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Abstract

Monitoring hematological indicators and the dynamics of hemotropic agents in sheep
production is essential for diagnosing the animals’ health status under field conditions.
The aim of this study was to evaluate the frequency of hemotropic agents and the hemato-
physiological variability associated with intrinsic and extrinsic factors in sheep from the
“Lanero” Foothills (Colombian Orinoquia). One hundred and forty-eight Creole sheep
(43 males aged 2 to 36 months and 105 females aged 2 to 48 months) from seven production
units were sampled. Blood samples were collected by jugular venipuncture to determine
the complete hematological profile and the presence of hemotropic agents using Wright-
stained blood smears. Five classification criteria (farm, sex, age, body condition score,
and FAMACHA® scale) were evaluated based on three physiological variables and eight
hematological parameters. Sex was the only intrinsic factor with a significant influence
(p < 0.05) on hematocrit, hemoglobin, eosinophils, and platelets (p < 0.05), which remained
within the reference ranges for the species. Females exhibited higher values for hematocrit
(30.5 vs. 28.0%), hemoglobin (10.5 vs. 9.8 g/dL), and eosinophils (0.66 vs. 0.52 × 109/L),
while males presented higher platelet values (467.7 vs. 323.6 × 109/L). Anaplasma spp. was
the most frequent (52.03%). An interaction (p < 0.05) was observed between the “farm”
factor and the frequency of Anaplasma spp. Sex and age were not associated with the fre-
quency of any hemotropic agent. (p > 0.05). Evaluation using FAMACHA® was consistent
with the absence of clinical anemia in the evaluated population. The results demonstrate
the remarkable clinical and hematological resilience of the region’s Creole sheep against
hemotropic agents, reinforcing a scenario consistent with a state of enzootic stability.

Keywords: animal health; naturalized breed; Creole sheep; FAMACHA; tropical
environment

1. Introduction
Sheep production in Colombia has grown in recent years, especially in regions with

favorable agroecological characteristics. Sheep production has become a strategy for food
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security, income generation, and efficient use of available resources for farmers. In the
department of Meta, Colombia, it is estimated that 70% of sheep production takes place on
farms smaller than 5 hectares, particularly in the “Llanero” Foothills region [1].

In the tropical and subtropical ecosystems of Latin America, vector-borne parasitic
diseases represent one of the greatest structural challenges for livestock development. These
ecosystems offer optimal environmental conditions for the proliferation of arthropods,
particularly ticks and biting flies, which are vectors of hemotropic agents [2]. These
infections constitute an often-overlooked problem, despite their capacity to cause significant
losses in animal health and predispose flocks to other comorbidities [3].

Hemotropic agents have been shown to cause the destruction of red blood cells,
leading to anemia, anorexia, jaundice, weight loss, and a consequent decrease in production
indexes [4]. Furthermore, several of these pathologies can affect small ruminants [5]. The
dynamics of hemoparasitosis are influenced by a complex interaction of factors associated
with the physiological state of the host, the ecological characteristics of the environment,
and environmental variables that determine the development of their vectors [6].

The hemotropic species frequently detected in sheep are Anaplasma ovis, Babesia ovis,
and Trypanosoma vivax [7,8]. Monitoring for these hemotropic agents can be strengthened
by directly assessing the flock’s health status using laboratory diagnostic tools such as
blood smears and complete blood counts, or molecular analyses. These techniques allow
for the identification of anemia, hemoconcentration, and other abnormalities suggestive
of an infectious process [9,10]. However, these methods remain underutilized by sheep
producers, despite their critical value for early detection and timely zootechnical and
therapeutic decisions [10]. A study in sheep conducted in Colombia reported an overall
prevalence of 1.6% for Anaplasma spp., 1.0% for Trypanosoma spp., and 0.3% for Rickettsia
spp. [11].

Most reports on hemotropic agents in Colombia have focused on cattle; however,
research shows that these infections in small ruminants often go unnoticed, with subclinical
infections, causing silent production losses [3]. The results of studies in the department of
Meta indicate that there is a situation of enzootic stability for tick-borne hemotropic agents
in cattle, characterized by a mild primary infection that leads to a reduction in hematocrit
with subsequent recovery and transition to a state of co-infective immunity [2].

The “Llanero” Foothills region in the Meta department of Colombia is characterized
by high relative humidity, seasonal rainfall, and elevated temperatures. This ecological
niche accelerates the life cycles of macroparasites and hematophagous vectors [2]. De-
termining parasitic status through direct microscopy is fundamental for estimating local
prevalence, allowing for early detection to mitigate negative economic impacts and opti-
mize animal welfare, especially since these animals can be reservoirs of hemotropic agents
of parasitic origin due to asymptomatic infections [12]. Staining techniques are a funda-
mental analytical tool in microscopy for optimizing the contrast of blood smears. Among
these techniques, Wright’s stain, belonging to the Romanowsky group of dyes, stands
out. Wright’s stain is widely used for processing blood smears and observing them under
optical microscopes [13].

Despite the existence of the international literature on blood cell profiles and the
dynamics of hemotropic agents in sheep [9,14–16], in Colombia this type of approach is
scarce, especially those that simultaneously integrate parasite prevalence, physiological
behavior, hematological variables, and general health status. Particularly in the department
of Meta, information on hemotropic agents affecting sheep farms is limited, even though
these pathologies constitute one of the main causes of decreased productivity due to
deficiencies in traditional farm management.
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Blood profile analysis is widely used to determine health status and guide diagnosis
in domestic animal medicine [17], as the study of these variables reveals early systemic
abnormalities [15,18,19]. It is emphasized that these biological parameters are susceptible
to variations due to environmental, genetic, physiological, and pathological factors, such as
age and sex [15,19–22]. Reference ranges published in the standard literature often differ
from findings in local populations due to the collateral influence of breed, geographic area,
climate, seasonal management, and type of forage consumed, with each sheep biotype
exhibiting its own cellular characteristics [23,24].

