https://doi.org/10.15446/rfmvz.v70n1.102493

Rev Med Vet Zoot. 70(1), ENERO-ABRIL 2023: 30-44 INVESTIGACION

Biochemical blood profile in water buffaloes: alterations related
to natural infection by Trypanosoma spp.
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ABSTRACT

Blood and biochemical profiles of animals can be used to evaluate the physiological
state of an individual and relate it to that individual’s health. In many countries, water
buffaloes are currently evaluated using blood parameters from other bovine species. To
accurately interpret the biochemical results from individual animals, species-specific
reference ranges should be established. One hundred and twenty-eight water buffaloes,
without clinical signs of disease and of different ages, were analyzed, and reference
intervals were calculated (95% CI; p < 0.05). The data were analyzed according to three
age groups (calves, young animals, and adults) and the infection status (infected or
uninfected with Trypanosoma spp.). All the biochemical values of total serum proteins,
aspartate aminotransferase, gamma globulin, urea nitrogen, calcium, and phosphorus
were included; these are parameters that are generally affected by parasites or by infection
with hemotropic agents. Natural infection with Trypanosoma spp. gave rise to differences
(p < 0.05) in terms of increased calcium and decreased total protein, alkaline phospha-
tase, and aspartate aminotransferase. Thus, it can be inferred that the infection follows
a chronic course in the affected animals, in this case, young animals or young animals.
Keywords: blood parameters, Bubalus bubalis, blood chemistry, Trypanosoma spp.,

hemotropic microorganism.

Perfil bioquimico do sangue em hifalos: alteracdes relacionadas
a infeccao natural por Trypanosoma spp.

RESUMO

Introdugao: Os perfis sanguineos e bioquimicos de animais podem ser usados para avaliar
o estado fisiolégico de um individuo e relacioni-lo com a satde desse individuo. Em
muitos paises, os bafalos sio atualmente avaliados usando pardmetros sanguineos de outras
espécies bovinas. Para interpretar com precisao os resultados bioquimicos de animais

individuais, os intervalos de referéncia especificos da espécie devem ser estabelecidos.
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Método: Foram analisados 128 bufalos, sem sinais clinicos da doenga e de diferentes
idades, e calculados os intervalos de referéncia (IC 95%; p < 0,05). Os dados foram
analisados de acordo com trés faixas etdrias (bezerros, novilhos e adultos) e o estado de
infeccdo (infectado ou nido por Trypanosoma spp.). Todos os valores bioquimicos de
proteinas séricas totais, aspartato aminotransferase, gamaglobulina, nitrogénio ureico,
célcio e fésforo foram incluidos; estes sio parimetros que geralmente sio afetados por
parasitas ou por infec¢io com agentes hemotrépicos. Resultados: A infecgio natural por
Trypanosoma spp. originaram diferengas (p < 0,05) em termos de aumento de célcio e
diminuigio de proteina total, fosfatase alcalina e aspartato aminotransferase. Com isso,
pode-se inferir que a infecgdo segue um curso cronico nos animais acometidos, neste
caso, animais jovens ou novilhos.

Palavras-chave: parAmetros sanguineos, Bubalus bubalis, quimica do sangue, Trypanosoma
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INTRODUCTION

Determination of blood and serum bio-
chemical parameters of animals is essential
for confirming clinical diagnoses and
estimating the severity of diseases (Piccione
2010). Additionally, these parameters are
commonly used as useful indicators of the
health and nutritional status of individuals
of many species. They therefore help in
diagnosing metabolic diseases, managing
infertility and resolving low productivity
among farm animals (Abd Ellah ez 4.
2014). It is unequivocal that several factors
such as age affect the metabolism and,
therefore, the blood profile of animals
(Cetin et al. 2014).

Nonetheless, we have not been able
to find many studies investigating the
blood composition of the water buffalo
(Bubalus bubalis). It is known that the
genetic makeup of these animals is unique
and that it gives them the ability to graze
freely at night, thus avoiding high daytime
temperatures, and enabling them to manage
the stress of temperature differences and
sparsity of forage during droughts. When
well-fed, buffaloes can produce twice as
much milk as any other animal adapted
to Latin America (Young ez al. 2019).

Given the above, the present study
was carried out to describe the alterations
to hematological and blood chemistry
parameters that are present in animals
naturally infected with 7rypanosoma spp.,
and to assess their variation at different
ages and physiological stages.

‘The buffalo population in Latin Ame-
rica is estimated to be approximately
3,800,000 (Almaguer Pérez 2017). In
Colombia, it has grown remarkably,
reaching a current number of around
338,567 animals in 2019 (Instituto
Colombiano Agropecuario 2022). Water
buffaloes are hardy animals that adapt
very easily to geographical conditions
that are difficult for cattle. Despite their
phenotypic resemblance to cattle, they
are genetically closer to sheep and goats
than to cattle (Young ez a/. 2019). They
are economically important due to their
multipurpose production capacities,
providing meat, milk, and work in areas
where modernization is of limited use
to agricultural production (Cruz 2007).

Buffaloes are widely distributed in
the tropics of the Americas and on the
Asian and African continents. They are
susceptible to high temperatures and high
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rates of solar radiation due to the dark
coloration of their skin. These factors
give rise to decreased production, and
in some reports, these have been found
to be associated with alterations at he-
matological, physiological, reproductive,
biochemical, and oxidative levels (Pandey
et al. 2015).

