1.O2160 PCR-product (Tv-DNA) were used
as probes, under conditions of medium
stringency [with 2 x sodium-citrate—sodium-
chloride buffer (SSC), 2% SDS, 2x
Denhardt’s solution, and 100 pg salmon
sperm/ml, at 67°C], as previously described
(Kukla ez al., 1987). After hybridization, the
filters were washed at medium stringency, in
2x SSC/2% SDS, for 1 h at 67°C, with at
least three changes of buffer, and then
examined by autoradiography, with an inten-
sifying screen, at —80°C.

Blood Samples

Blood samples were collected from 342
domestic animals in Venezuela: 316 water
buffaloes from four farms in Guarico state,
and 15 cattle, six horses and five sheep from
a farm in Apure state. The livestock sampled
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were selected at random from those present
on the farms. Two samples were obtained
from the jugular vein of each animal, using
the Venoject® system (Terumo Medical,
Somerset, NJ): one sample without antic-
oagulant and another to which sodium
citrate (0.129 M) was added as anticoagu-
lant. All the samples were kept at 4°C and
protected from direct sunlight. Within 6 h
of its collection, each citrate-treated blood
sample was checked for trypanosomes by
parasitological methods (see below) and
genomic DNA was extracted from the
sample, for testing in the PCR-based assay.
Sera were separated from the coagulated
blood samples, within 12 h of the sample
collection, and stored frozen at —20°C until
they could be tested for evidence of trypa-
nosome infection, in IFAT (see below).

Diagnosis of Trypanosome Infection by
Parasitological Techniques

Wet and dry bloodsmears

A 10-ul aliquot of each citrate-treated blood
sample was placed on a microscope slide,
covered with a coverslip and checked for
trypanosomes under a light microscope, at
x 250. In addition, thin smears were pre-
pared, each with 5 ul blood, and dried, fixed
in methanol, stained with Giemsa and
checked for trypanosomes at a magnification
of x 1000 (Parra and Vizcaino, 1976).

Microhaematocrit centrifugation

All citrate-treated blood samples were
assessed by MHC. Briefly, microhaemato-
crit capillary tubes were three-quarters filled
with blood, sealed and centrifuged at
12,000 x g for 5 min. The region of each
centrifuged sample corresponding to the
buffy coat was examined, while in the
capillary tube, at low magnification
(x100) for 2 min (Woo, 1969). As a further
check, the capillary tubes containing the
centrifuged samples were cut with a dia-
mond pen so that each buffy coat could be
extruded onto a microscope slide, covered
with a coverslip and examined, as a wet

smear, for 5 min, using a dark-field/phase-
contrast microscope at x 100 (Murray et al.,
1977).

IFAT

Each serum sample was thawed at room
temperature before a 10-ul aliquot was run
in an IFAT for detecting anti-trypanosomal
antibodies.

Antigen

Fixed bloodstream trypomastigotes of T.
evansi were used as the antigen in the IFAT.
The trypomastigotes were collected from 10
CD1 mice, that had each been inoculated
intraperitoneally with 10 trypanosomes. As
soon as the examination of daily tail-blood
samples revealed that the parasitaemias in the
mice were peaking, each mouse was exsan-
guinated by cardiac puncture while under
ether anaesthesia. The infected blood was
collected in tubes containing sodium citrate
(0.129 M) and then placed on the top of a
DEAE-cellulose column so that the trypano-
somes could be separated from the blood cells
(Lanham and Godfrey, 1970) and then fixed
with a mixture of cold acetone and formalin in
saline (Katende ez al., 1987).

All the mice were checked for trypanosome
infection before use (and found negative),
kept in an insect-proof room, and given water
and nutritional concentrate ad hbitum. The
experiments with the mice were approved by
the Animal Care and Use Committee of the
Universidad Central de Venezuela’s School of
Veterinary Science, and followed the U.S.
National Institutes of Health’s guidelines for
the use of experimental animals.