Due to the scarcity of comprehensive studies in Colombia that simultaneously evaluate
the frequency of hemotropic agents and their association with local hematophysiological
variables in animals, this research is justified by the imperative need to generate baseline
epidemiological information. This will allow producers and health organizations to aban-
don empirical treatments and adopt zootechnical management decisions based on regional
scientific evidence. Given the constant exposure to vectors, epidemiological surveillance
of these agents is critically important within comprehensive health management, as some
of the agents are zoonotic. The significance of this research lies in generating updated
and region-specific data. This aim of descriptive cross-sectional study was to evaluate
the frequency of hemotropic agents and the physiological and hematological variations in
sheep from the Colombian Orinoquia.

2. Materials and Methods
2.1. Study Area

The study was structured using a descriptive, cross-sectional research design in the
“Llanero” Foothills region of the Meta department (Colombian Orinoquia), located between
04◦54′25′′ and 01◦36′52′′ N, and 71◦4′38′′ and 74◦53′57′′ W. The region has two climatic
seasons: the rainy season extends from April to November, and the dry season occurs
between December and March. Precipitation varies from 2000 to over 6000 mm per year.
The temperature in the Foothills region ranges between 24 and 31 ◦C, relative humidity is
greater than 60%, and the average altitude is 423 m [25].

2.2. Farms and Animals

A sample of 148 sheep located on different farms in the “Llanero” Foothills of the Meta
department was studied: Farm 1 (n = 18), Farm 2 (n = 3), Farm 3 (n = 13), Farm 4 (n = 31),
Farm 5 (n = 17), Farm 6 (n = 13), and Farm 7 (n = 53). The sample comprised 43 males (age
range 2 to 36 months) and 105 females (age range 2 to 48 months). The animals’ ages were
reported by the producers. Farm sampling was conducted using convenience sampling [26]
after a meeting with each producer. At each farm, the number of animals made available
by the producer at the time of the visit was sampled. The sheep population consisted of
Creole animals, classified based on their external phenotypic characteristics [27] (Figure 1),
as well as information provided by the producers.

The farms belong to small producers with low levels of technology, whose main activity
is raising, breeding, and fattening sheep. The farming system is extensive, typical of the
traditional management practices of the “Llanero” Foothills. Deworming is infrequent,
and ectoparasites—mainly ticks—were present on most farms, although the genus was
unknown (this variable was not included in the study and is recognized as a limitation).
Vector density and species identification were beyond the scope of this study. The farms
lack genealogical, production, and reproductive records. Data collection took place from
November 2025 to April 2026, coinciding with the dry season. The data were collected by
students who participated in field activities and laboratory analyses.
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Figure 1. Creole sheep from the “Llanero” Foothills, Colombia. Photography: La Vitrina Farm.

2.3. Blood Sample Collection

At the time of sample collection, a clinical examination was performed to determine
the general health status of each animal. The examination included body condition, mucous
membrane color, rectal temperature, heart rate, and respiratory rate. A blood sample was
drawn from each animal by venipuncture of the jugular vein, after disinfecting the area,
using 21G Vacutainer® (Franklin Lakes, NY, USA) multi-needles and 4 mL vacuum tubes
with anticoagulant (EDTA). The samples were stored in a polystyrene container and kept
at a temperature of 2 ◦C to 5 ◦C, following standard procedures [28]. The inclusion criteria
were animals older than 2 months that had not received antiparasitic treatment in the
last three months. Prior to sample collection, an open oral interview was conducted with
the farm owner to inform them about the project’s aim. The owners gave their informed
consent to participate in the study. Sampling activities were carried out in the morning
(8:00–11:00 a.m.).

2.4. Hematological Evaluation

Eight quantitative variables of the red blood cell, white blood cell, and platelet counts
were determined: hematocrit (%), hemoglobin (g/dL), total platelet count, and differen-
tial leukocyte counts (neutrophils, lymphocytes, monocytes, eosinophils, and basophils).
Hematological evaluation was performed at the Animalitos Veterinary Clinic Laboratory
using a GenVet VH-50® hematology analyzer (Shenzhen, China).

2.5. Parasitological Evaluation

For the diagnosis of hemotropic agents, the Wright-stained whole blood smear tech-
nique was used, following standard procedures [13,28]. Microscopic evaluation of the
smears was performed in duplicate and double-blind using a 100X oil immersion objective.
The identification of hemotropic agents was established by morphological characteristics
for Anaplasma spp., Trypanosoma spp. and Babesia spp., according to criteria established up
to the taxon Genus [29,30]. One hundred microscopic fields were analyzed.
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2.6. Mucosal Color Assessment

The FAMACHA® criteria were used to assess mucosal color: 1: red (non-anemic),
2: pale red (moderate anemia), 3: pink (intermediate anemia), 4: pale pink (severe anemia),
5: white (severe anemia) [31,32]. Although the FAMACHA® criteria are used to diagnose
Haemonchus contortus anemia, in this study they were used only to determine mucosal color.
Body condition was established according to the following reference criteria: 1–3: thin,
4–5: normal/ideal [33]. Age was grouped according to the following criteria: 2–7 months:
suckling/weaned lambs; 8–11 months: growing sheep; 12–24 months: adults; >24 months:
rams [31].

2.7. Statistical Analysis

Using the recorded variables, five classification criteria were established as po-
tential factors of variation: farm, sex, age, body condition score, and FAMACHA®.
Fourteen response variables were considered: heart rate (beats/minute), respiratory rate
(breaths/minute), and rectal temperature (◦C) as physiological variables; hematocrit (Hto,
%), Hemoglobin (Hb, g/dL), neutrophils (109/L), lymphocytes (109/L), monocytes (109/L),
eosinophils (109/L), basophils (109/L), and platelets (109/L) as hematological variables;
and the presence of Babesia, Anaplasma, and Trypanosoma as hemotropic variables. The
genus of Babesia, Anaplasma, and Trypanosoma were categorical variables, and the rest
were numerical.