Blood parameters are frequently used
tools for diagnosing different pathological
conditions that affect buffaloes. Because of
the anatomical similarity between buffaloes
and cattle, laboratories in different Latin
American countries routinely use the
ranges established for cattle. However, this
is not recommendable, given the variations
in erythrocyte, platelet, leukocyte, and
hemoglobin levels, and in agglomerated
cell volume, that have been reported by
some authors (Cetin ez /. 2014; Hilali
etal. 2006; Martini ez al. 2019). To analyze
the blood parameters of naturally infected
buffaloes, tropical conditions in South
America need to be evaluated, considering
the animals’ ages and the environmental
and geographical conditions (Abd Ellah
et al. 2014; Torres—Chable ez al 2017). The
growth in the buffalo population has not
been accompanied by any notable growth
in research on these animals.

Hemotropic microorganisms such as
Trypanosoma spp. affect many animals,
including buffaloes, and parasites of this
genus are transmitted through vectors such
as Tabanus and Stomoxys, among others
(Desquesnes ez al. 2013). The diseases
caused by these microorganisms are cha-
racterized as acute in young animals and
pregnant females, which can die in only
a few weeks. However, the form of these
diseases in endemic areas is characterized
as chronic, causing anemia and renal and
liver platelet disorders, which result in

animals that present poor body condition,
cachexia, and death due to multiorgan
damage (Birhanu ez 2/. 2015; Desquesnes
et al. 2013; Hilali ez 2/ 2006).

The objective of this study was to
determine the blood chemistry values in
buftaloes (Bubalus bubalis) of different ages
that were naturally infected with hemotropic
microorganisms such as Trypanosoma spp.

MATERIALS AND METHODS

Ethics committee approval

The present study was approved by the
ethics committee of CES University,
Colombia, in 2018, before the beginning
of the study.

Study design and area

The study area was located between the
latitudes of 7.971111 and 8.09583 degrees,
and between the longitudes of 75.400278
and 75.5075 degrees. The average altitude
was 20 meters above sea level (masl) and
the maximum was 150 masl. The average
annual temperature was 27 °C and the
annual precipitation ranged from 1500 to
2000 mm, distributed bimodally, generally
from April to May and from October to
November. All the animals lived under the
same environmental conditions.

The choice of the study area was based
on the Colombian population of water
buffaloes. According to the latest livestock
census of 2019, the buffalo population in
Colombia is around 338,567 animals. Most
of the buffaloes in Colombia are found in
the departments of Cordoba (25.5%) and
Antioquia (16.1%) (Instituto Colombiano
Agropecuario 2022). Those areas with
the greatest concentrations of buffaloes
in Colombia were chosen.
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Reference population

A local census was taken in Cordoba and
Antioquia, where the largest populations
are located, and the total was found to
be 55,307 animals. The sample size was
calculated from this study population,
using the methodology for estimating
the global point frequency of a disease
in large populations, with a confidence
level of 95%, an expected proportion of
50%, and an expected absolute error of
3%. Through this, a sample size of 1068
animals, adjusted to 1225, was obtained.
From this sample, a subsample calculation
was performed on the total population
of 1225 animals with a confidence level
of 95%, an expected standard deviation
of 30%, and absolute precision of 5%,
thereby obtaining a sample size of 125
animals, adjusted to 128.

Fifty-one farms participated in this
study, by signing an authorization for
the ethics committee. The samples were
taken over a period of about eight months.
Animals were randomly included accor-
ding to age and group. All animals that
showed lethargy, gestational status, low
body condition, and/or externally visible
lesions, or that had been treated with
antibiotics or antiparasitic in the last three
months, were excluded. Blood samples were
collected from 128 animals, with a mean
age of four years (range: 1-16 years). All
these animals were currently vaccinated
and dewormed and none of them showed
signs of disease during the month before
and after blood withdrawal.

Preanalytical procedures

Blood samples of 7 mL were collected
aseptically with homogenization, from
the coccygeal vein, using vacutainer tubes.

Some tubes contained the anticoagulant
ethylenediaminetetraacetic acid (EDTA)
and others did not have anticoagulants (BD
Vacutainer Systems, Preanalytical Solutions,
Plymouth, UK). Sample collections were
done using an 18-gauge needle and holder.
After collection, the blood samples were
inverted eight to ten times, refrigerated,
and transported to the laboratory of the
Colombian Institute of Tropical Medicine
(ICMT), located in Envigado, Antioquia,
Colombia. When the tubes arrived, the
samples were left at room temperature
and then analyzed.

Analytical procedure

To visualize hemotropic microorganisms
through standard methods (Palmer ez 4/.
2015) ), all samples were immediately
processed for evaluation by means of blood
smears. All tubes showing coagulation,
hemolysis, lipemia, or jaundice were

excluded.

Biochemical blood analysis

From the samples in the tubes without
anticoagulant, the serum was separated at
3,000 rpm for 10 minutes, and then 500 pl
of sample from each animal was deposited
in the automated analyzer A15 (Biosys-
tems®). This automated analyzer integrates
biochemistry and turbidimetry reagents,
with management software that makes it
possible to control the samples in relation
to the reagents. It enables measurement
of the parameters of the basic chemical
profile of kidney and liver function such as
phosphorus, calcium, alkaline phosphatase
(ALP), aspartate aminotransferase (AST),
creatinine (CRE), blood urea nitrogen
(BUN) and gamma-glutamyl-transferase
(GGT). These parameters were chosen
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in accordance with the literature, which
shows the most important biochemical
values for making veterinary diagnoses,
in order to demonstrate the functioning
of the main organs in the animal (Barger
and MacNeill 2015).

To visualize hemotropic microorga-
nisms, a blood smear was made using a
drop of blood from the EDTA tube, which
was stained with Hemacolor® (15) and then
observed under a 100x microscope by two
independent laboratory bacteriological
observers. Both observers were blinded

to the results (Walker ez 2. 1990).

