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Abstract
African trypanosomosis is a disease of high economic importance in animals and humans caused by an apicomplexan
haemoparasite of the genus Trypanosoma. Canine trypanosomosis is relatively common in Nigeria because of the high preva-
lence of the insect vector. The haematology, erythrocyte, and serum sialic acid levels of dogs experimentally infected with Federe
strain of Trypanosoma brucei brucei was studied in a total of five (5) 4-month old dogs. Three of the dogs were randomly
selected and inoculated subcutaneously with 1 × 106 of T. brucei, while the remaining two dogs served as the uninfected control.
The parasitaemia, packed cell volume (PCV), total and differential white blood cell count, erythrocyte surface sialic acid (ESSA)
and free serum sialic acid (FSSA) were determined twice a week. The lymphocyte/monocyte ratio (LMR) and neutrophil/
lymphocyte ratio (NLR) were calculated. The infected dogs had a significantly lower PCV, total white blood cell count
(TWBC), LMR and ESSA compared to the uninfected control group. There was a strong positive correlation between NLR
and PCV decrease, moderate negative correlation between LMR and PCV decrease, strong negative correlation between LMR
and ESSA changes, and a moderate positive correlation between ESSA changes and parasitaemia. The higher NLR in trypano-
some infection associated with decreasing levels of PCV indicates a poor prognosis, and NLR may be a useful tool in estimating
trypanosomosis effect on PCV in dogs. Similarly, the moderate negative and strong negative correlations between LMR with
decreases in PCV and ESSA respectively indicates poor prognosis in the response to trypanosomosis in dogs. Thus, NLR, LMR
and ESSA levels can be used as markers for predicting disease outcome in trypanosome infection in dogs. This is, however, not
the case with parasitaemia as the clinico-pathologic effect of trypanosomosis cannot be estimated from the level of parasitaemia
alone.
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Introduction

Trypanosomosis is a protozoan disease of vertebrates caused
by an apicomplexan haemoparasi te of the genus
Trypanosoma. The disease has been reported in all domestic

animals and humans, and has economic importance due to
losses in production, weight loss, low milk yield, reduced
capacity to work and abortion (Murray et al. 1990).
Trypanosomosis is recognized as a major barrier to the devel-
opment of subSaharan Africa (Ohaeri and Eluwa 2011). It is
endemic in Africa compared to any other disease in a partic-
ular location (Murray et al. 1990) and continues to spread even
to areas initially free of trypanosomes and the insect vectors
(Majekodunmi et al. 2013).

All breeds of dogs are susceptible to trypanosomosis
(Annette et al . 2006; Akpa et al . 2008). Canine
trypanosomosis is relatively common in Nigeria because of
high prevalence ofGlossina species in most parts of the coun-
try (Ahmed 2007). Dogs get infected through tsetse fly
(Glossina species) bite as well as other biting flies such as
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tabanids, stomoxys, and triatomid bugs, and ingestion of in-
fected fresh animal carcass (Raina et al. 1985; Uilenberg
1998). The disease in dogs was formally known to be caused
by T. cruzi and T. evansi alone (Jones et al. 2000). Currently,
several trypanosome species including T. congolense and
T. brucei have been reported to cause canine trypanosomosis
(Samdi et al. 2006). Canine trypanosomosis caused by
T. brucei presents an acute and fatal disease (Ikede and
Losos 1972; Taylor and Authie 2004) leading to fever, corneal
opacity, severe oedema, myocarditis and central nervous sys-
tem derangements, aside anaemia which is themost prominent
feature of African animal trypanosomosis (Franciscato et al.
2007; Nwoha and Anene 2011). This may be due to extensive
tissue damage caused by the extravasation of the parasite into
the body tissues, vasculitis, increased vascular permeability,
thrombosis and release of sialidase which cleaves erythrocyte
sialic acid leading to erythrophagocytosis and anaemia
(Esievo et al. 1990).