Initially, the quantitative response variables were subjected to descriptive statistics,
while the categorical variables were subjected to frequency tables. Subsequently, the effect
of the classification criteria on the quantitative response variables was evaluated using a
mixed linear model that included the farm as a random effect to control for the intrinsic
variability of the microenvironment and the management of each farm.

The following model was used:

Yijklm = µ + Si + Aj + Ck + Fl + Zm + εijklm (1)

where

Yijklm = Response variables
µ = Overall mean of all observations
Si = Fixed effect of sex (i = male, female)
Aj = Fixed effect of age (j = 2–7 months, 8–11 months, 12–24 months, >24 months)
Ck = Fixed effect of body condition (k = 1–3, 4–5)
Fl = Fixed effect of FAMACHA® (l = 1, . . ., 4)
Zm = Random farm effect (m = F1, . . ., F7)
εijklm = Random error associated with all observations

Given the skewed distribution and extreme values of the neutrophil, lymphocyte,
monocyte, eosinophil, basophil, and platelet counts, the data were log10 transformed prior
to analysis to normalize the distribution of residuals [34]. The assumptions of normality
and residual heteroscedasticity were reviewed and adjusted as necessary. The Di Rienzo,
Guzmán, and Casanoves (DGC) test [35] was used to differentiate the means (p < 0.05). To
assess the relationship between the presence of hemotropic agents and the classification
criteria, the Chi-square test of independence was performed (χ2; p < 0.05). To facilitate
statistical testing and due to the low number of observations in some categories, certain
categorical variables were regrouped as follows: age (2–11, 12–24, and >24 months), farm
(1–5, 6, and 7), and FAMACHA® criteria (1, 2, and 3–4). All data were processed using the
free 2020 version of InfoStat software [35].
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3. Results
Table 1 presents the descriptive statistics of the physiological and hematological

variables analyzed.

Table 1. Descriptive statistics of criteria, physiological and hematological variables of Creole sheep in
the “Llanero” Foothills, Meta (Colombia) (n = 148).

Variable Mean SD Median Minimum Maximum Reference Values

Age (months) 17.47 9.25 16.00 2.00 48.00
Body condition 3.16 0.57 3.00 2.00 5.00 1–5 1

Heart rate 105.82 11.52 107.00 72.00 128.00 99.4–128.2 (b/m) 2

Respiratory rate 31.81 5.05 32.00 20.00 42.00 30–87 (br/m) 2

Rectal temperature 38.67 0.57 38.60 37.20 39.80 38.5–40 (◦C) 2

Hematocrit 29.24 5.86 29.15 10.30 43.60 20–39 (%) 3

Hemoglobin 10.20 1.77 10.20 4.60 14.70 6.3–13.2 (g/dL) 3

* Log10 Neutrophils 0.60 (3.98) 0.19 (1.55) 0.61 (4.07) 0.04 (1.10) 1.14 (13.80) 1.32–8.96 (109/L) 3

Log10 Lymphocytes 0.62 (4.17) 0.17 (1.48) 0.62 (4.17) 0.18 (1.51) 1.03 (10.72) 2.01–7.80 (109/L) 3

Log10 Monocytes −0.36 (0.44) 0.26 (1.82) −0.40 (0.40) −1.00 (0.10) 0.63 (4.27) 0.00–1.52 (109/L) 3

Log10 Eosinophils −0.15 (0.71) 0.34 (2.19) −0.13 (0.74) −1.00 (0.10) 0.78 (6.03) 0.00–1.08 (109/L) 3

Log10 Basophils −0.81 (0.15) 0.24 (1.74) −1.00 (0.10) −1.00 (0.10) −0.15 (0.71) 0.00–0.17 (109/L) 3

Log10 Platelets 2.53 (338.84) 0.29 (1.95) 2.61 (407.4) 1.81 (64.57) 3.68 (4786.3) 100–800 (109/L) 3

SD: standard deviation; * Values expressed in log10 are expressed as: logarithmic value (observed value). b/m:
beats/minute; br/m: breaths/minute; 1 Motossi et al., 2023 [33]; 2 Saldaña-Ríos et al., 2016 [36]; 3 GenVet VH-50®

Hematology Analyzer.

According to the linear models evaluated, sex was the only effect that influenced hema-
tocrit, hemoglobin, log10 eosinophil, and log10 platelet levels (p < 0.05). Females showed
higher hematocrit (30.5 vs. 28.0%), hemoglobin (10.5 vs. 9.8 g/dL), and eosinophil (0.66 vs.
0.52 × 109/L) values, while males had higher platelet values (467.7 vs. 323.6 × 109/L). The
other effects evaluated were not significant (p > 0.05).

Table 2 presents the frequency of anemia cases according to the FAMACHA® criteria.
It is observed that 22.30% of the evaluated sheep showed normal values according to
criteria 1 (non-anemic animals), and 47,92% showed moderate anemia. The remaining
29.7% suggest anemia levels ranging from intermediate to severe.

Table 2. Overall frequency of anemia according to FAMACHA® criteria in Creole sheep from the
“Llanero” Foothills, Meta (Colombia).

FAMACHA® Criteria n %

1 33 22.30
2 71 47.97
3 38 25.68
4 6 4.05

Total 148 100.00
n: number of animals according to FAMACHA® criteria. None were classified as 5.

Table 3 shows the frequency of hemotropic agents in the evaluated animals. A fre-
quency of 5.41% was found for Babesia spp. and Trypanosoma spp., while for Anaplasma spp.
the value was 52.03%.
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Table 3. Overall frequency of hemotropic agents in Creole sheep from the “Llanero” Foothills, Meta
(Colombia).

