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ABSTRACT

The course of experimental evansinfection in four dogs was followed for 82 days
and hematological, biochemical and anatomopathcéb@indings were studied.
Infected animals showed progressive decrease ibloed cell count and hemoglobin
concentration, leading to anemia which persistethftne third week post-infection

until the end of the study. Leucopenia and neutn@p@ere observed between weeks 2
and 5 of the infection. The infected dogs develdmgekerproteinemia and a decrease in
the albumin:globulin ratio was observed. Aspartatenotransferase and alamine
aminotransferase levels increased significantipfected dogs in comparison to control
dogs. Histological changes observed in all infeeteithals consisted of lymphoid
hyperplasia in spleens and lymph nodes and celntiido degeneration and periportal
mononuclear cell accumulation in the liver. A massnononuclear cell infiltration of
the myocardium was seen in three dogs and a nonstpge meningoencephalitis was
evidente in two infected animals.
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RESUMO

O presente estudo acompanhou durante 82 dias @ clarsnfeccéo experimental com
T. evansiem quatro caes, realizando a avaliacdo dos ach&eosatoldgicos,
bioquimicos e anatomopatoldgicos. Os animais iaféas mostraram declinio
acentuado na contagem de hemacias, hematocritor @éhemoglobina,
permanecendo anémicos a partir da terceira semaniaféccao até o final do periodo
experimental. Leucopenia com neutropenia foram wiskas entre a segunda e a
quinta semanas apos a infec¢do. Os cées inoculdekeEnvolveram hiperproteinemia,
sendo constatada diminuicdo na relacdo albumindoglma. As atividades séricas de
alamina aminotransferase e aspartato aminotrangeraumentaram
significativamente nos caes infectados em relag@oamimais controle. O exame
histopatolégico revelou hiperplasia linféide no bag linfonodos e infiltrado
mononuclear periportal e esteatose de padréao césttrdar no figado de todos os céaes
infectados. Intenso infiltrado mononuclear foi atvselo no miocardio de trés caes e
acumulos de células mononucleares junto as meniflogas evidenciados em dois
animais infectados.

Palavras-chave: Caolrypanosomavansj hematologia, bioquimica,
anatomopatologia

INTRODUCTION

Trypanosoma evang the causative agent osurra , an important disease widely
distributed in tropical and subtropical regionstr8affects a great variety of domestic
and also wild mammals. In Brazil, the diseasess &hown as mal de cadeiras and
Is endemic in the Pantanal of Mato Grosso and NEtisso do Sul states where it
affects equines, capybaras, coatis and dogs (Stetet., 1989; Nunes & Oshiro, 1990;
Nunes et al., 1993). Natural infections in doghwaitanifestation of severe clinical
symptons have been reported in different regiorBratil (Moreira & Machado, 1985;
Franke et al., 1994; Silva et al., 1995a). Surrdags is characterized by high morbity
and mortality rates and anemia has been recordadassistent finding in naturally
infected dogs (Moreira & Machado, 1985; Galhortalgt1986; Sandoval et al., 1994;
Silva et al., 1995b) but its origin remains unclaad many hypothesis are proposed.
The leucogram of infected dogs seems not to shdefiaed trend; leucopenia with no
change in differencial count has been reporteddnyesauthors (Moreira & Machado,
1985; Silva et al., 1995b), while others registarecchange in total white blood cell
count (Hellebrekers & Slappendel, 1982; Sandoval.efl994). Some alterations in
blood biochemistry, including hypoglucemia and @éase in aloumin:globulin rate,
were verified in naturally infected dogs (MoreiraMachado, 1985; Sandoval et al.,
1994). The main histophatological lesions describetbgs infected witf. evansi
consisted of mononuclear cells accumulations imtlgecardium and
meningoencephalitis (May, 1968; Hellebrekers & Btapdel, 1982). Despite the
importance and the worldwide distribution o$urra , very little is known about the



pathogenesis of this trypanosomiasis. Moreovergethee few reports about the disease
in dogs great part of which refers to isolated sagenatural infection, what justifies
additional investigation. The present work was giesd to study hematological,
biochemical and anatomopathological alteratiordoigs experimentally infected with

T. evansi

MATERIALSAND METHODS

A cryopreserved strain df. evansoriginally isolated from a naturally infected dog
Moreira & Machado (1985) was inoculated intravempusa healthy 8-month-old
mongrel dog. Blood with high parasitemia was usedrffection of experimental
animals.