Some animal breeds such as the Muturu and N’dama cattle
have been reported to be trypanotolerant as they can survive,
remain productive and gain weight despite trypanosome in-
fection (Naessens 2006). Trypanotolerance in dogs and the
role of erythrocyte surface sialic acid in the pathogenesis
and pathology of canine trypanosomosis is yet to be substan-
tially studied. And there is limited information on the correla-
tion between the level of trypanosome infection and the clinic-
pathologic findings in trypanosomosis.

This study was designed to investigate the correlation be-
tween parasitaemia and some haematological parameters,
erythrocyte and serum sialic acid changes, and leukocyte ra-
tios in dogs following experimental infection with T. brucei
brucei Federe strain.

Materials and methods

Five (5) 4-month old dogs (three females and two males)
weighing averagely 4 kg were used for the study. The dogs
were purchased from the breeder at 1 month old, acclimatised
for three months, during which they were dewormed using
Caniverm®, a combination fenbendazole (15 mg/kg),
pyrantel emboate (14 mg/kg), and praziquantel (5 mg/kg).
The dogs were also vaccinated against canine distemper, hep-
atitis, leptospirosis, parvoviral enteritis and parainfluenza
using a pentavalent DHLPP vaccine before the commence-
ment of the experiment. They were fed and given water ad
libitum. The Trypanosoma brucei brucei (Federe strain) was
provided by the Nigerian Veterinary Research Institute
(NVRI) Vom Jos, Plateau State. The strain of T. brucei was
obtained from cattle and subpassaged inWistar rat before used
for the infection of the dogs.

The five dogs were randomly selected and tagged numbers
1, 2, 3, 4, and 5. The numbers 1, 2, and 3 were the infected

group and were inoculated subcutaneously with 1 × 106

Federe strain of T. brucei brucei (Herbert and Lumsden
1976), while the remaining two dogs tagged 4 and 5 served
as the uninfected control group.

Blood samples were collected twice a week from the dogs
for a total of 3 weeks. Five (5) mL of blood was obtained from
each animal from the cephalic vein. Two (2) mL of the sample
was dispensed into sample bottles containing potassium di-
amine tetra acetate (K2EDTA) anticoagulant for complete
blood count, while 2 mL of the blood sample was dispensed
into a sample bottle containing 0.3 mL of freshly prepared
acid citrate dextrose as anticoagulant for the preparation of
erythrocyte membranes, and 1 mL was dispensed into a plain
vacutainer and used for the separation of serum. The obtained
sera from centrifugation at 5000g for 5 min was kept frozen (−
20 °C) until when needed for analysis. Haemoglobin-free
erythrocyte membranes (erythrocyte ghosts) were prepared
as described by Dodge et al. (1963). Complete blood count
was determined from the EDTA samples as described by
Coles (1986). Parasitaemia (log equivalence values and corre-
sponding number of parasites per mL of blood) was deter-
mined as described by Herbert and Lumsden (1976).

The thiobarbituric acid (TBA) assay (Aminoff 1961;
Engstler et al. 1995) was used to measure the free serum sialic
acid (FSSA). The erythrocyte ghosts were incubated with
0.125 N H2SO4 at 80 °C for 1 h to liberate the bound sialic
acid (Warren 1963). The erythrocyte surface sialic acid
(ESSA) was thereafter measured as described for FSSA.

Haematological and sialic acid values were reported as
mean ± standard error of mean (SEM). The leukocyte ratios
(neutrophil:lymphocyte ratio, NLR; lymphocyte:monocyte ra-
tio, LMR) were calculated from their absolute values respec-
tively. Regression analysis was used to compare the
parasitaemia with the haematological parameters and sialic
acid values obtained for each sampling days as difference of
the observed value from the preinfection value. Student t test
was used to compare the haematology and sialic acid for the
infected and control groups using Graph Pad Prism 5. Values
of p ≤ 0.05 were considered significant.