Class
Babesia spp. Anaplasma spp. Trypanosoma spp.

n % n % n %

Negative 140 94.59 71 47.97 140 94.59
Positive 8 5.41 77 52.03 8 5.41

Total 148 100.00 148 100.00 148 100.00
n: number of negative/positive animals.

The Chi-square (χ2) test revealed a statistically significant association between the
studied farms and the presence of Anaplasma spp. (p = 0.0001). FAMACHA® system signifi-
cantly influenced the presence of Babesia spp. (p = 0.0439), with a higher frequency observed
in criteria 2, and the presence of Anaplasma spp. (p = 0.0193), with a higher frequency in
criteria 3–4. Babesia spp., Anaplasma spp., and Trypanosoma spp. was independent of sex,
body condition, and age (p > 0.05) (Table 4).

Table 4. Frequency of hemotropic agents in Creole sheep on farms in the “Llanero” Foothills, Meta
(Colombia) (n = 148), according to classification criteria.

Classification Criteria Category n Babesia spp. Anaplasma spp. Trypanosoma spp.
n (+) RF (%) n (+) RF (%) n (+) RF (%)

Sex

Female 105 6 5.71 52 49.52 6 5.71
Male 43 2 4.65 25 58.14 2 4.65

Total/RF 148 8 5.41 77 52.03 8 5.41
χ2 = 0.09; p = 0.7630 χ2 = 0.59; p = 0.4414 χ2 = 0.09; p = 0.7630

Age (months)

2–11 40 1 2.50 21 52.50 5 12.50
12–24 69 3 4.35 33 47.83 2 2.90
>24 39 4 10.26 23 58.97 1 2.56

Total/RF 148 8 5.41 77 52.03 8 5.41
χ2 = 1.75; p = 0.4169 χ2 = 3.22; p = 0.1998 χ2 = 3.25; p = 0.1969

Body Condition 1

1–3 83 4 4.82 46 55.42 3 3.61
4–5 65 4 6.15 31 47.69 5 7.69

Total/RF 148 8 5.41 77 52.03 8 5.41
χ2 = 0.09; p = 0.7630 χ2 = 0.48; p = 0.4904 χ2 = 1.33; p = 0.2437

Farm

F1–F5 82 1 1.22 39 47.56 3 3.66
F6 13 2 15.38 8 61.54 3 23.08
F7 53 5 9.43 30 56.60 2 3.77

Total/RF 148 8 5.41 77 52.03 8 5.41
χ2 = 3.25; p = 0.1969 χ2 = 19.82; p = 0.0001 χ2 = 5.5; p = 0.1386

FAMACHA® 2
1 33 1 3.03 15 45.45 2 6.06
2 71 6 8.45 35 49.30 3 4.23

3–4 44 1 2.27 27 61.36 3 6.82

Total/RF 148 8 5.41 77 52.03 8 5.41
χ2 = 6.25; p = 0.0439 χ2 = 7.9; p = 0.0193 χ2 = 1.33; p = 0.5134

n: animals sampled; n (+): positive animals; RF: relative frequency; 1 1–3: thin, 4–5: normal, ideal; 2 1: red
(not-anemic), 2: pale red (moderate anemia), 3: pink (intermediate anemia), 4: pale pink (severe anemia).

4. Discussion
4.1. Hematophysiological Variations

The analysis of physiological and hematological variables provides substantial in-
formation on the health status of animals and is useful for assessing the evolution and
prognosis of a disease [16,20]. In the present study, hematological and physiological values
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are within the reference range for sheep. Only sex influenced hematological values, with
higher hematocrit, hemoglobin, and eosinophil levels in females, and higher platelet levels
in males.

These differences can be attributed to variations in physiological state, such as higher
hemoglobin and hematocrit in pregnant animals [18], although pregnancy status was not
reported in the present study. Hormonal responses and tissue composition also influence
physiological and hematological variations: for example, it has been shown that androgen
levels increase erythropoiesis [22,37,38]; which may be due to males having a more active
metabolism that induces greater oxygen transport, thereby increasing red blood cell produc-
tion [14,39], among other things. However, studies evaluating sex-related hematological
variations in sheep remain limited [40].

4.1.1. Effect of Sex on Hematocrit

Studies conducted on sheep of different breeds in Iraq found no significant differences
in hematocrit between sexes, nor in the hematological profiles studied, although females
exhibited higher values. However, hematological values remained within the normal
range for sheep [41]. In semi-arid areas of Algeria, no differences between sexes were
reported for hematocrit, hemoglobin, and platelets, although variations were observed
during sheep growth [15]. In dwarf sheep from West Africa, hematocrit values and red
blood cell count were found not to differ significantly between males and females [40]. In
the present study, hematocrit values were within the reference ranges, despite the high
frequency of Anaplasma spp. (52.03%, with a higher value in males). This finding differs
from that reported in recent studies, which indicate that sheep infected by Anaplasma spp.
usually present a significant decrease in hematocrit [42].

Other reports have shown sex differences in hematological values. In Nigeria, hemato-
logical indicators in sheep varied according to sex and age, with higher hematocrit values
observed in females [19]. In other contexts, such as in humans and mice, older males
have been reported to have increased hemoglobin and hematocrit levels, which may be
associated with greater muscle mass and the influence of the erythropoiesis-stimulating
hormone testosterone; however, this information is not universal [43,44]. The effect of
sex does not act independently on hematological values, but rather in association with
other factors such as age, nutritional and physiological status, health, and environmental
conditions, such as climate, altitude, and heat stress [22,45]. This may be the case regarding
the results observed in the present study, where the sheep are exposed to the heat stress
characteristic of the warm-temperate tropics in the foothills of Meta.