Test procedure

Cross-reactivity means that the IFAT
employed, although based on bloodstream
trypomastigotes of 7. evansi, gives positive
reactions with antibodies against 7. evansi
or 1. wvivax (Voller et al., 1975; Luckins,
1977). The conjugate used depended on
the species providing the test sample. Rabbit
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FIG. 1. The results of exploring the specificity of the primer sets and using DNA probes to check for cross-
hybridization. In each PCR, 10 ng total genomic DNA from one, previously identified strain of Trypanosoma were
used as template, with either the ‘21-mer/22-mer’ primer pair (a) or the ILO1264/ILO1265 primer pair (c), each
primer being used at a concentration of 0.23 pmol/ul. The PCR products were resolved on a 1.5%-agarose gel
stained with ethidium bromide. The gel produced with the 21-mer/22-mer primer pair (a) was subjected to
Southern blotting so that the filter could be hybridized with (*>P)-labelled probe based on T. evansi DNA (b). The
DNA used as the templates came from 7. (Nannomonas) congolense IL3000 (lane 1), T. (Duttonella) vivax Y481
(lane 2), T. (Trypanozoon) brucei brucei 345 (lane 3), T. (Trypanozoon) brucei rhodesiense 362 (lane 4), T.
(Trypanozoon) brucei gambiense type 1 Zakaria (lane 5), T. (Trypanozoon) brucei gambiense type 2 TH2-78E (lane 6),
T. (Trypanozoon) evansi Kenya (lane 7), T. (Trypanozoon) equiperdum BoTat (lane 8), or a positive control (lane 9)
— T. evansi TEO in (a) and 7. vivax ILO2160 in (c). Lane 10, containing the PCR products when there was no
DNA in the reaction mixture, represented the negative control. A 1-kb ladder of molecular-weight markers was also
run in each gel (M)

anti-equine-IgG, rabbit anti-bovine-IgG and
rabbit anti-sheep-IgG (whole molecule) were
employed, as appropriate, each conjugated to
fluorescein isothiocyanate. Sera (obtained
from the Unwersidad Central de Venezuela’s
School of Veterinary Science) previously
collected from animals known to be infected
with 7. evansi or T. vivax or to be uninfected
were used as controls. The IFAT followed the
standard methodology (Garcia, 1988). The
test sera that gave a titre of at least 1:80 were
considered positive.

Use of the PCR-based Assays to Detect
Animal Trypanosomiasis

After the PCR-based assays had been opti-
mised, for both sensitivity and specificity,
using the reference stocks of trypanosomes,

they were used to test the samples of citrated
blood from the Venezuelan livestock.
Genomic DNA was isolated from each
blood sample as described by Desquesnes
and Tresse (1996). Briefly, after an initial
centrifugation at slow speed (430 xg for
10 min), 500-1000 pl of the supernatant
suspension were transferred to a sterile
Eppendorf tube and centrifuged at high
speed (12,000xg for 15 min). Each
pellet so formed was mixed withl ml
DNAZzol® (Gibco-BRL). After gentle pipet-
ting of the suspension, to lyse any cells,
DNA was precipitated by the addition of
0.5 ml ethanol. Each sample was then
mixed, by inversion, stored at room tem-
perature for 3 min, and then centrifuged
(4000 x g for 1 min) at room temperature to
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FIG. 2. The results of exploring the sensitivity of the 21-mer/22-mer and ILO1264/I1.LO1265 primer sets, with
each primer at 0.23 pmol/ul. The PCR products generated from varying quantities of the genomic DNA of T.
evansi TEO and the 21-mer/22-mer primer pair (top), or of the genomic DNA of 7. wvivax ILO2160 and the
11.LO1264/IL.O1265 primer pair (bottom) are shown in (a). The amount of DNA used as template was 10 ng (lane
1), 1 ng (lane 2), 100 pg (lane 3), 10 pg (lane 4), 1 pg (lane 5), 100 fg (lane 6), 10 fg (lane 7), 1 fg (lane 8) or
none (lane 9). The PCR products were separated by electrophoresis on 1.5%-agarose gel stained with ethidium
bromide. A 1-kb ladder of molecular-weight markers was also run in each gel (M). When the gels shown in (a)
were hybridized, under conditions of medium stringency, with a (*?P)-labelled T. wvivax probe (b) or a (*P)-
labelled T. evansi probe (c), the probes hybridized strongly to the homologous DNA but no cross-hybridization was

