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ABSTRACT

Thyroid gland dysfunction was studied in Zebu cattle experimentally infected with Trypanosoma vivax,
based on the levels of serum thyroxine (T,) and occurrence of pathological lesions at 13 weeks post infection
(p.i.). There were statistically significant declines in the T, levels in the infected group at 3 weeks p.i. (P<0.05),
6 weeks p.i. (P<0.01) and from 9 to 11 weeks p.i. (P<0.05); when compared to the normal T, levels that were
observed in the uninfected, control bulls throughout the period of study. The thyroid glands of both infected
and control bulls showed no gross lesions and the mean weights were not statistically significant (P>0.05)
between the groups. Histopathological lesions observed in the thyroid glands of the infected bulls were
focal in occurrence and include; squamous metaplasia of follicular epithelium with fibroplasia and widened
interfollicular connective tissue. The control bulls showed no histopathological lesions in the thyroid glands.
It was concluded that thyroid gland dysfunction occurs in trypanosomosis due to T. vivax in cattle and it is
suggested that this could contribute to the weakness associated with trypanosomosis.
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Introduction

Trypanosomoses are serious, often fatal parasitic diseases of animals and humans
which occur throughout the tropical regions of Africa, the Middle East, Asia and Latin
America (MUTAYOBA et al., 1994). The disease is an important constraint to livestock and
mixed crop-livestock farming in tropical Africa, with the greatest socio-economic impacts
of this disease occurring in sub-Saharan Africa where a suitable environment exists for
the survival of tsetse fly, which is the vector responsible for cyclical transmission of both
human and animal trypanosomes (KRISTJANSON et al., 1999).
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The major trypanosomes of ruminants are Trypanosoma vivax, T. congolense and T.
brucei which have been classified into haematic and tissue groups. Trypanosoma vivax
and T. congolense constitute the haematic group while T. brucei falls into the tissue group
(LOSOS and IKEDE, 1972). In West Africa, T. vivax predominates and T. congolense in
East Africa (ITARD, 1989) whereas T. brucei is generally distributed in tropical Africa
(SOULSBY, 1982). The presence of T. vivax in both Africa and South America, easy
mechanical transmission and virulence for economically important animals make it the
most important animal trypanosome (DE GEE, 1980).

Endocrine dysfunctions have been recorded in both human and animal trypanosomoses.
Trypanosoma brucei infection has resulted in adrenal insufficiency, hypopituitarism,
hypogonadism and hypothyroidism in humans and polyglandular endocrine failure in
animals due to local inflammation of the pituitary, thyroid, adrenal and gonadal glands
(REINCKE et al., 1998). Similarly, some endocrine dysfunctions were reported in T.
congolense infected-goats (MUTAYOBA et al., 1988), -cattle (OGWU et al., 1992), and rams
(MUTAYOBA et al., 1994). There is dearth of such reports on T. vivax infection.

The present study was conducted to investigate the pathological changes in the
thyroid gland, based on circulating thyroxine profiles and thyroid glandular lesions in
cattle experimentally infected with T. vivax.

Materials and methods

Experimental animals. Four White Fulani Zebu bulls of between 3 to 4 years of
age, with mass ranging from 180 to 200 kg were purchased from Anchau, in the Kubau
Local Government Area of Kaduna State, located in a tsetse fly-free zone of northern
Nigeria. The animals had no record of exposure to trypanosomal infection. On arrival
at Zaria, the animals were acclimatized for at least 3 months during which they were
dewormed with albendazole (Pantex Holland B.V.), sprayed with chlorphenvinphos
(Pfizona, Pfizer). The animals were kept in cowsheds, grazed daily and given groundnut
hay supplement. Water was provided ad libitum. Blood samples were collected and
screened for haemoparasites.

Parasite. The primary isolate of Trypanosoma vivax was obtained from a naturally
infected cow in Kudaru, the Lere Local Government Area of Kaduna State. The parasite
was identified as pure T. vivax isolate at the Department of Veterinary Parasitology and
Entomology, Ahmadu Bello University, Zaria. A donor bull was inoculated with 5 mL of
the infected cow blood intravenously (i.v.). The parasitaemia was monitored regularly up
to the peak level.