4.1.2. Sex and Hemoglobin Effect

Hemoglobin and hematocrit values can vary with sex; however, these differences are
not uniform across breeds. In general, a tendency toward higher values in males has been
described, influenced by genetic and environmental factors. This difference may decrease in
adult animals and is more pronounced in young animals [46,47]. Studies report that sheep
with anaplasmosis caused by A. ovis show significantly lower hemoglobin and hematocrit
levels compared to unaffected animals [48,49]. In our study, no significant interaction was
found between sex and the frequency of the three hemotropic agents studied.

Hematocrit and hemoglobin levels may indicate greater tissue oxygenation capacity
and hematopoietic regeneration, while increased basophils could be associated with a
more effective immune response. This suggests that productive longevity in sheep is
not a random trait, but may be biologically supported by specific hematological and
biochemical profiles. Therefore, these could be considered biomarkers of survival and
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tolerance associated with the efficiency, sustainability, and profitability of the production
system for native breeds [50].

4.1.3. Effect of Sex on Eosinophils and Platelets

Eosinophils and platelets are important components of the ovine blood count, and
their variation depends on physiological and environmental factors, with sex being one
of the most studied factors. In the case of eosinophils, the variation may be related to
a secondary response associated with immune activation, the presence of parasites, and
inflammatory and allergic processes, given their phagocytic capacity [51]. In the present
study, males showed higher platelet counts, which could be related to sex-related physio-
logical differences. Environmental, management, or nutritional variables may contribute
to this differentiation, suggesting a possible combined influence of environmental and
hormonal factors [52]. On the other hand, transient thrombocytosis can occur during
sampling, as a result of physical activity, which stimulates the secretion of epinephrine
and produces splenocontraction and, therefore, a mobilization of stored platelets into the
circulation [53].

Studies conducted on Barbary sheep report that sex did not influence platelet count,
indicating that variations may depend on management conditions, age, and breed [52].
Furthermore, platelet count was similar to that reported in other studies [14,54]. In Kashmiri
sheep, India, age and sex did not influence hematological parameters in apparently healthy
animals, indicating (in that study) that hematological values are considered relatively
independent of sex [21]. Similar results were reported for Iranian red sheep where no
significant changes in parameters were observed based on sex, although differences in
the biochemical profile were observed [23]. However, studies on the influence of sex on
platelets and eosinophils in sheep are limited [22].

In the current study, eosinophil levels remained within reference ranges despite the
high frequency of Anaplasma spp. observed. This finding is relevant, considering that the
frequency of this agent can induce alterations in hematological values [42]. It is highly likely
to find values within the normal range in cases of subclinical anaplasmosis in both small
and large ruminants. Studies conducted on Wonosobo sheep in Java found no significant
effects of sex on eosinophils, although the total count was higher in young and pregnant
ewes; no significant difference was found in hemoglobin or platelet count either [24]. In a
preliminary study conducted on sheep from Colombian farms, females were observed to
have higher eosinophil, hematocrit, and hemoglobin levels compared to males [55]. In any
case, eosinophil and platelet counts can be considered in future evaluations as potential
biomarkers of adaptive immune response.

It is important to highlight that geographic location, determined by climate and food
availability, can affect the hematological values of locally raised sheep [54]. Measuring
hematological values can provide objective information about an animal’s condition, reveal-
ing its nutritional status, diseases, or the stress it has been subjected to [56]. In one study,
lambs kept under individual housing conditions with shade showed higher hematocrit
concentrations (p < 0.05) but lower hemoglobin concentrations compared to ewes housed
without shade [57]. It is important to consider that the environmental effects of heat stress
can influence hematological parameters; therefore, it is essential to continue developing
future research.

The variation in red blood cell and platelet count linked exclusively to sex (where fe-
males showed higher hematocrit and hemoglobin, and males a higher platelet count) is due
to divergent endocrine and immunological profiles described in domestic ruminants [20].
What is truly relevant from a pathogenic perspective is the non-anemic status determined
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by FAMACHA®, even though this technique was developed to evaluate the intensity of
blood-sucking nematode infection in sheep.

4.2. FAMACHA® Assessment

The majority of sheep evaluated in the clinical examination using the FAMACHA®

technique with direct observation of conjunctival mucosal color indicate that they are
in good health [31]. The results for animals in good health can be explained by the low
frequency of Babesia spp. and Trypanosoma spp., and the cases of anemia found can be
attributed mainly to Anaplasma spp., which had a frequency of 52.03%. However, it is
important to highlight that the FAMACHA® method was designed for the field evaluation
of H. contortus infections [31]. It is also known that sheep can tolerate high parasite loads of
hemotropic agents without showing clinical signs or apparent anemia [58] and therefore
may have had mucous membranes of acceptable color. Furthermore, the assessment can
be influenced by the operator’s subjective interpretation and by external factors such as
ambient lighting. Natural light conditions, dust in the eyes or stress in the animal can alter
the tone of the conjunctival mucosa and cause errors in assessment [58,59].

This animal response likely indicates that the parasite load is not producing obvious
signs of anemia reflected in the color of the mucous membranes, which can be corroborated
by the mean hematocrit (29.24%) and hemoglobin (10.20 g/dL) values, which remain within
normal reference ranges. However, further analysis of the association with hematocrit,
hemoglobin, coproparasitology, or ectoparasite load is necessary, but this was not the aim of
the present study. The low frequency of anemic animals may be due to subclinical infection,
chronic carriers, low parasitemia, low smear sensitivity, or varying degrees of tolerance to
hemotropic agents.