Results

The haematological and sialic acid values in Nigerian dogs
infected with T. brucei are shown in Table 1. The scatter plots
showing the correlation of PCV decrease and parasitaemia,
total white blood cell count TWBC and parasitaemia, ESSA
decrease and parasitaemia, and FSSA changes and
parasitaemia in dogs are all shown in Figs. 1, 2, 3, and 4
respectively. The mean PCV value for the uninfected group
(control) was 31.20 ± 1.24% while that of the infected group
was 21.39 ± 1.39%. There was a statistical significant differ-
ence between the PCV of the infected and that of the control
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group (p = 0.0006), and a weak positive correlation between
PCV decrease and parasitaemia (r = 0.13). The mean TWBC
for the control group was 12.66 ± 2.01 (× 103/μL) while the
mean TWBC for the infected group was 6.760 ± 1.05 (× 103/
μL). There was a statistical significant difference between the
TWBC of the infected and that of the control group (p =
0.0228), and a weak negative correlation between TWBC
and parasitemia (r = − 0.25).

The neutrophil lymphocyte ratio (NLR) of the infected
group was 0.66 ± 0.13 while that of the control group was
0.51 ± 0.13. There was no statistical significant difference
between the NLR of the dogs infected with Trypanosoma
brucei and those not infected (p = 0.43). The scatter plot
showing the correlation between parasitaemia and NLR,
PCV decrease and NLR, and ESSA decrease and NLR are
presented in Figs. 5, 6, and 7 respectively. There was a very
strong positive correlation (r = 0.85) between PCV decrease
and NLR, a weak positive correlation (r = 0.27) between the
rate of loss of ESSA and NLR, and a weak negative correla-
tion between parasitaemia and NLR (r = − 0.25). The lym-
phocyte monocyte ratio (LMR) of T. brucei infected dogs was
32.43 ± 2.57 while that of the control was 48.33 ± 6.35. There

was a statistical significant difference (p = 0.04) between the
LMR of the infected and those of the control group. The
scatter plot of the correlation between parasitaemia and
LMR, PCV decrease and LMR, and ESSA decrease and
LMR are shown in Figs. 8, 9, and 10 respectively. There
was a moderate negative correlation (r = − 0.47) and a very
strong positive correlation (r = 0.92) between PCV decrease
and LMR, and ESSA loss and LMR respectively. There was,
however, a very weak negative correlation (r = − 0.10) be-
tween parasitaemia and LMR.

The mean ESSA for the uninfected control group was 3.37
± 0.40 mg/mL compared to 2.33 ± 0.26 (mg/ml) for the in-
fected group. There was a slight statistical significant differ-
ence between the ESSA of the infected and that of the control
group (p = 0.0493). There was a moderate positive correlation
between ESSA decrease and parasitaemia (r = 0.41), and a
moderate positive correlation between ESSA decrease and
PCV decrease (r = 0.43). The mean FSSA of the uninfected
control group (1.02 ± 0.13 mg/mL) was not statistically dif-
ferent from that of the infected group (1.26 ± 0.21 mg/ml). A
weak negative correlation between the changes in FSSA
values and parasitaemia (r = − 0.36) was also observed.

Table 1 Haematological and biochemical changes in dogs infected with T. brucei

Infected Control Mean deviation Percentage
mean deviation

Mean deviation
per parasite
(× 106/ml)

Percentage deviation
per parasite (× 106/ml) (%)

Trypanosomes (× 106/ml) 15.8 0 - - - -

PCV (%) 21.39 ± 1.39a 31.20 ± 1.24b 9.76 31.28 0.60 1.93

TWBC (×109/l) 6.76 ± 1.05a 12.66 ± 2.01b 5.90 46.60 0.37 2.92

ESSA (mg/ml) 2.33 ± 0.26a 3.37 ± 0.40b 0.99 29.38 0.06 1.78

FSSA (mg/ml) 1.26 ± 0.21a 1.02 ± 0.13a 0.39 38.24 0.02 1.96

NLR 0.66 ± 0.13a 0.51 ± 0.13a - - - -

LMR 32.43 ± 2.57a 48.33 ± 6.35b - - - -

Values for infected and control groups are mean ± SEM. Values with different alphabet superscript on the same row are significant at p ≤ 0.05

y = 0.0248x - 10.625
R² = 0.0179
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Fig. 1 A scatter plot showing the correlation between PCV and
trypanosomes in dogs
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Fig. 2 A scatter plot showing the correlation between TWBC decrease
and trypanosomes in dogs
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Discussion