Statistical analysis
The Rls were determined in accordance
with the American Society for Veterinary
Clinical Pathology (ASVCP) guidelines
(sample size: > 50) (Friedrichs ez al. 2012).
The Kolmogorov—Smirnov test was used
to evaluate the normal distribution of
values with p < 0.05 (reference value
advisor). The Dixon and Tukey test
(3xIQR, 1.5 x IQR) was used to identify
outliers and suspicious outliers (reference
value advisor). The 95% reference inter-
vals were calculated by eliminating the
top and bottom 2.5% of the range for
each hematological parameter, to give
the 2.5 and 97.5 percentiles. The 90%
confidence interval (CI) was calculated
for each reference limit to determine
whether its precision was sufficient for
clinical use. The analysis was performed
using untransformed data. The correlation
analysis was performed using the Student’s
t-test (Student 1908) and Levene’s test
(Gastwirth ez al. 2009). A significant
value of p < 0.05 was taken.

The values obtained in this project
were tabulated in a database made in

Excel software and were analyzed using
the IBM SPSS V.22 statistical software.

RESULTS

Description of the population and
study area

The animals were randomly included
according to age and group. All animals
showing lethargy, gestational status, low
body condition, and/or externally visible
lesions, or that had been treated with
antibiotics or antiparasitics in the last three
months, were excluded. One hundred
and twenty-eight animals were included
in the study, of which 75.8% (97/128)
were female and 24.2% (31/128) were
male; 50% (64/128) were young animals,
19.5% (25/128) were calves and 4.7%
(6/128) were adults.

Blood biochemistry

The blood biochemistry results are presented
in tables 1, 2, and 3. Table 1 shows the
RI for the entire population included in
the study. Table 2 shows Rls according
to age group. Table 3 shows the results
from Trypanosoma spp.-positive animals.
Blood smear of positive animals is shown
in figure 1 with red blood cell alteration
descriptions on table 4. Normal ranges
used in cattle are shown as a normal way
to analyze biochemistry parameters in
water buffalos in Colombia.

Calcium, phosphorus, and creatinine
values were similar between ages and cattle
ranges, showing uniformity between stan-
dard deviation and means. Ureic nitrogen
showed lower ranges, approximately half
compared to cattle values, we have not
found significant differences between ages.

54

JARAMILLO ET AL., BIOCHEMICAL BLOOD PROFILE IN WATER BUFFALOES:

ALTERATIONS RELATED TO NATURAL INFECTION BY 7RYPANOSOMA SPP.



Rev Med Vet Zoot. 70(1), ENERO-ABRIL 2023: 30-44

INVESTIGACION

¢0¢ 79 ON €660 0 vle 09 vl e Ll 6 9¢ 8¢l n /N aseleydsoyd auljey|y
€e 8 ON LLy'0 Geo0 9¢ 8 6l L 0¢ <01 9l 8Ll n n 199
vyl GG 9 6500 0 GGl G 0Ll 74 0l 8Ll 6 LT1 n n 1SV
G9'¢ 780 9 GLL'0 0 e ¢60 €L 6€°0 Ll Ll l gzl 7/jowrd  p/Buw auluneas)
'8¢ 96 9 LLO 800 G'ee 8 GGl 97’6 GL'9l 60l 6l gzl floww  p/Bw uabouyu o181n
Gvol 79Y 9 ¢€00 [A\] [ ) A AYAR A 89’1 8g’L  8ll 0l gzl foww  p/Bw snioydsoyd
6L€l 796 9 ¥61°0- €900 9¢€l ¢lt 96 661 9¢6 90l [44 8zl /oww  p/Buw wniojey

_oﬂ_uz Blgjo 141 euonnquisig _r.“”__“__m_ﬁ Hﬂ.__m_.u_.m”_,.__ XeW W uepaN  40S  QueaW =m=”_w__mm<. jemu S evonuonuog sayhjeuy
uonenduod |y sonsne)s aanduosaq SjuawaInseapy

1581 Ayjewuiou Aouliwg-AoJoBowloy ‘uoneindod }npe ay} Joj S|eAIBIUI BOUBIBLBY

abe 01 Buipioooe uone|ndod ayy jo sia1aweled |eolwaya0Iq poo|g ‘'z I19VL

‘uoiljeloge|d umo :83inog

*(£861) B19q|0S pue 218|9M184 Ag papuBLIWODal SB ‘|Y YIBa J0j PBIRINI|RD BI8M S|BAISIUI 3UBPIUOY “Hw| [e1184a1 saddn Ty pue
“Jwi| |eJayal JaMO] “TYT ‘WNWIUIW ‘Ul ‘WNWIXBW ‘Xe|A ‘UBISSNEY-UOU ‘DN ‘UBISSNEE ‘0 ‘UONEIASP piepuUeRlS ‘QS "SalAjeue [ealWayd poojq Joj S|y pue sonsnels aanduasaq