observed

pellet the DNA. The DNA precipitate was
washed twice with 0.8-1.0 ml 95% ethanol,
allowed to dry for 15 min at room tempera-
ture, and then solubilized in 8 mMm NaOH.
Two 1-ul aliquots were then used as
templates in the PCR-based assays, one
with the 21-mer/22-mer primer pair and one
with ILO1264/ILLO1265, under the optimal
conditions established in the preliminary
trials.

Analysis of the Results

The performance of the PCR-based assay for
T. vivax was determined using the results
from the MHC (the most frequently used and
often the most practical method to detect
active trypanosome infections in livestock) as
the ‘gold standard’. The assay’s sensitivity,
specificity, positive predictive value (PPV),
positive likelihood ratio (PLR), and negative
likelihood ratio (NLR) were determined
(Thrusfield, 1990; Otero ez al., 2001).

RESULTS

Primer-pair Specificity in the PCR
The specificities of the 21-mer/22-mer
[Fig. 1(a)] or ILO1264/IL.O1265 [Fig. 1(c)]
primer pairs were evaluated using reaction
mixtures that each contained 0.23 pmol of
each primer/ul, and 10 ng purified DNA from
one of the identified strains of trypanosome.
In reactions with the 21-mer/22-mer pair,
DNA samples from all tested trypanosomes
from the Trypanozoon subgenus yielded the
expected amplicon of 227 bp, whereas there
were no PCR products when DNA from 7.
congolense or T. vivax was used [Fig. 1(a)].
Use of the ILO1264/ILO1265 primer pair
gave the expected amplicon of about 400 bp
when the DNA template came from 7.
vivax Y481 or T. vivax ILO2160 but no
product when the DNA came from trypano-
somes in the Nannomonas or Trypanozoon
subgenera. [When DNA from 7. congolense
was amplified using primers specific for this
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species, the expected amplicon was gener-
ated (data not shown).]

Sensitivity of Detection and Optimal
Concentration of Primers in the PCR
The minimal concentrations of DNA from
T. evansi TEO or T. vivax 1102160 that
were detectable in the PCR-based assays
(with each primer at 0.23, 0.45 , 2.27 or
4.55 pmol/ul) were determined by running
the assays with decreasing concentrations of
the DNA. Although just 10 fg of purified
DNA could be detected by using each
primer at 4.55 pmol/ul, use of the two
higher concentrations of primers produced
artifacts (primer multimers) on the gels. Use
of the lower primer concentrations (0.23
and 0.45 pmol/ul) produced no such arti-
facts, however, and still gave reasonable
detection limits. With 0.23 pmol of each
primer/ul, for example, the detection limit
for assays based either on the 21-mer/
22-mer primer pair and 7. evansi DNA or
the ILO1264/I1LO1265 primer pair and 7.
vivax DNA was about 10 pg [Fig. 2(a)].
For all subsequent tests, therefore, each
primer was used at 0.23 pmol/ul.

The level of homology between the ampli-
cons generated using DNA from 7. evansi
TEO and 7. viwax 11LO2160 was demon-
strated by Southern-blot hybridization, with
the Te-DNA and Tv-DNA as probes. The
Tv-DNA probe specifically hybridized to the
homologous 7. vivax amplicons and showed
no cross-hybridization with the 7. evans:

TABLE 1.

amplicons, confirming the sequence specifi-
city of the probe [Fig. 2(b)]. The Te-DNA
probe [Figures 1(b) and 2(c)] recognized the
amplicons generated from the genomic DNA
of T. b. brucet, T. b. rhodesiense, T. b. gambiense
types 1 and 2, T. evansi Kenya, T. equiperdum
and T. evansi TEO (i.e. all the members of the
subgenus Trypanozoon that were investigated)
but not those generated from the genomic
DNA of T. vivax.