Animal treatment. The experimental animals were placed into two groups of two
animals each. The groups were housed separately and blood samples were collected
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from each bull prior to infection, to determine the thyroxine (T,) levels. The groups were
treated as follows:

Group A. This was the infected group where each bull was infected with 3x10° T.
vivax primary isolate, using 6 mL of the donor bull’s blood. Two milliliters of blood
was collected daily into McCartney bottles containing ethylene diaminetetra acetic acid
(EDTA) and examined, until parasitaemia was established. Determination of their PCVs
was done using the haematocrit method (COLES, 1986) and parasitaemia was monitored
and estimated by the dark ground/phase contrast buffy coat technique-DG (MURRAY et
al., 1983). Subsequently, 3 mL of weekly blood samples were collected from each animal
out of which serum samples were harvested (BUSH, 1975) and stored at -20 °C until
required for T, assay.

Group B. These were the uninfected, healthy control bulls from which blood samples
were collected at the same time and treated as in Group A, until the experiment was
terminated at the thirteenth week p.i.

Thyroxine assay and data analysis. Thyroxine was assayed by the competitive protein
binding (CPB) technique, using a solid-phase enzyme immunoassay method (Microwell
T, EIA kit, Syntron Bioresearch, U.S.A.). The technique is a quantative method for T,
determination. The intra-assay coefficient of variation (CV) was 8.6% (n = 15) at 8.92 ng
dL™,7.2% (n=15) at 7.65 pg dL ™" and 8.5% (n = 15) at 16.9 pg dL". The inter-assay CV
for 15 different assays were 11.9% at 1.94 ug dL™!, 9.0% at 8.2 pg dL "' and 6.1% at 17.5
pg dL7L. Sensitivity by this assay is 0.5 pg dL™! and specificity is >100% at 8ug dL™! for
both L-thyroxine and D-thyroxine.

The weekly means (+SEM) were calculated for both groups. The Student’s t-test
(PHILLIPS, 1978) was used to compare the two means for any significant difference.

Necropsy. Postmortem examination was conducted promptly on the carcasses of the
sacrificed bulls on termination of the experiment at the thirteenth week p.i. The thyroid
glands were excised, trimmed and weighed. Representative sections were obtained and
fixed in 10% neutral buffered formalin for at least 48 h (BUSH, 1975). The thyroid tissues
were dehydrated in ethanol and embedded in paraffin. Sections were made at 5 pum and
stained with haematoxylin and eosin (H&E) stains.

Results

Packed cell volume and parasitaemia. The preinfection mean PCV in the infected
group was 29.5 = 0.7% and 28 + 1.0% in the uninfected group. At termination of the
experiment the mean PCVs were 18.5 + 1.5% and 27.0 + 1.5% in the infected and
uninfected groups respectively, which were significantly different (P<0.05). Parasites
were detected on day 3 p.i. and the first parasitaemic peak occurred on day 6 p.i. in the
infected group.
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Fig. 1. Mean (= SEM) serum thyroxine in Trypanosoma vivax infected (Group A) and uninfected
(Group B) Zebu bulls

Fig. 2. Photomicrograph of the thyroid gland of a bull infected with Trypanosoma vivax. Note
peripheral vacuolations of the colloid (C) and fibrosis in the stroma (B). H&E.

432 Vet. arhiv 79 (5), 429-437, 2009



M. Y. Fatihu et al.: Effect of T. vivax infection on thyroid gland in Zebu bulls

Fig. 3. Photomicrograph of the thyroid gland from a Trypanosoma vivax-infected bull. Widened
interfollicular tissue with fibroplasia. H&E.

Fig. 4. Photomicrograph of the thyroid gland of a bull infected with Trypanosoma vivax. Note
peripheral vacuolations of the colloid (C) and squamous metaplasia of epithelial cells (arrows).
H&E.
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Serum thyroxine concentrations. The mean weekly serum thyroxine (T,) levels in the
T. vivax-infected and uninfected bulls are presented in Fig. 1. The mean T, levels ranged
from 2.0 to 8.0 ug dL" and 5.0 to 8.0 pg dL-! in the T. vivax-infected and uninfected bulls
respectively. There was a significant fall (P<0.05) in the mean T, level of the infected
bulls, 3 weeks p.i. The lowest levels of T, occurred in the infected bulls 6 weeks p.i which
was significantly (P<0.01) below the T, levels in the uninfected bulls. Subsequent declines
in serum T, occurred from the ninth to the eleventh weeks p.i. which were significantly
different (P<0.05) from the T, levels in control bulls. The T, levels in the uninfected
group remained within the normal range throughout the duration of the experiment.