Dogs were experimentally infected with the Federe strain of
Trypanosoma brucei brucei to study their haematological re-
sponse as well as the changes in erythrocyte surface sialic acid
(ESSA) and free serum sialic acid (FSSA). Following the
infection of the dogs with 1 × 106 Trypanosoma brucei, there
was a significant decrease in PCV from the preinfection
values. The PCV of the infected dogs were significantly re-
duced compared to the uninfected control group. This agrees
with the response of Nigerian local dogs infected with the
same strain of trypanosomes as reported by Abenga et al.
(2016). Similar PCV response was reported in dogs infected
with Trypanosoma congolense (Abenga et al. 2005) and in
other livestock species (Franciscato et al. 2007; Nwoha and
Anene 2011). Anaemia is a main feature of trypanosomosis in
this study, the mean decrease in PCV from the value of the
control was 9.76 corresponding to 31.28%. This is less than
the 36% postinfection PCV reduction reported by Abenga
et al. (2016). This study shows a percentage PCV decrease

per parasite (×106) of 1.93% contrary to the 3.82% per Log
equivalent value (LEV) reported by Abenga et al. (2016).
However, the minimal decrease in PCV of the infected group
from the control values may be attributed to the ability of the
dogs to control anaemia in canine trypanosomosis. The weak
positive correlation (r = 0.13) between PCV decrease and
parasitaemia may be due to the migration of the parasites to
tissues from the vasculature thereby presenting a false lowered
parasite load on the sampling days (Losos 1986; Abubakar
et al. 2005).

The total white blood cell (TWBC) count of the infected
dogs decreased by 46.6% from the control value, and 2.92%
per parasite (× 106). This is slightly higher than the 43.6%
drop in TWBC reported by Abenga et al. (2016) and 0.22
TWBC drop per LEV of parasitaemia. The TWBC decrease
in this study agrees with reports of T. brucei infection by
Anosa (1988) and Abenga et al. (2016) but disagrees with
Igbokwe and Anosa (1989) in sheep T. vivax infection where
leucocytosis was reported. The leukopenia observed may be
due to granulopoiesis depression, increased tissue demand for
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Fig. 3 A scatter plot showing the correlation between ESSA decrease and
trypanosomes in dogs
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Fig. 4 A scatter plot showing the correlation between FSSA increase and
trypanosomes in dogs
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Fig. 5 A scatter plot showing the correlation between neutrophil
lymphocyte ratio and trypanosomes in dogs

y = 0.079x + 1.471
R² = 0.7181

0

0.2

0.4

0.6

0.8

1

1.2

1.4

- 1 6 - 1 4 - 1 2 - 1 0 - 8 - 6 - 4 - 2 0

PCV Decrease (%)

oita
R

et
yc

o
h

p
m

y
L

li
h

p
ort

ue
N

Fig. 6 A scatter plot showing the correlation between neutrophil
lymphocyte ratio and PCV decrease in dogs
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leucocytes, or phagocytosis in liver, bone marrow and spleen
(Taylor and Authie 2004).

Response of neutrophil and proinflammatory cytokines in
acute inflammation such as observed in T. brucei infection can
be exaggerated, and therefore needs the modulatory effect of
antiinflammatory or immunomodulatory cytokines in order to
avoid overt tissue damage. Lymphocytes (particularly B lym-
phocytes) produce antibodies against infectious agents includ-
ing trypanosomes. They also have immunoregulatory function
through the release of interleukin (IL)-10, IL-4, and IL-5
which are antiinflammatory cytokines that control inflamma-
tion in order to achieve immunity with minimal immunopa-
thology (Powrie et al. 1993; O’Garra and Murphy 1994).
Higher levels of neutrophil count with decreased lymphocyte
count could lead to an unregulated inflammatory response
capable of tissue damage. Infection of dogs with T. brucei
led to increased NLR but not significantly. However, the
strong positive correlation between the drop in PCV and
NLR indicates that the more severe the anaemia, the higher

the NLR, indicating a poor prognosis following T. brucei
infection.