With the 21-mer/22-mer primers in the
PCR-based assays each used at 0.23 pmol/
ul and the quantity of the DNA template set
at 10 pg, the results of the Southern blotting
confirmed that the faint bands considered
to represent low concentrations of the
expected amplicon (indicating a DNA-
detection limit of about 10 pg) were exactly
that [Fig. 2(c)].

Serological, Parasitological and
Molecular Evaluations of the Blood
Samples

Having chosen a good primer concentration
(0.23 pmol of each primer/ul) and estab-
lished the specificities of the primer pairs,
the PCR-based assays were used to test the
342 blood samples collected from
Venezuelan livestock (Table 1). Use of the
ILO1264/ILO1265 primer pair indicated
that 68 (19.9%) of the samples were positive
for T. viwax. Use of the 21-mer/22-mer
primer pair indicated, however, that none of
the samples was positive for 7. evansi or any
other member of the subgenus Trypanozoon.

The results of the examination of the 342 blood samples collected from Venezuelan livestock, by the

PCR-based assays, microhaematocrit centrifugation (MHC) and IFAT

No. and (%) of animals:

Positive in:

PCR for PCR for
Source Checked Trypanosoma vivax Trypanozoon MHC IFAT
Buffalo 316 60 0 36 121
Cow 15 3 0 1 6
Horse 6 0 0 0 3
Sheep 5 5 0 2 5
Any 342 68 (19.9) 0 (0) 39 (11.4) 135 (39.5)
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The results of the parasitological and
serological tests that were run in parallel
with the PCR-based assays indicated that
39.5% (IFAT), 6.7% (microscopical exam-
ination of wet and dry bloodsmears) and
11.4% (MHC) of the samples were positive
for trypanosomes or antibodies against 7.
vivax or T. evansi. The trypanosomes
observed by microscopy were all too pleo-
morphic to be identified to species level
from their morphology.

Although 29 of the 303 samples found
negative by MHC were found positive by
PCR, no samples were found negative by
PCR and positive by MHC (Table 2).
Therefore, with the results of the MHC
used as reference, the PCR-based assay
demonstrated 100% sensitivity and 90.4%
specificity and gave a PPV of 0.57, a PLR of
10.45 and an NLR of 0.0 (Table 3).

DISCUSSION

The present research included the character-
ization and standardization of PCR-based
assays for detecting trypanosomes in
Venezuelan livestock and for differentiating
the T. vivax infections from those of trypano-
somes in the subgenus 7Trypanozoon. Such
assays, which seem much more sensitive than
MHC, could have a remarkable impact on the
detection of ‘animal’ trypanosomiasis in
Venezuela.

PCR based on the 21-mer/22-mer primer
amplified some of the genomic DNA
from all of the species in the subgenus
Trypanozoon that were assessed. This

TABLE 2.

result was expected as Wuyts ez al. (1995)
indicated that the 21-mer and 22-mer
oligonucleotides were specific not to a
species but to the subgenus Trypanozoon.
The present results support the theory that,
irrespective of their current, often diverse,
geographical distributions, all of the trypa-
nosomes currently assigned to the subgenus
Trypanozoon are phylogenetically related.
This theory is also supported by the results
of iso-enzymatic analyses, hybridizations
with kinetoplast-DNA minicircle probes,
and the analyses of kinetoplast DNA restric-
tion-fragment-length polymorphisms (Lun
et al., 1992; Zhang and Baltz, 1994; Brun
et al., 1998). The nucleotide sequence of the
Te-DNA probe used in the present study
appears to be shared by most, if not all,
species in the subgenus 7rypanozoon.
Trypanosoma equiperdum, T. evansi and T.
brucei appear to be too closely related to be
distinguished by standard PCR based on the
repetitive sequences of their nuclear DNA,
although Ventura er al. (1997) generated
RAPD patterns that appeared to be specific
for T. evansi from different hosts and
countries. Since 7. evansi appears to be the
only species in the subgenus 7Trypanozoon
that has been recognized in Venezuela or
any other Latin American country, however,
assays based on the 21-mer/22-mer primer
pair could be considered species-specific
(i.e. T. evansi-specific) in Latin America.
Such assays can already detect just 10 pg of
T. evansi DNA (Wuyts et al., 1995; present
study) and refinement of the DNA-isolation
methodology and further optimisation of the
PCR conditions (Desquesnes and Tresse,