Gross observations. The thyroid glands of both the infected and uninfected animals
showed no gross lesions. The mean mass of the thyroid glands of the infected bulls was
10.15 + 0.1 g compared to 9.74 = 0.6 g in the control bulls. The mean weights were not
statistically significant (P>0.05).

Histopathological observations. In the T. vivax-infected bulls, the thyroid glands
showed focal occurrence of lesions which include: distended follicles, containing
pale-staining colloid, with numerous peripheral vacuolations of the colloid. There was
squamous metaplasia of the follicular epithelium and fibroplasia in the widened stroma
(Figs. 2 to 4). The uninfected (control) bulls showed no histopathological lesions in the
thyroid glands.

Discussion

The significant declines, below the normal level recorded in the serum thyroxine (T,)
on the third, sixth and nineth to eleventh weeks p.i. in the T. vivax-infected bulls, unlike in
the control bulls which remained normal throughout the period of study, could be attributed
to effects of the infection. This fall in the levels of T, could partly explain the weakness
(ITARD, 1989) exhibited in bovine trypanosomosis. The aetiology and classification
of hypothyroidism have been given (COLES, 1986). The decrease in T, levels coupled
with the pathological lesions obtained in the infected bulls were features of primary
hypothyroidism as supported by COLES (1986). A 50% prevalence of hypothyroidism has
been reported in natural T. brucei infection in humans (REINCKE et al., 1998).

The numerous and large peripheral vacuolations observed in T. vivax-infected bulls
in this study were indicative of active resorption of colloid from the follicles (CURRAN
and CROCKER, 2000). This is possibly a response to subnormal declines in T, levels as
revealed by the serum concentrations, and could explain the compensatory higher T, level
on the fifth, seventh and eighth weeks in the infected, compared to the uninfected groups.
However, in T. congolense-infected heifers, OGWU et al. (1992) observed progressive
decreases in serum T, levels from the third to the eleventh weeks when the fall became
significant. This difference could be attributed to a faster response to the falls in T, in the
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infected bulls in this study since the follicular vacuolations and widened interfollicular
tissue observed in the thyroid glands were not reported in the previous study. The
squamous metaplasia of the follicular epithelium observed in the T. vivax-infected bulls,
although not seen in the uninfected (normal) bulls in this study, may also be indicative of
a resting gland (DELLMANN, 1998).

Fibrosis in the stroma of thyroid glands of T. vivax-infected bulls as similarly
encountered in heifers infected with T. congolense (OGWU et al., 1992), could occur due
to reparative or reactive processes and consequently affect the secretive functions of the
gland.

The trypanosomosis-induced decreases in the levels of circulating thyroxine reported
here and previously due to other species of trypanosomes (MUTAYOBA et al., 1988; OGWU
etal., 1992; VAN DAM etal., 1996; REINCKE etal., 1998) could be multifactorial in causation.
Primarily, the pathological lesions produced in the thyroid gland directly affect the ability
of the follicular epithelial cells to produce thyroglobulin (colloid). Indirectly, the thyroid
plasma membrane for thyrotropin contains gangliosides and glycoproteins which contain
sialic acids (JEANLOZ and CODINGTON, 1976; SCHACTER and ROSEMAN, 1980). Perhaps
the sialic acids are also cleaved by trypanosomal sialidases (ESIEVO, 1979) as earlier
established on erythrocytes (DUROCHER et al., 1975; SEAMAN et al., 1977; ESIEVO et al.,
1982) which renders the thyroid membranes insensitive or less sensitive to thyrotropin
stimulation from the anterior pituitary gland, and results in diminished production of
thyroid hormones. Studies in human African trypanosomiasis (REINCKE et al., 1998)
demonstrated central (hypothalamic/pituitary) and peripheral (thyroid and adrenal glands,
gonads) defects in hormone secretion, that were reversed partly by specific therapy,
which restored adrenal and thyroid functions. The authors inferred that the correlation
of hypopituitarism with high cytokine concentration (TNF, IL-6) together with direct
parasitic infiltration of endocrine glands, could be factors involved in pathogenesis of
sleeping sickness-associated endocrine dysfunction.