4.3. Frequency of Hemotropic Agents
4.3.1. Frequency of Anaplasma spp.

Regarding the high frequency of Anaplasma spp. (52.03%), the lack of quantification of
parasitemia is recognized as a methodological limitation, since the mere presence of the
hemotropic agent is insufficient as the sole evaluation criterion. In A. ovis infections, hosts
in the chronic phase maintain low-level, fluctuating rickettsiemia; while immune-mediated
tolerance prevents severe anemia, these levels are sufficient to ensure the infection of
ticks and mechanical vectors. Quantifying intraerythrocytic load is essential for defining
actual thresholds of vector infectivity and assessing epidemiological risk in heterogeneous
livestock operations [8]. In the mixed livestock farming systems of the “Llanero” Foothills
(where sheep and cattle share pastures, water sources, and pens or paddocks) the absence
of clinical signs leads to the omission of treatment, thereby establishing small ruminants
as persistent subclinical reservoirs. It is imperative to determine the intraerythrocytic
parasite load to correlate it with the host’s clinical signs. Despite this high value, it would
correspond to a state of enzootic stability in the studied sheep population. This hypothesis
is supported by the fact that the other hematophysiological variables evaluated were within
normal ranges, consistent with low parasitemia in the infected animals. This assumption
agrees with the findings reported by other authors [2,7].

The results found in this study are similar to those reported for sheep in northern
Colombia, where the frequency of Anaplasma spp. was 73.7%, but with negative results
for Babesia spp. and Trypanosoma spp. [7]. In Nicaragua, the prevalence of Trypanosoma
spp. in Creole sheep reached 47% using Giemsa-stained blood smears, a higher value
than that obtained in the present study. Females were more affected than males [60].
More recent studies using molecular biology as a diagnostic method confirm the role of
hematophagous vectors as reservoirs for anaplasmosis. Therefore, it is important to analyze
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the hematological response in both cell lines, red blood cells (erythrocytes) and white
blood cells (leukocytes) [61]. Studies conducted on sheep in Iraq reported that Anaplasma
spp. was the most prevalent hemotropic agent (4%), and its prevalence was influenced
by environmental factors such as precipitation and relative humidity [4]; while in sheep
in Turkey, a prevalence of A. ovis of 16.05% was recorded [5]. The prevalence values of
Anaplasma described in both countries were lower than those observed in sheep from the
“Llanero” Foothills of Colombia.

Research conducted on sheep in China using molecular detection showed a prevalence
of Anaplasma spp. of 63.8% [62]; while in sheep in Colombia, the prevalence of Anaplasma
spp. was 73.7%, with higher values in lactating and pregnant females [7]. In our study, no
symptomatic animals were observed, which may indicate that the absence of clinical signs
in small ruminants suggests a subclinical carrier state, which could act as a reservoir for
Anaplasma spp. The frequency of Anaplasma spp. is consistent with the classic epidemiology
of the tropical “Llanero” regions [2]. A. ovis has been determined to be an intraerythrocytic
Rickettsia of low primary virulence in adapted Creole sheep [3,9], which explains why,
despite its high frequency (52.03%), the animals maintained hematological parameters
within the reference ranges.

4.3.2. Frequency of Babesia spp. and Trypanosoma spp.

The frequency of Babesia spp. and Trypanosoma spp. was similar in the sheep stud-
ied (5.41%). In Nigeria, the prevalence of Babesia spp. in the sheep population shows
marked geographical fluctuation. In the southwestern region, 12% positivity for B. ovis
was recorded, while in Ibadan, 1.9% was reported [63]. In northern Nigeria, the prevalence
rates of Babesia spp. remain low (0.97% in Kano; 1% in Bauchi; 3.1% in Nasarawa) [64] and
1% in Borno [65]. In Egypt, microscopic examination determined an overall prevalence of
44% for hemotropic in the analyzed sheep population. When broken down by sex, Theileria
spp. was the most frequent with 30% positivity, followed by Babesia spp. with 14% [66].
The previous results contrast with those recorded in the present study, where the frequency
of Babesia spp. was 5.41%. Although the presence of ticks was evident, their taxonomic
identification was not considered in the aim of this research.

Other studies mention that restricting grazing in young animals tends to reduce
contact with vectors that transmit the disease and that young animals are less prone to
Babesia spp. infections [67]. A critical limitation of these historical studies lies in their
exclusive dependence on direct microscopic evaluation, a methodology whose diagnostic
sensitivity is limited for the accurate morphological identification of Babesia, frequently
omitting chronic carriers.

The absence of trypomastigote forms of T. vivax in the analyzed blood smears contrasts
with what has been reported in Venezuela, where active infections of 4.35% were indicated
using low-sensitivity parasitological methods [68]. These small ruminants could harbor
not only T. vivax but also other trypanosome species, which could be a significant cause of
reduced productivity. Furthermore, sheep could act as a reservoir and source of infection
for other animals in production systems [68]. In another study, the positivity rate for T.
vivax was higher in lambs (33.3%), males (15%), and mosaic animals (undefined crosses)
(50%), compared to adults (7.3%), females (12.1%), and West African crossbreeds (13.4%).
Conversely, no positive reactors were recorded in the Barbados Black Belly, Persian Black
Head, Bergamasca (pure and crossbred) or Dorset breeds; which confirms an active and
selective circulation of the hemotropic agent at the end of the dry season in the region,
highlighting that in these farms sheep lived with bovines [69].

Through serological tests using the Indirect Immunofluorescence technique, a general
seroprevalence of T. vivax of 12.7% was reported in sheep from livestock farms in Venezuela,
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evaluated at the end of the dry season (March-April). The greatest agroecological distri-
bution of the infection was observed in the Tropical Dry Forest Zone and in mountainous
regions with semi-arid and sub-humid climates, where seroprevalence reached 100%. No
evidence of the hemotropic agent was observed in mountainous areas with sub-humid to
humid climatic conditions [69]. The results demonstrated a high seroprevalence of T. vivax
in sheep, even during the dry season, on these farms in the central states of Venezuela, with
a typical agroecological distribution.