1'16¢ 19 ON €660 0 949¢ 09 GZLL LLI'LS 9F'ecl 6 9¢ 8¢l n 7/n  8sejeydsoyd auijey|y
ev'ae 8 ON LIY'0 GE00 [47 8 6L ¢L9L 100¢ <0l 9l 8Ll /N /N 199
L8l GL'CE 9 6500 ¢0  ¥0¢ 9L 0Ll 86¥'€E vE60L 8lL 6 LCl /N /N 1SV
719¢C 7480 9 GL10 ¢0 68¢C 890 €91 96EWY0 GG9'L LCL I 8zZL 1/owd 1p/Bw auluneal)
GLE0E GLL9 9 LLO 800 G/L9 99 vl ¢09 67l 601 6L 8zl 7/ioww 1p/Bw uabouu a1ain
861'Ll G8LGE 9 €00 ¢0 €L¢eL 1ee 9¢'L 6l €69¢°L 8l 0L 8zl 7/ioww 1p/bw snioydsoyd
8eLLEL L0C'Y 9 #61°0- €900 ¢vGl €9¢ 8E6 GL¢C €6 90l ¢¢ 8¢l /ioww 1p/Bw wniofen
i . o'qanjen-d ] umelpyim
sﬂ_u: Blyjo 141 suonnquisig _r.“w”__h_wﬂ sl W VN N qos queon ety Sonen jemu S euonuonuog sajhjeuy
uonendwoa |y sansne)s aanduasaq SJU3WAINSEA\|

1881 Ajljewou Aouliwg-AotoBow|oy ‘uoiendod 81031 8Y) 10} S|EAISIUI BOUBIDLBY

uone|ndod ojeynq |10} 8y Jo sialaweled [ealWaydolq poo|qg L J19VL

55|

JARAMILLO ET AL., BIOCHEMICAL BLOOD PROFILE IN WATER BUFFALOES:
ALTERATIONS RELATED TO NATURAL INFECTION BY 7RYPANOSOMA SPP.



INvESTIGACION

Rev Med Vet Zoot. 70(1), ENERO-ABRIL 2023: 30-44

"UOI}RIOGRI3 UMO :33IN0S

‘(1861) B1ag|og pue 2918|9118 Aq papuswwodal se ‘|y Yaea J0j pale|na|ed alam S[eAISUI 89UBPYUOY NIl [ellaal Jaddn ‘TN
pue iwi| [e418)8] JAMO| “TYT ‘WINWIUIW ‘UIjA] ‘WNWIXeW ‘Xe|A| ‘UBISSNRO-UOU ‘D ‘UBISSNEL ‘D) {UOIBIASD pIBPUE]S ‘(S "S8lA[eUE [BIIWAYD Poo|q 10} [y pue sonsnels aanduasaq

t 174 29 9N €56°0 0 96z 19 7t 29 el 16 9 8zl /N /N asejeydsoyd auljey|y
e 6 9N L0 GE0'0 Gg 8 Gl 8 8L ¢ol 9l gLl /N /N 199
9Ll € 9 6500 0 ¥0¢ € 0Ll ey Lol 8Ll 6 Lzt n /N 1SV
Ge L6°0 9 GLL0 0 Lz 60 191 6v0 1L Ll l 8zl 1/owrd  Jp/buw aulunesal)
A L9 9 LLO 800 L9 99 €6 tv¥9 L€l 60l 6l 8zl Toww  p/buw uabouu a1ain
€16 9% 9 €00 70 €L0L 62T €5L SLL 6L 8L 0L 8zl oww  p/Bw snioydsoyd
90°ZL 6L 9 ¥G1°0- €900 66CL 6LG €L0L Gl 966 90l [44 8zl floww  p/Bw wniajen
B , d o'qanjea-d . umelpym
joqan D011 evomnqusig RSN i, O WW RN das  queol ety Samen jemu SIS euonuonuog sayhjeuy
uonendwod |y soansne)s aanduosag S)UdWIAINSRAN
158} Ajjjew.ou Aouliwg-A0J0BowW|0Y ‘SI1881S 10§ S|BAIBIUI 8IUBIB)AY
L€2 69 9N €660 0 G6&¢ 19 60l 1S €l 76 9 gzl /N /N asejeydsoyd auljeyy
A% oL 9N L0 Ge00 4 6 (Y4 8 [AAI]} 9l gLl /N /N 199
81 L9 9 6500 0 G0z 9L LlL 9 €Ll 8Ll 6 el an /N 1SV
68°C 860 9 GLLo 0 L' ¢60 891l G¥0 89l [Tl l 8zl 7/lowd  p/Bw auluneal)
¥'9¢ vL 9 LLO 800 ¢Cle 89 6¢€ €19 8¥l 60l 6l 8zl /oww  p/Buw uaBouyu arain
8lLL £ 9 ¢e00 ¢0 eleL §89°¢  LeL 907C Gy'L 8Ll 0l 8zl floww  p/Bw snioydsoyd
vel 8y 9 ¥G10- €900 <c¢v'SL €9¢ €18 GGC G668 90l 44 8zl oww  Tp/buw wnigjey
By pqenjen-d o'qanjea-d '0u UMeIpyium -ou suun
074N 614 Jo 147 auonnquisiqg Anowwig >-__M.””cz Xe\ Uiy  uelipay qas quesly |euly cm_.”“h_ahm - spun | [euoRuanuo? sajhjeuy
uonendwoa |y sansne)s aanduasag sjuawainseapy

18} Ayjew.ou Aouliwg-AoloBow|oy ‘uone|ndod paleal/BunoA 1oy sjealalul adualajey

JARAMILLO ET AL., BIOCHEMICAL BLOOD PROFILE IN WATER BUFFALOES:

36

ALTERATIONS RELATED TO NATURAL INFECTION BY 7RYPANOSOMA SPP.