The present study which has demonstrated dysfunction and pathology in the thyroid
gland of bulls infected with T. vivax, complements available reports on T. congolense
infection in goats (MUTAYOBA et al., 1988) and cattle (OGWU et al., 1992). It further shows
that the haematic group (LOSOS and IKEDE, 1972) of trypanosomes (T. congolense and T.
vivax) could produce significant tissue damage.

Acknowledgements

This study was partly funded by Ahmadu Bello University Board of Research. We thank the late Malam Gidado
Usman for caring for the experimental animals.

Vet. arhiv 79 (5), 429-437, 2009 435



M. Y. Fatihu et al.: Effect of T. vivax infection on thyroid gland in Zebu bulls

References

BUSH, B. M. (1975): Veterinary Laboratory Manual, Heinemann Medical Books, London. pp 109-
112.

COLES, E. H. (1986): Veterinary Clinical Pathology, 4" ed., W. B. Saunders, Philadelphia. pp.
17-19

CURRAN, R. C., J. CROCKER (2000): Curran’s Atlas of Histopathology. 4" ed., Harvey Miller/
Oxford University Press, Oxford. p. 108.

DE GEE, A. L. W. (1980): Host-Parasite Relationships in Trypanosoma (Duttonella) vivax with
Special Reference to the Influence of Antigenic Variation. Krips Repro Meppel, Utrecht. p. 9.

DELLMAN, H. D. (1998): Endocrine system. In: Textbook of Veterinary Histology, 5" ed. (Dellman,
H. D., J. A. Eurell, Eds.). Lippincott Williams and Wilkins, Philadelphia. pp. 294-295.

DUROCHER, J. R., R. C. PAYNE, M. E. CONRAD (1975): Role of sialic acid in erythrocyte
survival. Blood 45, 11-20.

ESIEVO,K.A.N.(1979): Invitro production of neuraminidase (sialidase) by Trypanosomavivax. In:
Proceedings of the 16" Meeting of the OAU/STRC International Council for Trypanosomiasis
Research and Control. Yaounde, Cameroon. pp. 205-210.

ESIEVO, K. A. N., D. I. SAROR, A. A. ILEMOBADE, M. H. HALLAWAY (1982): Variation in
erythrocyte surface and free serum sialic acid concentrations during experimental Trypanosoma
vivax infection in cattle. Res. Vet. Sci. 32, 1-5.

ITARD, J. (1989): African animal trypanosomosis. In: Manual of Tropical Veterianry Parasitology.
C.A.B. International, Wallingford. pp. 181-298.

JEANLOZ, R. W., J. F. CODINGTON (1976): The biological role of sialic acid at the surface of
the cell. In: Biological Roles of Sialic Acids. (Rosenberg A., C. L. Schengrund, Eds.). Plenum
Press, New York, pp. 201-238.

KRISTJANSON, P., J. ROWLANDS, B. SWALLOW, R. KRUSKA, P. DELEEUW, S. NOGDA
(1999): Using the Economic Surplus Model to Measure Potential Returns to International
Livestock Research. The Case of Trypanosomosis Vaccine Research. International Livestock
Research Institute (ILRI), Nairobi, Kenya, pp. 36.

LOSOS, G.J., B. 0. IKEDE (1972): Review of pathology of the diseases in domestic and laboratory
animals caused by T. congolense, T. brucei, T. rhodesiense, T. gambiense. Vet. Pathol. 9
(Suppl.), 1-51.

LOSOS, G. J., J. PARIS, A. J. WILSON, F. K. DAR (1973): Pathology of the disease in cattle
caused by Trypanosoma congolense. Bull. Epizootic. Dis. Aft. 21, 239-248.

MURRAY, M., J. C. M. TRAIL, D. A. TURNER, Y. WISSOCQ (1983): Livestock Productivity an
Trypanotolerance. International Livestock Centre for Africa, Ethiopia, Addis-Ababa, pp. 6-10.

MUTAYOBA, B. M., P. D. ECKERSALL, I. A. JEFFCOATE, V. CESTNIK, P. H. HOLMES
(1994): Effects of Trypanosoma congolense infection in rams on the pulsatile secretion of L.H.
and testosterone and responses to injection of GnRH. J. Reprod. Fertil. 102, 425-431.