Eight male and female mongrel dogs about eight hsoot age were used. The animals
were raised in the kennel of the Department of ktedey Pathology, FCAV-Unesp and
kept in flyproof individual households. Dogs weeel fa commercial ration and water
was available ad libitum . Before inclusion in this study the animals weeated

with anthelmintics and immunized against infeccidiseases. Four dogs were
inoculated intravenously each with 2.2 X frf§panosomes (T1, T2, T3 e T4) and four
were used as control (C1, C2, C3 e C4).

Blood samples were collected from the jugular \&iall animals once a week from
day 5 until day 82 of infection. Samples for henamgmwere collected in tubes
containing ethylenediaminetetraacetic acid (EDT&gpaticoagulant and sodium
fluoride for plasma glucose assays. Blood for semged in other biochemical analyses
was collected without anticoagulant. Blood and sesamples were also obtained from
all animals before experimental infection and cdesed as week 0 (mean of three
collections).

Red cell count (RBC), white cell count (WBC) anartogylobin (Hb) concentration
were provided by an automated blood cell count&i(@, Barueri SP) (CC-510)
connected to a hemoglobinomét@iB-520). The packed cell volume (PCV) was
determined using the standard microhematocrit ntethi@an corpuscular volume
(MCV) and mean corpuscular hemoglobin concentraf@HC) were calculated
according to Ferreira Neto et al. (1981).

Seric phosphatase alkaline, alanine aminotransf€¥slsT), aspartate aminotransferase
(AST), total bilirubin, indirect bilirubin, totalnetein and albumin as well as plasmatic
glucose were determined by enzymatic colorimetethads using commercial
available kits ( [1] LAB-TEST, Belo Horizonte MG$erum globulin was recorded as
the difference between serum total protein andraibu

After 82 days of infection, the animals were eutitamed and submitted to necropsy.
Samples from spleen, lymph nodes, heart, liveigdubrain, kidneys and gut were
collected and placed immediately in 10% bufferedna@in. After fixation for 24 hours
the tissues were paraffin embedded, cut iptm Sections and stained with hematoxilin
and eosin (HE).



Data related to hemogram and biochemical assays avalysed using a simple split
splot design. Within each plot, the two experimegtaups were allotted at random.
The times of infection were the subplots.

RESULTS

Infected animals showed a significant decrease.(M30n red blood cell count (RBC),
hemoglobin concentration (Hb) and packed cell vayPCV) mean value§&ig. 1).
There was a marked and progressive decrease invalues between weeks 0 and 4.
Thereafter they tended to stabilize, but remairatbly normal levels from week 3 until
the end of the experimental period. In the cordroup the mean values for these
parameters were within normal range. A signifiadifference (P<0.01) was detected
between the infected and control groups.
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Figure 1. Mean RBC (a), Hb concentration (b} and PCV (¢) of dogs infected with T. evansi (—@—) and
of uninfected dogs (- - O - <)

MCV and MCHC mean values fluctuated irregularlyotighout the experimental
period and no significant difference between thHedted and control groups was
detected. MCV values in infected animals became@bormal levels on weeks 4 and
5, the same period when the lowest RBC values vegjistered, denoting a macrocytic
normocromic anemia. Despite a slight decrease eksvé, 9 and 11, MCHC values in
infected animals remained within normal ranges.

Mean absolute values for total white blood cellrtaiyVBC) in infected group were
significantly different from those of the contralimals (P<0.05). Infection caused
leucopenia between weeks 2 and 5 as consequeacggfificant decrease (P<0.05) in
neutrophils countsHig. 2aand2b). Following this period, the mean values for WBC
and neutrophils in infected group remained withonmal ranges, but lower than in
control group until the end of the study. The mahsolute lymphocyte values in



infected dogs also showed a downward trend betweeks 2 and 5. Nevertheless,
lymphocyte values remained within normal levels #rete was no significant
difference between the groups. No significant cleangere observed in basophils,
eosinophils and monocytes counts and no diferenees found between infected and
control groups.
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Figure 2. Mean WBC (a) and neutrophil counts (b} of dogs infected with 7% evansi (—@—) and of
uninfected dogs (- - O - -,

AST and ALT activity fluctuated irregularly in indeed dogs and the mean values
remained higher than those in control animals dumost of the studied period. A
significant difference was found in AST (P<0.01pakLT (P<0.05) activity between
control and infected groups. AST values were almmrenal levels on weeks 4, 6 and 8
after infection Eig. 3b. Despite remaining within normal levels, ALT mealues
fluctuated in infected animals and were higher ttinvalues found in the control
animals for most of the experimental periét( 39. There was no significant
difference in alkaline phosphatase activity in cohand infected dogs. In both groups
alkaline phosphatase mean values remained withimalaganges.
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Figure 3. Mean ALT (a), AST (b} and indirect bilirubin {c¢) of dogs infected with T, evgnsi (—@—) and
of uninfected dogs (- - O - -).