INVESTIGACION Rev Med Vet Zoot. 70(1), ENERO-ABRIL 2023: 30-44

TABLE 3. Biochemical blood parameters of the buffalo population, according to age, compared with
the standard evaluation values from the A15 Biosystems® equipment

Reference intervals for the total population Standards
Measurements RI computation Values in cattle
Analyte c°"‘$l';g°“a' Slunits  LRLofRl* URLofRl* LRLofRI®  URL of RI°
Calcium mg/dL mmol/L 4.201 13.7738 79 10
Phosphorus mg/dL mmol/L 3.5185 11.198 4.6 9
Ureic nitrogen mg/dL mmol/L 6.775 30.375 21.4 55.6
Creatinine mg/dL pmol/L 0.854 2.614 0.5 1.1
AST u/L u/L 32.75 187.2 48 100
GGT u/L u/L 8 35.43 20 48
Alkaline phosphatase u/L u/L 61 2511 29 99

LRL, lower referral limit; and URL, upper referral limit, for both species.
Source: own elaboration.

FIGURE 1. Blood smear representation of positive animals. A. Arrow showing red blood cells with
hypochromia, abnormal forms. Trypanosoma spp. presence B. Rouleaux formation and Trypanosoma
sp. C. Arrow showing rouleau formation and Trypanosoma sp. clotted. D. Arrow schistocytes and
Trypanosoma sp.

Source: own elaboration.

JARAMILLO ET AL., BIOCHEMICAL BLOOD PROFILE IN WATER BUFFALOES: 37
ALTERATIONS RELATED TO NATURAL INFECTION BY 7RYPANOSOMA SPP.



Rev Med Vet Zoot. 70(1), ENERO-ABRIL 2023: 30-44

INvESTIGACION

The aspartate aminotransferase (AST)
values changed notably between ages.
Adults generally presented a lower range
of 55 (U/L), compared with young/
reared animals that presented a range
of 67 (U/L). Calves, on the other hand,
had a level of 33 (U/L). Regarding the
upper range, there was a large range of
187 (U/L) among young/reared animals,
followed by calves with 176 (U/L) and
adults with 144 (U/L). General population
of the study shown higher RI, compared
with cattle RI.

GGT values show no differences ac-
cording to age and cattle, PA shows a
higher range compared to cattle values.
The upper range increase in almost all
the population of the study until 251 mg/
dL, and in cattle normal range is until 99
mg/dL. According to the values used in
cattle for PA, we have seen differences in
the upper range going to 243 mg/dL in
young animals. In cattle, the normal range
is 20 to 48 mg/dL, but in this study, we
found 61 to 251.1 mg /dl, howing a big
difference.

Results from blood smears and
capillary concentration
This test detected that 18% (23/128) were
positive for Trypanosoma spp. without
clinical signs. All tests were negative for
other hemotropic organisms. Among the
female buffaloes tested, 52.17% (12/23)
were positive, and among the males,
47.82% (11/23). The age group that was
most frequently positive was young/reared
animals with 69.56% (16/23), then calves
with 17.39% (4/23), followed by adult
female buffaloes 26.1% (6/23), and bulls
4.3% (1/23).

A significant difference (p > 0.05)
between the sexes was found regarding

positivity to Trypanosoma spp. Males
contracted the disease more naturally.
There was no relationship between age
group and infection in this research.

Changes to biochemical parameters
in buffaloes naturally infected with
Trypanosoma spp.

A statistically significant relationship (p
< 0.05) was found regarding the blood
calcium levels in infected animals. These
levels were found to be increased in infected
animals, with a mean of 18.06 versus a mean
of 9.05 in healthy animals. For alkaline
phosphatase, higher values were found in
animals that were positive for the infection,
compared with the rest of the population.
For alkaline phosphatase, a mean of 86.8
was found in infected animals, compared
with 12.2 in healthy animals. For GGT, a
mean of 14.43 was found, compared with
20.2 overall. However, GGT values were
observed not to be lower than the lower
end of the ranges for the total population
analyzed and cattle values

For UN values and ranges, we have
seen an evident increase in the ranges
and mean compared with not infected
animals of the study.

The distribution in relation to the rest of
the population can be seen in figure 2. For
calcium, not only there was an increase in
the mean shown, but also the ranges stood
out from the upper end of the ranges for the
total population, as seen in figure 3. Total
proteins showed a decreasing trend with
infection by Trypanosoma spp., compared
with the uninfected population, data not
included in tables.

There was no statistically significant
relationship between the presence of the
infectious agent and the other analytes
evaluated.
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FIGURE 2. Displacement of the analytes alkaline phosphatase (ALP) and gamma-glutamyl transpeptidase
(GGT) inthe population infected by Trypanosoma spp. Note that although the values do not decrease
in relation to the range of the general population, the location of the cases is observed to be among
the lower values.

Source: own elaboration.
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FIGURE 3. Simple distribution diagram. Distribution of calcium findings in blood in animals naturally
infected by Trypanosoma spp. It can be seen that animals with positivity generally had a shift to the
right, through which an increase in analyte values was demonstrated.

Source: own elaboration.

DISCUSSION

To our knowledge, the present study
was one of the attempts to establish Rls
for blood biochemistry analytes in water
buffalo (Bubalus bubalis) in South America,
done in accordance with the recently
published ASVCP QALS committee
guidelines for the determination of Rls
in veterinary species (Arnold ez al. 2019),
in comparison with the different ranges
used in cattle.

Overall, the data gave us a unique op-
portunity to make comparisons between the
naturally infected animals and the results
of healthy animals. Variations between data
sets were minimized by comparing ages
and natural infection with Trypanosoma
spp. For the RI analysis, animals that
were positive for Trypanosoma spp. were

analyzed through blood smears. The

stages of lactation or gestation could not
be compared all the animals in gestation
were excluded. The data of this study give
the possibility to see some differences
according to Buffalo species and cattle.

Most of the previous textbooks and
studies reporting on Rls in water buffaloes
in South America have not specified the
biological, clinical, and geographical
characteristics for establishing Rls.