436 Vet. arhiv 79 (5), 429-437, 2009



M. Y. Fatihu et al.: Effect of T. vivax infection on thyroid gland in Zebu bulls

MUTAYOBA, B. M., S. GOMBE, G. P. KAAYA, E. N. WAINDI (1988): Effect of chronic
experimental Trypanosoma congolense infection on the ovaries, pituitary, thyroid and adrenal
glands in female goats. Res. Vet. Sci. 44, 140-146.

OGWU, D., C. O. NJOKU, V. C. OGBOGU (1992): Adrenal and thyroid dysfunctions in
experimental Trypanosoma congolense infection in cattle. Vet. Parasitol. 42, 15-26.

PHILLIPS, O. S. (1978): Basic Statistics for Health Science Students, W.H. Freeman and Company,
San Francisco. pp. 82-84.

REINCKE, M., W. ARLT, C. HEPPNER, F. PETZKE, G. P. CHROUSOS, B. ALLOLIO (1998):
Neuroendocrine dysfunction in African trypanosomiasis - the role of cytokines. Ann. New
York Acad. Sci. 840, 809-821.

SCHACTER, H., S. ROSEMAN (1980): Mammalian Glycosyl Transferases: Their Role in the
Synthesis and Function of Complex Carbohydrates and Proteoglycans. Plenum Press, New
York, pp. 85-160.

SEAMAN, G. V. F,, R. J. KNOX, F. J. NORDT, D. H. REGAN (1977): Red cell aging. 1. Surface
charge density and sialic acid content of density-franctionated human erythrocytes. Blood 50,
1001-1011.

SOULSBY, E. J. L. (1982): Helminths, Arthropods and Protozoa of Domesticated Animals. 7" ed.,
English Language Book Society and Bailliere Tindall, London. pp. 514-555.

VAN DAM, J. T. P. D. VAN DER HEIDE, VAN DER HELW, T. S. G. A. M. VAN DER INGH, M.
W. A., VERSTEGEN, T. WENSING, D. ZUWART (1996): The effect of Trypanosoma vivax
infection on energy and nitrogen metabolism and serum metabolites and hormones in West
African Dwarf goats on different food intake levels. Animal Sci. 63, 111-121.

Received: 11 February 2008
Accepted: 2 September 2009

FATIHU, M. Y., S. ADAMU, N. D. G. IBRAHIM, L. O. EDUVIE, K. A. N. ESIEVO:
Udinak pokusne infekcija protozoonom Trypanosoma vivax na Stitnja¢u u zebu
bikova. Vet. arhiv 79, 429-437, 2009.

SAZETAK

Istrazivana je disfunkcija $titnjace u zebu goveda pokusno invadiranih protozoonom Trypanosoma vivax
na osnovi odredivanja razina serumskoga tiroksina (T4) i pojave patoloskih promjena 13 tjedana nakon invazije.
Razine T4 bile su statisticki zna¢ajno manje u invadiranoj skupini zivotinja tri tjedna nakon invazije (P<0,05), 6
tjedana nakon invazije (P<0,01) i 0d 9. do 11. tjedna nakon invazije (P<0,05) u usporedbi s fizioloskim razinama
T4 ustanovljenima u neinvadiranih kontrolnih bikova tijekom pokusa. Patoanatomske promjene Stitnjaca nisu
bile ustanovljene ni u pokusnih ni u kontrolnih Zivotinja, a nije ustanovljena ni statisticki znacajna razlika
tjelesnih masa (P>0,05) medu skupinama. U §titnjacama pokusno invadiranih bikova ustanovljene su Zari$ne
patohistoloske promjene ukljucujuéi skvamoznu metaplaziju folikularnoga epitela s fibroplazijom i prosirenim
interfolikularnim vezivnim tkivom. Kontrolni bikovi nisu pokazivali patohistoloske promjene u Stitnjacama.
Zakljuéeno je da se poremecaj Stitaste zlijezde javlja kod tripanosomoze uzrokovane nametnikom T. vivax u
goveda §to doprinosi opéoj slabosti invadiranih Zivotinja.

Kljuéne rijedi: titnjaca, disfunkcija, zebu govedo, Trypanosoma vivax
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