Comparison of the results from the PCR-based assays and microhaematocrit centrifugations (MHC),

when the 342 blood samples from Venezuelan livestock were investigated

Positive in the

No. of animals:

Negative in the

MHC result PCR for Trypanosoma vivax PCR for T. vivax Checked by PCR
Positive 39 0 39
Negative 29 274 303
Any 68 274 342
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TABLE 3. The performance indicators of the PCR-
based assay for the detection of Trypanosoma vivax,
calculated using the results for the microhaematocrit cen-
trifugation as the ‘gold standard’

Indicator Formula” Value
Sensitivity (Se) 100TP/(TP+FN) 100.0%
Specificity (Sp) 100TN/(TN+FP) 90.4%
Positive predictive value TP/(TP+ FP) 0.57
Positive likelihood ratio  Se/(1-Sp) 10.45
Negative likelihood ratio (1-Se)/Sp 0.0

*TP, Number of true positives; FN, number of false
negatives; TN, number of true negatives; FP, number
of false positives.

1996) could produce significant increases
in sensitivity. The PCR-based assays devel-
oped, for the detection of trypanosomes, by
Moser et al. (1989) and Clausen et al.
(1998) had detection limits of several
femtograms.

In the present study, the detection limit of
the PCR based on the 21-mer/22-mer
primer (about 10 pg of purified 7. evansi
DNA) represents approximately 50-100
trypanosomes/ml blood. A sample must
usually contain many more trypanosomes
to be found positive by the microscopical
examination of wet or stained bloodsmears
(10* trypanosomes/ml), MHC (500-1000
trypanosome/ml), or any other, conven-
tional, parasitological method (Paris et al.,
1982).

As Masake ez al. (1997) also observed, the
1L.O1264/ILO1265 primer pair showed
absolute species-specificity (no PCR pro-
ducts being generated with DNA from any
species other than 7. wvivax) and gave an
amplicon when the DNA template came
from T. vivax collected in various areas of
the world. The hybridization analyses
demonstrated that the Tv-DNA probe was
also highly specific for 7. vivax. Even if
based on 7. evansi or T. wvivax antigens,
IFAT for the detection of anti-trypanosomal
antibodies are often not very specific, and
may give positive results with antibodies
raised against a variety of Trypanosoma spp.
and other trypanosomatids (Wells, 1984).

The IFAT investigated by Ferenc et al.
(1990), for example, gave positive results
with samples from animals that had been
infected with 7. wvivax, T. congolense, T.
brucei spp., T. evansi and, T. equiperdum. In
Venezuela, however, T. evansi and T. vivax
are the only salivarian trypanosomes that
have been recorded in ungulates (and other
common pathogens in ungulates, such as
Anaplasma marginale and Babesia spp., do
not seem to induce antibodies that cross-
react with trypanosomal antigens; Ferenc
et al., 1990). Unwanted cross-reactions with
antibodies induced by 7. cruzi have been
documented (Desquesnes and Tresse,
1999) but little is known about the pre-
valence of T. cruzi infection in livestock.
The water buffaloes of Venezuela are
perhaps more likely to be infected with
another stercorarian species, 7. theileri, than
with 7. cruzi. Antibodies against 7. theileri
do not, however, seem to interfere with
ELISA or IFAT for detecting anti-7. evans:
or anti-7. wivax antibodies in cattle
(Desquesnes and  Gardiner, 1993).
Although T. theileri is a common and very
wide-spread parasite of cattle, there are only
a few reports of its occurrence in buffaloes,
and no good data to prove that 7. theiler:
from cattle and the 7. theileri-like parasite in
buffaloes are the same species (Rodrigues
et al., 2003).