The need for buffalo-specific Rls is
increasingly discussed within veterinary
medicine. In several countries, values
taken from cattle are routinely used for
analyzing the physiological and health status
of water buffaloes. However, in our study,
we found several differences according to
the species: most of the parameters had
a wider range than in cattle, as shown in
table 3. All these values for buffaloes were
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compared with the parameters given by
the A15 Biosystems® analyzer, which is
used for cattle. Among the animals in the
study, 50% were young animals and 25%
were Mediterranean buffalo. The rest of
the animals were crosses and mixtures of
age groups.

Within tables 1 and 2, calcium and
phosphorus showed uniformity of results
between sexes and ages and also similar
to the values found in cattle. Similar to
what was evaluated by (Abd Ellah e al.
2014; Hilali ez al. 2006), where they
found values of 9.7-12.4 mg/dL and in
our study of 4-13 mg/dL showing a slight
decrease in the lower range but the upper
is comparable.

In the case of creatinine, the values were
much higher than those reported in the
literature for cattle with a range between
0.8-2.6 mg/dL, this result is highly similar
to that found by (Abd Ellah ez /. 2014;
Amle et al. 2014), where they show ranges
of 1-2 mg/dL. dL in the study population
in South Africa, but compared to that of
cattle, which ranges from 0.5-1.1 mg/dL
in healthy animals, it is relatively high.
Urea nitrogen presented lower ranges
than those reported in cattle and a greater
amplitude in the measurement range with
units of 21.4-55.6 mg/dL and a standard
deviation of 6.4, although this deviation
decreased a little in adult animals.

AST values were lower than those
described in cattle. But they are com-
parable to those found by (Abd Ellah
et al. 2014; Fidelis Junior er al. 2016),
where they show a range of 78-132 mg/
dL. Consistent with the findings in the
present study, but reinforcing the difference
with those described in livestock ranging
from 48-100 mg/dL. Regarding GGT,
in general, it presented uniformity and
correlation with the values reported in

cattle. Also reported in the same buffalo
hematology articles.

Trypanosomiasis is caused by the genus
Trypanosoma spp. It is avector-borne disease
that commonly affects water buffaloes and
cattle in tropical and subtropical regions.
Although buffaloes that showed signs
of disease, or had evidence of parasitic
infections, were omitted from our study,
natural infections were present and were
usually asymptomatic. Furthermore,
parasitemia is not always visible on blood
smears examined under a microscope
(Desquesnes ez al. 2013). Therefore, a subset
of the animals in our sample population
may have had Trypanosoma spp. infection.
The differences in the state of infection
due to Trypanosoma spp. could be another
reason why the blood biochemistry values
reported in our study differed from those
of other studies. This could also explain
the differences observed between the farms
used in our study.

In alkaline phosphatase, differences
are observed with the established ranges
in cattle, extreme data were found up to
243 mg/dl without any sign of disease,
and these high data were found mainly
in young animals. The study data is 61-
251.1 mg/dL and those reported in cattle
are 29-99 mg/dL. Marking a remarkable
difference between the species. However,
relating studies of the species we find that
higher data are found within the species
than those reported with ranges of 0-488
mg/dL(Abd Ellah ez al. 2014)

Regarding the alterations found in
animals naturally infected by 7rypanosoma
sp. We found a very marked increase in
urea nitrogen. Comparing with the rest
of the evaluated population. Although
it is a little more related to the ranges
managed in cattle, it is convenient to
review the physiological process of the
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infection that can lead to the alteration
and increase of the enzyme, similar
conditions were found in infection by 7.
congolence in buffaloes (Reddy ez a/. 1988).
In turn, changes in the decrease of AST
and GGT were evident with respect to
the general population. Similar to what
(Fidelis Junior ez al. 2016), reports, where
the experimental infection in cattle with
Trypanosoma vivax shows a significant
decrease in both enzymes.

According to these findings, it should
be considered to separate the ranges of
blood biochemistry between the species of
buffalo and cattle, since in certain analytes
they present a constant difference in the
studies and it must be taken into account
to evaluate the degree of real alteration
that they may present in the veterinary
clinic. In addition, it is necessary to review
physiological changes related to infection
by Trypanosoma sp. and urea nitrogen, as
a possible marker of infection.

CONCLUSIONS

In summary, we measured the blood
biochemical variables of healthy water
buffaloes on various farms according
to their age and presence or absence
of natural infection with Trypanosoma
spp.> and provided Rls and various other
statistical data for each variable. It should
be considered to separate the ranges of
blood biochemistry between the species
of buffalo and cattle. In addition, it is
necessary to review physiological changes
related to infection by Trypanosoma sp.
and urea nitrogen, as possible markers
of infection.

The information obtained in this study
will be particularly useful for veterinarians
and others involved in buffalo production.

CONFLICT OF INTERESTCONFLICT OF
INTEREST

We declare that the authors do not have
a conflict of interest.

FUNDING
This research received financial support
received from Colciencia-Minciencias

(National Doctorate Call 757), CES
University, and Vecol®.