Several field studies have demonstrated the trypanotolerant nature of biotypes of
native African sheep, such as the Djallonké and Red Maasai breeds, and of indigenous
goats, such as the West African Dwarf Goat and the East African Small Goat. The available
evidence suggests that this physiological phenomenon is based primarily on resilience
mechanisms (i.e., the ability to maintain productive and hematological indices despite
parasitemia) rather than on absolute immunological resistance to the establishment of the
parasite [9,12,70].

It is important to note that, in the present study, it was not possible to differentiate
between the species T. vivax and T. evansi, as neither morphometric nor structural charac-
terization analyses of the observed parasitic forms were performed. Therefore, taxonomic
identification was restricted to the Genus level of Trypanosoma spp. Furthermore, the lim-
ited diagnostic sensitivity of direct parasitological methods using whole blood smears
when applied to animals in the chronic phase of the disease is a significant drawback [12].
Therefore, concentration methods, such as the Woo technique (capable of identifying the
Trypanosoma species present based on its motility) and the Buffy coat stain, are required to
increase the sensitivity of conventional direct methods [71].

Under this epidemiological scenario, it is very likely that the sheep overcame the acute
phase through spontaneous clinical recovery, transitioning to a chronic and asymptomatic
state. However, despite the low circulating parasite load, these individuals persist as key
reservoirs and latent sources of infection for other ruminants on the farm [72]. It is worth
remembering that the peripheral blood smear offers an optimal sensitivity window almost
exclusively during the initial stages of infection (acute phase), when the host experiences
high parasitemia peaks that are easily detectable under a microscope [73].

Iatrogenic transmission should be considered among the modes of transmission of
hemotropic agents, especially in infections caused by Anaplasma spp. and Trypanosoma spp.,
since for Babesia spp. the transmission route involves biological vectors (ticks). Because
small ruminants can act as reservoirs for A. marginale, it is important to identify these
animals in mixed production units where cattle, sheep, and goats are raised, as well as
to specify the particular hemotropic agent in order to activate effective epizootiological
surveillance [74].

4.4. Interaction Between Age and Frequency of Hemotropic Agents

Age did not show a significant interaction with the frequency of hemotropic agents (p
> 0.05); however, a higher frequency of Trypanosoma spp. was observed in sheep aged 2–11
months, Anaplasma spp., and Babesia spp in sheep older than 24 months. This interaction
reflects a process of cumulative exposure over time or differential susceptibility, where adult
animals chronically exposed to horseflies and biting flies while grazing maintain fluctuating
parasitemia without exhibiting the classic acute syndrome of bovine trypanosomiasis.
Although the frequency of Anaplasma spp. was high (52.03%), the animals did not present
evident signs of clinical hemotropic disease, which in sheep is more frequently the chronic
form [58,75], as has also been described in cattle in areas of enzootic stability [2,7]. In
the Neotropical region, where lambs exhibited higher reactivity to T. vivax than adults,
serological methods confirm that the loss of maternal protection and early exposure render
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the youngest age group the most vulnerable to active infections; however, it has been
shown that this difference is not significant statistically [69].

Several studies have shown that age is a determining factor in the prevalence of
hemotropic agents. Reports from Africa in small ruminants indicated that young animals
had a lower prevalence than adult animals (p < 0.05) and that the frequency was higher in
females than in males [76]. In a research of 14 farms in two municipalities in the Sisaleira
region of Bahia (Brazil), trypomastigote forms of trypanosomes were not observed in blood
smears; however, the specific molecular analysis of TviCatL detected 7.4% positive for T.
vivax in the sampled sheep; this technique allowed for greater sensitivity in the diagnosis
of T. vivax [77]. When analyzing intrinsic factors in a study of sheep in Egypt, age did not
influence the dynamics of hemotropic prevalence, remaining without significant differences
between young (50%) and adult (38.5%) animals (p = 0.246). In contrast, sex did show a
significant variation: males demonstrated greater susceptibility to both pathogens, reaching
63.3% positivity compared to 35.7% recorded in females (p = 0.011) [66].

Similar results were reported in sheep and goats from the coastal region of Egypt,
where certain factors were observed to have differential effects on infection in the sheep
evaluated. Microscopic examination of Giemsa-stained blood smears revealed that 73% of
the samples (from sheep and goats) were infected with at least one of the three hemotropic
species studied. The only factor significantly associated with the prevalence of hemotropics
was the sex of the animal (49.4% of infected females) compared to only 19% of males
(p = 0.013) [78]. This finding of a higher frequency of hemotropics in females is consistent
with the literature and can be explained by the possible immunosuppression associated
with physiological stress factors such as gestation and lactation, conditions that males do
not experience [79].

4.5. Interaction Between Farm and Frequency of Hemotropic Agents

The present study revealed a significant interaction between farms and the frequency
of Anaplasma spp (p < 0.05), with a frequency exceeding 47%. This suggests that manage-
ment and environmental conditions influence the presence of the disease; for example,
flooding, temperature, humidity, among other factors common in the “Llanero” Foothills.
It could also be assumed that the variation between farms may be due to an imbalance in
the number of animals per farm. Several studies report that prevalence interactions can be
due to the movement of animals and vectors between geographic areas [12], environmental
conditions, and differences in management practices [80].

Statistical interaction reveals the predominance of extrinsic factors in the pathogenesis
of these hemotropic vectors. The “Llanero” Foothills are suffering a significant environ-
mental impact from climate change, deforestation, and the establishment of pastures that
homogenize the landscape. Each farm manages its own specific stocking rates, chemical
control of ectoparasites, and tree shade; these management differences could explain the
uneven distribution of biotic frequency observed among farms. Alterations in farm micro-
climates can modify the density and distribution of vectors such as the tick Rhipicephalus
microplus and hematophagous dipterans of the genera Tabanus and Stomoxys [6].

