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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 bioquímico do sangue em búfalos: alterações relacionadas 
 à infecção natural por Trypanosoma spp.

RESUMO
Introdução: Os perfis sanguíneos e bioquímicos de animais podem ser usados   para avaliar 
o estado fisiológico de um indivíduo e relacioná-lo com a saúde desse indivíduo. Em 
muitos países, os búfalos são atualmente avaliados usando parâmetros sanguíneos de outras 
espécies bovinas. Para interpretar com precisão os resultados bioquímicos de animais 
individuais, os intervalos de referência específicos da espécie devem ser estabelecidos. 
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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 et  al. 
2014). It is unequivocal that several factors 
such as age affect the metabolism and, 
therefore, the blood profile of animals 
(Çetin 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 et 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 Trypanosoma 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 et al. 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 

Método: Foram analisados   128 búfalos, sem sinais clínicos da doença e de diferentes 
idades, e calculados os intervalos de referência (IC 95%; p < 0,05). Os dados foram 
analisados   de acordo com três faixas etárias (bezerros, novilhos e adultos) e o estado de 
infecção (infectado ou não por Trypanosoma spp.). Todos os valores bioquímicos de 
proteínas séricas totais, aspartato aminotransferase, gamaglobulina, nitrogênio ureico, 
cálcio e fósforo foram incluídos; estes são parâmetros que geralmente são afetados por 
parasitas ou por infecção com agentes hemotrópicos. Resultados: A infecção natural por 
Trypanosoma spp. originaram diferenças (p < 0,05) em termos de aumento de cálcio e 
diminuição de proteína total, fosfatase alcalina e aspartato aminotransferase. Com isso, 
pode-se inferir que a infecção segue um curso crônico nos animais acometidos, neste 
caso, animais jovens ou novilhos.
Palavras-chave: parâmetros sanguíneos, Bubalus bubalis, química do sangue, Trypanosoma 
spp., microrganismo hemotrópico.
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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 (Çetin et al. 2014; Hilali 
et al. 2006; Martini et 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 et 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 et  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 et al. 2015; Desquesnes 
et al. 2013; Hilali et al. 2006).

The objective of this study was to 
determine the blood chemistry values in 
buffaloes (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 et al. 
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 µl 
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 et al. 1990).

Statistical analysis
The RIs were determined in accordance 
with the American Society for Veterinary 
Clinical Pathology (ASVCP) guidelines 
(sample size: > 50) (Friedrichs et 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 
(3 x IQR, 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 et  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 RIs 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.
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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 Conventional 
units SI units LRL of RIg URL of RIg LRL of RIg URL of RIg

Calcium mg/dL mmol/L 4.201 13.7738 7.9 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 µmol/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 61 251.1 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.
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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) in the 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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DISCUSSION
To our knowledge, the present study 
was one of the attempts to establish RIs 
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 RIs 
in veterinary species (Arnold et 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 RIs in water buffaloes 
in South America have not specified the 
biological, clinical, and geographical 
characteristics for establishing RIs.

The need for buffalo-specific RIs 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 

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.
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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 et al. 
2014; Hilali et  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 et al. 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 et  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 a vector-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 et 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 et al. 2014)

Regarding the alterations found in 
animals naturally infected by Trypanosoma 
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 T. 
congolence in buffaloes (Reddy et al. 1988). 
In turn, changes in the decrease of AST 
and GGT were evident with respect to 
the general population. Similar to what 
(Fidelis Junior et 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 RIs 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.
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