Unfortunately, although bloodstream try-
pomastigotes were observed in some of the
samples of buffalo blood, they showed too
much variability to be identified, morpho-
logically, to species level; Toro er al. (1978)
made a similar observation. If the veteri-
nary significance of the trypanosomes in
Venezuelan water buffaloes is to be accu-
rately assessed by serology, the prevalence of
T. theiler: infection among these livestock,
and the possibility that antibodies raised
against the (presumably non-pathogenic) 7.
theileri in buffaloes cross-react with antigens
from (potentially pathogenic) 7. evansi or T.
vivax in diagnostic IFAT or ELISA, need to
be explored. The observation that far more
of the livestock examined in the present
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study were IFAT-positive than PCR-
positive (139 . 68) probably indicates
the persistence of anti-trypanosomal anti-
bodies in animals that are not currently
infected.

Among the 342 animals (mostly buffa-
loes) checked in the present study, the
prevalence of 7. vivax infections indicated
by the results of the PCR-based assays was
almost 3- and 2-fold higher than the
prevalence of trypanosome infection indi-
cated by the microscopical evaluation of
stained bloodsmears (6.7%) and MHC
(11.4%), respectively. The PCR-based
assays not only gave much better sensitivity
than the other methods but also permitted
the trypanosomes encountered in Ven-
ezuelan water buffaloes to be identified to
species (all T. vivax), for the first time by
molecular characterization. Surprisingly,
none of the blood samples was found
PCR-positive for T. evansi, not even those
from the three horses found IFAT-positive.
In Asia and Africa, T. evansi appears to be
among the most common and pathogenic
parasites of buffaloes (Lohr er al., 1986;
Luckins, 1988). The 29 MHC-negative but
PCR-positive animals, all of which were also
IFAT-positive, probably had relatively low
T. vivax parasitaemias, which are character-
istic of chronic infections in cattle (Rivera,
1996). Under laboratory conditions, using
mice inoculated with 7. evansi, Wuyts et al.
(1995) found several MHC-negative
animals to be positive in PCR based on the
21-mer/22-mer primer pair.

Holland ez al. (2001) described how
positive samples could appear negative by
parasitological tests because they had been
stored badly (i.e. for long periods and/or at
warm temperatures) — samples with low
parasitaemias often becoming negative after
just 3 h of storage. In the present study,
however, all the samples investigated were
processed within the interval recommended
by Paris er al. (1982) for the parasitological
detection of T. vivax, T. congolense and T.
brucei (6 h), and were only stored out of
sunlight, at 4°C.

Otero er al. (2001) claimed that the
predictive values normally calculated as
performance indicators for a pathogen-
detection assay were markedly affected by
the local prevalence of the pathogen, and
that likelihood ratios were more accurate
indicators of the general usefulness of such
assays. In the present study, even though the
PPV for the assay based on the ILO1264/
IL.LO1265 primer pair was low (0.57), the
high PLR value (10.45) indicated that the
assay results were trustworthy.

When Verloo et al. (2000) checked water
buffaloes from North Vietnam for 7. evansi
infection, they only found 1.9% positive
when they used a mouse-inoculation assay
but 22% to be seropositive. Although this
result probably again illustrates that anti-
trypanosomal antibodies persist after para-
sitaemias have been cleared, it also indicates
that T. evansi infection commonly occurs in
North Vietnamese buffaloes. In the present
study, similarly, almost 40% of the buffaloes
investigated were found seropositive by
IFAT. Compared with the IFAT or any
other antibody-detection test, the PCR-
based assay probably gives a much better
idea of the current prevalence of infection.
Assuming that 7. evansi is very rare among
the water buffaloes of Venezuela, the PCR-
based assay for 7. vivax (with the ILO1264/
ILO1265 primer pair) could be used,
probably as a supplement to the more
conventional, parasitological and serological
assays, to help determine the need for, and
the effectiveness of, trypanosomiasis-control
programmes for the buffaloes. Much more
research on the epidemiology of trypano-
some infection in the buffaloes of Venezuela
is currently in progress.
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