In the present study, no significant interaction was found between sex and the fre-
quency of the three hemotropic agents (p > 0.05). It was observed that the frequency of
Babesia spp. and Trypanosoma spp. was higher in females, while Anaplasma spp. predomi-
nated in males. However, in Iraq, a general prevalence of 66.19% was reported, showing a
significant influence of sex with a higher value in females [42]; as well as in female sheep
from the northern coastal region of Egypt (42.10%) [78]. Several studies have reported
that sex does not always exert a significant influence on the prevalence of hemotropic
agents; however, other studies have identified a significant association, in some cases
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with a greater tendency in males. The prevalence of hemotropic agents can vary widely
depending on environmental factors (e.g., climate), management practices, exposure to
vectors, nutritional status, and the animal’s immune condition, among others [4,7].

Body condition score did not show a significant interaction with any hemotropic
agent, whereas the Famacha® criteria showed an interaction with the frequency of the
Babesia spp. (p = 0.0439) and Anaplasma spp. (p = 0.0193). However, some studies have
reported that animals in high body condition had lower infection rates (38.6%) than weak
and thin animals (53.3%) [78]. The same authors reported that pale mucous membranes
were associated with an infection rate of 68.2%, normal mucous membranes with 56.2%,
and congested mucous membranes with 52.2%; while 50% of febrile animals were infected
compared to 42.2% of those with normal temperature, with no evidence of statistically
significant differences [78]. These results are consistent with the findings obtained in the
present study.

The differences observed in the frequencies of hemotropic agents can be partly at-
tributed to the diagnostic techniques used. Whole blood smears are direct methods with
low sensitivity, which decreases in chronic or subclinical cases. Blood smears stained with
the rapid panoptic method are effective for diagnosis in the initial stages, when there is a
high level of parasites in the blood. Therefore, it is essential to include parasitemia testing
to assess the status and extent of the hemotropic infection [9].

In general, the studied sheep population showed the presence of hemotropic agents
(Babesia spp., Anaplasma spp., and Trypanosoma spp.) with hematological indicators within
reference ranges, which may indicate adaptation to or resistance to their environment.
The results demonstrate that Creole sheep, despite their resilience, can be asymptomatic
carriers or subclinical reservoirs of hemotropic agents, as well as other parasitic species.
Because they do not exhibit evident clinical symptoms, producers often omit treatment,
turning sheep flocks into persistent reservoirs of infection for mechanical and biologi-
cal vectors present in mixed farming operations in the Orinoquia region. Consequently,
the regional epidemiological risk increases, making monitoring and control essential to
maintain enzootic stability and as a comprehensive biosecurity measure. For the variables
body temperature and body condition, the animals were within the values considered
normal, therefore, according to the results, it would be possible to analyze patients infected
subclinically, without presenting evident signs.

The “One Health” approach in the “Llanero” Foothills lies in the integration of ani-
mal health, environmental monitoring, and the protection of rural livelihoods to achieve
genuine productive stability. Animal health management cannot be isolated from the envi-
ronment. Extrinsic factors such as climate change, vector load, and the specific management
conditions of each farm are critical determinants that regulate the risk of infection. By
addressing these interconnections holistically, food security and the economic sustainability
of small-scale sheep producers are strengthened, transforming epidemiological surveillance
into an essential pillar for the conservation of genetic diversity and the balance of tropical
ecosystems [28]. This study demonstrates that Creole sheep, thanks to their resilience and
evolutionary adaptation, can act as subclinical reservoirs of hemotropic agents, represent-
ing a potential epidemiological risk of silent transmission to other economically important
species in mixed production systems.

A limitation of this study is the uneven size of animal groups across farms and
the fact that sampling only look place during one season. The marked imbalance in
sample size and age distribution, along with the low number of positive animals for each
hemotropic agent, may have affected the statistical power of the mixed model and the
chi-square tests of independence. Nevertheless, these results are of interest for the “Llanero”
Foothills, where no health studies on sheep have been conducted. Therefore, future research
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should include a larger number of animals and cover both seasons. Another limitation
is the limited number of ticks and other vectors, such as biting flies, on the animals. It
is recommended that future studies include parasitological blood tests, corroborated by
more sensitive microscopy techniques, for the taxonomic identification of hemotropic agent
species. Similarly, molecular biology studies are recommended to improve the specificity
and sensitivity of identifying etiological agents and to correlate these findings with other
blood chemistry analyses. Coprological examinations are required to assess the presence of
gastrointestinal parasites. Furthermore, it is necessary to compare hematological values
with those of other sheep breeds to determine if the differences are due to physiological
and health status, breed-related factors, or nutritional deficiencies.

This research is fundamental because it not only establishes an epidemiological base-
line for a species often overlooked in hemotropic studies, but also highlights the resilience
and adaptation of Creole sheep. Understanding how these animals achieve a state of
enzootic stability is key to developing more sustainable production systems that are less
dependent on chemical treatments in the tropics, thus contributing to food security and
rural sustainability in the “Llanero” Foothills, connecting basic science with social impact.
Protecting Creole sheep through proactive surveillance not only ensures food security,
but also preserves a genetic reservoir of hardiness that is essential in the face of future
global climate change scenarios. Farm management practices and vector load can modulate
the risk associated with hemotropic agents, and a pattern of susceptibility or increased
exposure linked to animal maturity is observed.

5. Conclusions
In the sheep population evaluated in the “Llanero” Foothills of Meta, the Genus

Anaplasma spp. was established as the predominant hemotropic agent. An influence of
production units on the frequency of hemotropic agents observed by microscopy was noted,
confirming that the microenvironment and technical management regulate the vector-
host contact rate. Sex acted as the main intrinsic determinant of variation in hematocrit,
hemoglobin, eosinophil, and platelet levels, although these fluctuations remained within the
physiological limits of the species. These findings, combined with reference criteria of the
FAMACHA® conjunctival mucosa indicator as non-anemic, demonstrate the remarkable
clinical and hematological resilience of the regional Creole sheep to hemotropic agents,
consolidating a scenario compatible with a state of enzootic stability.
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