Bilirubin concentrations remained within normaldévin both infected and control
groups and no significant difference was found leetwthem. However an increase in
total bilirubin mean values due to a rise in indirgilirubin was observed on week 4 in
infected animalsKig. 39. The mean glucose levels fluctuated consideriabboth
infected and control groups, but remained withimmal values, displaying no particular
trends.

Concentrations of total protein in control animalantained at a nearly constant value
during the infection, but in the infected dogsatgdrotein values rose significantly
(P<0.05) throughout the experiment and was fourmy@lmormal ranges from week 10



to 12 Eig. 49. A significant difference in total protein leveilss found between
control and infected groups (P<0.01).
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Figure 4. Mean total protein {a), globulin (b) and albumin (¢) of dogs infected with T evansi (—8—) and
of uninfected dogs (- - O - ).

A significant increase in globulin (P<0.01) andgngficant decrease in albumin
concentration (P<0.01) were observed in infectegsdinfected animals showed
hyperglobulinemia at weeks 4, 10, 11 and 12 aftiction. Globulin and albumin
concentrations in infected group were significawlifyerent (P<0.01) from controls

(Fig. 4band4o).



In all infected dogs, necropsy showed nonspecifanges including emaciation, pale
mucous membranes, enlarged and edematous lympk andemarkedly enlarged
spleens which on section displayed prominence atevdulp Eig. 5. Lesions found in
the heart of three infected dogs consisted of @adas in both right ventricles and
auricles, the latter showing hemorragic aréag.(6). One of the animals presented
serous fluid accumulation in pericardic sac.

Figure 3. Spleen: prominence of lymphoid tissue.

Figure 6. Heart: pale areas and hemorragic points in the right ventricle,

Predominance of mononuclear cell infiltration of thyocardium affecting mainly right
ventricle and auricle and presence of degeneratetiac fibers were observed in three
infected dogs. In some regions the infiltrates waoge pronounced and a dense focal



infiltrate in a area of fibers destruction coulddizservedKig. 7). The spleens showed
lymphoid hyperplasia of various degrees, scatteedorrhagic areas and
erythrophagocytosig here was marked enlargement of lymphoid folliclath

presence of mitotic cells in the lymph nodes. Readition of hystiocitic cells,
plasmocytosis in medullar cords and a marked sirdilsdion with presence of edema
were evident. There was centrilobular fatty degaten of various degrees and
periportal mononuclear cells accumulation in threri Lesions observed in the brain of
two animals consisted of mononuclear cell accunanah white and grey matter areas
of cerebral cortex and also in cerebellae pend$dene lesions displayed the aspect of
glial nodule Fig. 8 and moderated perivascular mononuclear cuffing el@served,
usually nearby the infiltration areas. In additiomderate to severe mononuclear cell
accumulation was observed in the meninges of thebecal cortex, especially in the
sulcus and around meningeal vessels.
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Figure 7. Myocardium: predominant mononuclear cell infiltrate (HE - 400X),



Figure 8, CNS: mononuclear cell accumulations displaving a glial node aspect in the white matter of
cerebral contex (HE — 200X},

No significant changes were detected in the othgaires examined. No trypanosome
were found in blood vessels or in the interstiigdue in any organ.

DISCUSSION

Anemia was a consistent finding as reported preshoin different hosts infected with
T. evansi(Jaktar & Purohit, 1971; Oshiro et al., 1989; Monzt al., 1991) including
dogs (Hellebrekers & Slappendel, 1982; Moreira &hdo, 1985; Silva et al., 1995b).
Despite being considered a significant patholodgealure of the disease, the origin of
this anemia is not completely elucidated. Propasedhanisms include hemolysis as a
result of erythrophagocytosis, hemodilution andrdsgion of erythropoiesis. Increase
in serum unconjugated bilirubin levels in infecedmals occurred at week four after
inoculation, coinciding with the lowest RBC valudsserved, suggesting the occurrence
of an hemolytic crisis in this period of the infiect. Hyperbilirubinemia has been
reported in naturally infected dog as consequehe@& ancrease in unconjugated
bilirubin (Sandoval et al., 1994) and conjugatddudin (Hellebrekers & Slappendel,
1982). Increase in serum bilirubin levels was nobasistent finding during the
infection and did not exceed normal limits suggesthat extravascular destruction of
red cells is a more likely explanation for anenhidected dogs showed leucopenia with
neutropenia from week 2 until week 5 of the infestiLeucopenia (Moreira &
Machado, 1985) and normal leucograms (Hellebreke3tappendel, 1982; Sandoval et
al., 1994) have been reported in naturally infecteds. The marked rise in AST levels,
compared to the rather modest increase in ALT oeskein infected animals, indicate
that little of the former is derived from the livéris likely that the AST originated