REFERENCES

Abd Ellah MR, Hamed MI, Ibrahim DR and Rateb
HZ.2014. Serum biochemical and hematological
reference intervals for water buffalo (Bubalus
bubalis) heifers. Journal of the South African
Veterinary Association. 85(1):7. Available in:
heep://www.scielo.org.za/scielo.php?script=sci_ar
ttext&pid=51019-91282014000100001

Adewoyin AS and Nwogoh B. 2014. Peripheral blood
film. A review. Annals of Ibadan Postgraduate
Medicine. 12(2):71-79. Available in: https://
pubmed.ncbi.nlm.nih.gov/25960697/

Almaguer—Pérez Y. 2007. El bufalo, una opcién dela
ganaderfa. REDVET. 81-23. Available in: https://
www.redalyc.org/pdf/636/63612734014.pdf

Amle M, Patodkar V, Department of Veterinary
Physiology, KNP College of Veterinary Science,
Shirval, Satara, Maharashtra, India, Shelar R and
Birade H. 2014. Serum Biochemical Levels of
Repeat Breeder Cross Bred Cows under Rural
Condition of Satara District of Maharashtra.
International Journal of Advanced Veterinary
Science and Technology. 3(1):109-113. https://
doi.org/10.23953/cloud.ijavst. 193

Arnold JE, Camus MS, Freeman KP, Giori L,
Hooijberg EH, Jeffery U, Korchia J, Meindel
MJ, Moore AR, Sisson SC, Vap LM and Cook
JR. 2019. ASVCP Guidelines: Principles of
Quality Assurance and Standards for Veterinary
Clinical Pathology (version 3.0): Developed by
the American Society for Veterinary Clinical
Pathology’s (ASVCP) Quality Assurance and
Laboratory Standards (QALS) Committee.

0

JARAMILLO ET AL., BIOCHEMICAL BLOOD PROFILE IN WATER BUFFALOES:

ALTERATIONS RELATED TO NATURAL INFECTION BY 7RYPANOSOMA SPP.


http://www.scielo.org.za/scielo.php?script=sci_arttext&pid=S1019-91282014000100001
http://www.scielo.org.za/scielo.php?script=sci_arttext&pid=S1019-91282014000100001
https://pubmed.ncbi.nlm.nih.gov/25960697/
https://pubmed.ncbi.nlm.nih.gov/25960697/
https://www.redalyc.org/pdf/636/63612734014.pdf
https://www.redalyc.org/pdf/636/63612734014.pdf
https://doi.org/10.23953/cloud.ijavst.193
https://doi.org/10.23953/cloud.ijavst.193

INVESTIGACION

Rev Med Vet Zoot. 70(1), ENERO-ABRIL 2023: 30-44

Veterinary Clinical Pathology. 48(4):542-618.
https://doi.org/10.1111/vcp.12810

Barger AM and MacNeill AL. 2015. Clinical patho-
logy and laboratory techniques for veterinary
technicians. Available in: hteps://onlinelibrary.
wiley.com/doi/book/10.1002/9781119421351

Birhanu H, Fikru R, Said M, Kidane W, Gebrehiwot
T, Hagos A, Alemu T, Dawit T, Berkvens D,
Goddeeris BM y Biischer P. 2015. Epidemiology
of Trypanosoma evansi and Trypanosoma vivax in
domestic animals from selected districts of Tigray
and Afar regions, Northern Ethiopia. Parasites
& Vectors: 8(1). https://doi.org/10.1186/
s13071-015-0818-1

Cetin N, Bekyiirek T and Cetin E. 2014. Effects of
sex, pregnancy and season on some hematological
and biochemical blood values in angora rabbis.
Scandinavian Journal of Laboratory Animal
Sciences. 36:155-162. https://doi.org/10.23675/
SJLAS.V3612.180

Cruz LC. 2007. Trends in buffalo production in Asia.
Italian Journal of Animal Science. 6(sup2):9-24.
https://doi.org/10.4081/ijas.2007.s2.9

Desquesnes M, Holzmuller B, Lai DH, Dargantes A,
Lun ZR and Jittaplapong S. 2013. Trypanosoma
evansi and Surra: A Review and Perspectives
on Origin, History, Distribution, Taxonomy,
Morphology, Hosts, and Pathogenic Effects.
BioMed Research International. 1-22. https://
doi.org/10.1155/2013/194176

Fidelis Junior OL, Sampaio PH, Machado RZ,
André MR, Marques LC and Cadioli FA.
2016. Evaluation of clinical signs, parasitemia,
hematologic and biochemical changes in cattle
experimentally infected with Trypanosoma
vivax. Revista Brasileira de Parasitologia Vete-
rindria. 25(1):69-81. https://doi.org/10.1590/
S$1984-29612016013

Friedrichs KR, Harr KE, Freeman KP, Szladovits B,
Walton R M, Barnhart KF and Blanco—Chavez
J. 2012. ASVCP reference interval guidelines:
Determination of de novo reference intervals
in veterinary species and other related topics.
Veterinary Clinical Pathology. 41(4):441-453.
hetps://doi.org/10.1111/vep.12006

Gastwirth JL, Gel YR and Miao W. 2009. The Impact
of Levene’s Test of Equality of Variances on

Statistical Theory and Practice. Statistical Science.
24(3). https://doi.org/10.1214/09-STS301
Hilali M, Abdel-Gawad A, Nassar A Abdel-Wahab
A. 2006. Hematological and biochemical
changes in water buffalo calves (Bubalus bubalis)
infected with Trypanosoma evansi. Veterinary
Parasitology. 139(1-3):237-243. https://doi.
org/10.1016/j.vetpar.2006.02.013

Instituto Colombiano Agropecuario (ICA). 2022.
Censo bufalino en Colombia. Censo pecuario.
Available in: https://www.ica.gov.co/areas/
pecuaria/servicios/epidemiologia-veterinaria/
censos-2016/censo-2018

Martini V, Bernardi S, Russo V, Guccione J,
Comazzi S and Roperto S. 2019. Blood lympho-
cyte subpopulations in healthy water buffaloes
(Bubalus bubalis, Mediterranean lineage):
Reference intervals and influence of age and
reproductive history. Veterinary Immunology
and Immunopathology. 211:58-63. https://doi.
org/10.1016/j.vetimm.2019.04.007