The Federe strain of T. brucei infection in dogs showed a
significant decrease in LMR and a moderate negative correla-
tion with PCV decrease. The decreased LMR may be due to
an increase level of monocytes in circulation in response to the
infection. Monocytes emigrate into the tissues to form macro-
phages in trypanosomosis to clear the damage caused by try-
panosomes and their sialidases, including necrotized cells and
erythrocytes damaged by parasitaemia (Cnops et al. 2015;
Stijlemans et al. 2015). The relative monocytosis and lympho-
penia (decreased LMR) may also be responsible for the strong
negative correlation between LMR and ESSA loss in this
study, as more monocytes may be released to phagocytise
erythrocytes which have been damaged by the cleavage of
their ESSA by the parasites. This indicates a poor prognosis
in dogs Trypanosoma brucei infection.

The erythrocyte surface sialic acid (ESSA) significantly
differs in the control group when compared to the infected
dogs. This is in agreement with Useh et al. (2007) in dogs
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Fig. 7 A scatter plot showing the correlation between neutrophil
lymphocyte ratio and ESSA decrease in dogs
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Fig. 8 A scatter plot showing the correlation between lymphocyte
monocyte ratio and trypanosomes in dogs
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Fig. 9 A scatter plot showing the correlation between lymphocyte
monocyte ratio and PCV decrease in dogs
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Fig. 10 A scatter plot showing the correlation between lymphocyte
monocyte ratio and deviation in ESSA in Nigerian dogs
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and Ode et al. (2017) in cattle. This study shows a moderate
positive correlation (r = 0.4) between PCV decrease and
ESSA loss whereas Useh et al. (2007) observed a strong cor-
relation (r = 0.68) between the losses in PCV and ESSA in
dogs administered Clostridium chauvoei and Trypanosoma
vivax sialidase. In this study, we report a moderate positive
(r = 0.41) correlation between parasitaemia and ESSA loss.
The moderate correlation observed in this study may be due to
tissue migration of the parasite. It may also suggest that mi-
grated parasites in tissues are able to produce sialidase which
continue to cleave off ESSA despite the parasite’s absence in
blood circulation. Erythrocytes found to have lost 10–20% of
their ESSA are phagocytized and cleared from blood circula-
tion giving rise to anaemia (Jancik and Schauer 1974). Results
from this study can moderately predict that parasite load of 5.6
× 106/mL T. brucei (Federe strain) can cause a 10% decrease
in ESSA and consequently lead to anaemia in dogs. However,
the extent of the clinic-pathological damages caused by
trypanosomosis in dogs cannot be directly quantifiable by
the estimation of parasitaemia, and vice versa.

There was no significant increase in free serum sialic acid
(FSSA) due to infection with T. brucei in dogs. This is similar
to the report of Ode et al. (2017). There was also a weak
negative (r = − 0.36) correlation between FSSA and
parasitaemia. Blood stream forms of trypanosomes utilize part
of the cleaved ESSA to form their variable surface glycopro-
tein which enables them to evade host’s immune response to
the parasite (Taiwo and Ogunsanmi 2000; Coustou et al.
2012). The utilization of some of the cleaved sialic acids by
the parasite may be responsible for the weak correlation in
FSSA build-up in response to ESSA cleavage by the increased
parasitaemia.

Conclusion

This study provides information on the correlation between
parasitaemia and some haematological and sialic acid values
in dogs infected with Federe strain of T. brucei. NLR is a
strong positive indicator of anaemia, while LMR can be a
strong negative predictor of erythrocyte desialylation and both
NLR and LMR could be good prognostic parameters in canine
trypanosomosis. The pattern of deviation of erythrocyte and
serum sialic acid in relation to parasitaemia may be useful in
comparing susceptibility to trypanosome infection in dogs and
other animal species, where trypanotolerance may be a func-
tion of the number of parasites required to cause 10–20%
decrease in ESSA.
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