from heart muscle since myocarditis was found reg¢hnfected dogs. Increases in ALT
and AST activity have been also observedn avanshnaturally infected dog
(Sandoval et al., 1994). A significant increassenc protein levels, as consequence of
globulin rise, and a parallel decrease in alburoimcentrations were observed in



infected dogs. The decrease in albumin:globuliio fas been frequently reportedTin
evansiinfection in various studied hosts (Jaktar et173; Boid et al., 1980; Moreira
& Machado, 1985; Galhorta et al., 1986; Monzonl et1l®91). It is suggestive that fall
in albumin levels was secondary to hyperglobulireeas a compensatory mechanism
for the maintenance of normal blood viscosity iased by high globulin levels.
Hypoalbuminemia as consequence of liver damagebeagjected since serum
albumin levels fall only after extensive and cholnrer malfunction, what was not a
feature in this experimental infection, as evidehlog liver function tests and
anatomopathological findings. There is evidenceuiggest that increase in
immunoglobulin levels was responsible for hyperglotemia observed in infected
dogs. Study of electrophoretic patterns of seruotgims inT. evansinfected camels
(Jaktar et al., 1973; Boid et al., 1980), equirtsz@ et al., 1981) and cattle (Verma &
Gautman, 1978howed a marked increaseynglobulin fraction.

Gross examination of all infected dogs revealedplyadenopathy and splenomegaly
which, despite being always reportedlinevansinfection, are not pathognomonic for
the disease. Histological lesions in spleen anglymodes consisted of marked
lymphoid hyperplasia and infiltrate of macrophaged histiocytes in the paracortical
zone. According to Woodruff (1973) a progressiviaggement of spleen may occur
when small amounts of antigen are released suwgedgsiver a prolonged period,
leading to a slight and continuous hemolysis. df cells are coated with immune
complexes or sensitized in some way, they areyliteebe removed, at least in some
measure, by the splenic reticuloendothelial tisQentrilobular fatty degeneration and
periportal accumulation were observed in all indelatlogs. It is possible that
degenerative lesions resulted from anemia thatldegd in all infected animals.
Experimental studies have suggested that centidolepatic lesions result in less
hyperbilirubinemia than when cells of the outereane damaged (Cornelius, 1989).
This fact is consistent with the almost unaltergidubin levels found in infected
animals.

Macroscopical lesions observed in the heart oftiméected dogs could not be reported
in the available bibliography. The histologicalitess observed in myocardium of these
animals close resembled those described in trypeniasis caused by. cruzj

although without the presence of the parasite. |&irtesion has been reported in a
naturally infected dog (Hellebrekers & Slappend882) and in horses experimentally
infected withT. evansi{Marques, 1996). Non suppurative meningoencephadimilar

to that found in two of the infected dogs, has begorted in naturally and
experimentally infected horses (Seiler et al., 198dde et al., 1983; Marques, 1996)
and less frequently in naturally infected dogs (MES68; Hellebrekers & Slappendel,
1982). Microglial nodules, similar to those obserue two infected dogs, are very
commonly a feature of viral encephalitis, occurimdpoth gray and white matter, but
are not specific for viral infections. Microgliaésponse to tissue injury may be a
proliferative reaction, although their ability to do seems limited and many of the cells
in proliferative foci are probably derived from gnant histiocytes (Jubb & Huxtable,
1993).

The aetiology of tissue lesions in animals infect&ith T. evansis unknown. However,
it is hypothesized that the deposition of immunmptex in organs and body fluids is
important and leads to the activation of Hagematofaand a cascade of enzymatic
reactions resulting ultimately in the release gbamant pharmacologically active



substances involved in the more chronic phasedseoiflammatory response (Seed &
Hall, 1985). It is clearly that a final explanatiohthe mechanisms of pathogenesis in
trypanosomiasis will be complex and obviously maatre detailed investigation is
need.
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