Palmer L, Briggs C, McFadden S, Zini G, Burthem
J, Rozenberg G, Proytcheva M Machin SJ. 2015.
ICSH recommendations for the standardization
of nomenclature and grading of peripheral blood
cell morphological features. International Journal
of Laboratory Hematology. 37(3):287-303.
https://doi.org/10.1111/ijlh.12327

Pandey V, Nigam R, Jaiswal AK, Sudan V, Singh
RK and Yadav PK. 2015. Haemato-biochemical
and oxidative status of buffaloes naturally
infected with Trypanosoma evansi. Veterinary
Parasitology. 212(3-4):118-122. https://doi.
org/10.1016/j.vetpar.2015.07.025

Piccione G. 2010. Reference values for some
haematological, haematochemical, and elec-
trophoretic parameters in the Girgentana goat.
Turk J Vet Anim Sci. 34:197-204. https://doi.
org/10.3906/vet-0902-1

Reddy GR, More T, Sharma SP and Singh LN.
1988. The oxidant defense system in water-
buffaloes (Babalus bubalis) experimentally
infected with Anaplasma marginate. Veterinary
Parasitology. 27(3-4):245-249. https://doi.
org/10.1 016/0304-4017(88)90039-8

Student. (1908). The Probable Error of a Mean. Biome-
trika, 6(1), 1. https://doi.org/10.2307/2331554

JARAMILLO ET AL., BIOCHEMICAL BLOOD PROFILE IN WATER BUFFALOES:

5]

ALTERATIONS RELATED TO NATURAL INFECTION BY 7RYPANOSOMA SPP.


https://doi.org/10.1111/vcp.12810
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119421351
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119421351
https://doi.org/10.1186/s13071-015-0818-1
https://doi.org/10.1186/s13071-015-0818-1
https://doi.org/10.23675/SJLAS.V36I2.180
https://doi.org/10.23675/SJLAS.V36I2.180
https://doi.org/10.4081/ijas.2007.s2.9
https://doi.org/10.1155/2013/194176
https://doi.org/10.1155/2013/194176
https://doi.org/10.1590/S1984-29612016013
https://doi.org/10.1590/S1984-29612016013
https://doi.org/10.1111/vcp.12006
https://doi.org/10.1214/09-STS301
https://doi.org/10.1016/j.vetpar.2006.02.013
https://doi.org/10.1016/j.vetpar.2006.02.013
https://www.ica.gov.co/areas/pecuaria/servicios/epidemiologia-veterinaria/censos-2016/censo-2018
https://www.ica.gov.co/areas/pecuaria/servicios/epidemiologia-veterinaria/censos-2016/censo-2018
https://www.ica.gov.co/areas/pecuaria/servicios/epidemiologia-veterinaria/censos-2016/censo-2018
https://doi.org/10.1016/j.vetimm.2019.04.007
https://doi.org/10.1016/j.vetimm.2019.04.007
https://doi.org/10.1111/ijlh.12327
https://doi.org/10.1016/j.vetpar.2015.07.025
https://doi.org/10.1016/j.vetpar.2015.07.025
https://doi.org/10.3906/vet-0902-1
https://doi.org/10.3906/vet-0902-1
https://doi.org/10.1016/0304-4017(88)90039-8
https://doi.org/10.1016/0304-4017(88)90039-8
https://doi.org/10.2307/2331554

Rev Med Vet Zoot. 70(1), ENERO-ABRIL 2023: 30-44

INvESTIGACION

Torres—Chable OM, Ojeda—Robertos NE Chay—

Canul AJ, Peralta-Torres JA, Luna—Palomera
C, Brindis—Vdzquez N, Blitvich BJ, Machain—
Williams C, Garcia—Rejon JE, Baak—Baak CM,
Dorman KS and Alegria-Lépez MA. 2017.
Hematologic Rls for healthy water buffaloes
(Bubalus bubalis) in Southern Mexico. Veterinary
Clinical Pathology. 46(3):436-441. https://doi.
org/10.1111/vep.12508

Walker HK, Hall WD and Hurst JW (Eds.). 1990.

Clinical methods: The history, physical, and

laboratory examinations (3rd ed). Butterworths.

Young R, Lefevre L, Bush SJ, Joshi A, Singh

SH, Jadhav SK, Dhanikachalam V, Lisowski

7ZM, Iamartino D, Summers KM, Williams
J L, Archibald AL, Gokhale S, Kumar S and
Hume DA. 2019. A Gene Expression Atlas of
the Domestic Water Buffalo (Bubalus bubalis).
Frontiers in Genetics. 10: 668. https://doi.
0rg/10.3389/fgene.2019.00668

Forma de citacion del articulo:

Jaramillo I-L, Tobon JC, Agudelo PM, Ruiz JD. 2023. Biochemical blood profile
in water buffaloes: alterations related to natural infection by Trypanosoma spp.
Rev Med Vet Zoot. 70(1):30-44. https://doi.org/10.15446/rfmvz.v70n1.102493

JARAMILLO ET AL., BIOCHEMICAL BLOOD PROFILE IN WATER BUFFALOES:

ALTERATIONS RELATED TO NATURAL INFECTION BY 7RYPANOSOMA SPP.


https://doi.org/10.1111/vcp.12508
https://doi.org/10.1111/vcp.12508
https://doi.org/10.3389/fgene.2019.00668
https://doi.org/10.3389/fgene.2019.00668
https://doi.org/10.15446/rfmvz.v70n1.102384

