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Wild boars (Sus scrofa) are wild mammals widely distributed across vari-
ous regions worldwide, including Southeast Asia and Indonesia. These ani-
mals are well known for their adaptability to various environmental condi-
tions, ranging from tropical rainforests and grasslands to mountainous areas.
These animals are well known for their adaptability to diverse environmental
conditions, ranging from tropical rainforests and grasslands to mountainous
regions. In Indonesia, the wild boar population is spread across several large
and small islands, one of which is Timor Island, playing an important role in
the ecosystem but has the potential to act as an intermediary for diseases
(Rekiel et al. 2024). The diverse lifestyle of wild boars, along with suboptimal
biosecurity measures, positions this species as a significant reservoir for the
transmission of diseases, particularly those that can spread to domestic ani-
mals and humans.

Timor Island has unique ecosystem characteristics, featuring a domi-
nance of tropical dry forests, savannas, and coastal areas (BPS NTT 2023).
These environmental conditions indirectly influence the physiological and
biological adaptations of various fauna inhabiting the island, including wild
boars. To date, there is no scientific data on the health conditions and hema-
tological profile of wild boars on Timor Island. Hematological information is
important as a fundamental parameter in assessing the health status of wild-
life populations, both for conservation purposes and as a basis for anticipating
potential zoonoses that may arise from interactions between humans, domes-
tic animals, and wildlife.

The hematological profile is one of the important indicators in animal
health studies as it reflects the physiological and pathological conditions of
individuals or populations (JeZek et al. 2018). Parameters such as the number
of white blood cells (WBC), red blood cells (RBC), hemoglobin concentration
(Hb), packed cell volume (PCV), and differential white blood cell counts are
often used to detect infections, anaemia, physiological stress, and other health
diseases (Thorn et al. 2022). In wild animals, the hematological profile can
also provide an overview of adaptation to the environment, including re-
sponses to food availability, habitat quality, and the presence of other envi-
ronmental stress factors (Sumarto et al. 2016; Kophamel et al. 2022).

Various studies have been conducted to describe the hematological pro-
file of several wild mammal species, including wild boars from different re-
gions of the world (Harapin et al. 2003; De et al. 2013; Kobeza 2014; Casas-
Diaz et al. 2015). Variations in hematological values between populations are
often observed and influenced by various factors, such as genetic factors, sex,
age, nutritional quality, health status, activity levels, and stress levels of ani-
mals, as well as environmental, seasonal, and geographical conditions (Siegel
et al. 2020; Eljarah & Ismail 2023; Lazar et al. 2025). Therefore, it is im-
portant to have specific data from each local population as a basic reference
for assessing the health and management of wildlife populations in a given
area.

Timor Island, with its unique geographical and ecological conditions,
has the potential to influence the hematological profile of wild boars living in
this area. Additionally, the high level of human activity in this area, including
hunting and land conversion, can be an additional stress factor that indirectly
affects the physiological condition of wildlife. Therefore, examining the hema-
tological profile of wild boars on Timor Island is important not only from an
academic and scientific perspective but also in supporting wildlife conserva-
tion and management efforts in the area (Becker et al. 2019; Vilela et al. 2020;
BPS NTT 2023).

Based on the above description, this study aims to provide an initial
overview of the hematological profile of wild boars (Sus scrofa) on Timor Is-
land. As the first report, these results are expected to serve as an important
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reference for the development of wildlife health studies in Indonesia, particu-
larly in the East Nusa Tenggara region. Additionally, the data obtained is an-
ticipated to form the basis for supporting conservation programs, managing
populations, and acting as an initial step in mitigating the risk of disease
transmission from wildlife to domestic livestock on Timor Island.

This study is expected to enhance the awareness of communities and
stakeholders in the fields of environment, forestry, and animal health regard-
ing the importance of monitoring wildlife health, particularly that of wild
boars, which play crucial role in the local ecosystem. Additionally, this study
aims to inspire a comprehensive follow-up investigation to support biodiversi-
ty conservation in eastern Indonesia.

In this study, all procedures were approved by the Animal Care and Use
Committee, Universitas Airlangga, Indonesia (approval No.
1.KEH.087.06.2024). Blood samples were obtained from 10 apparently
healthy wild boars (5 males and 5 females) in Tuakau Village, West Fatuleu
District, Kupang Regency, East Nusa Tenggara, during the rainy season
(November—December 2024). Tuakau Village was selected because it repre-
sents a typical natural habitat where wild boars are commonly found and pro-
vides feasible access for field sampling. The animals were estimated to be 3-5
years old based on tooth eruption and wear patterns, following standard mor-
phological criteria (Mayer 2002), and the assessment was performed by a
trained veterinarian. The animals weighed approximately 15-30 kg. Given
the small sample size (n = 10), the findings of this study should be interpreted
with caution as they may not fully represent the broader wild boar popula-
tion.

The wild boars were captured in forested areas using snares made from
polyester rope. After capture, restraint was achieved by looping the rope
around the hind legs, forelegs, or across the chest. The rope was gradually
tightened to secure the animal and minimize injury. One handler guided the
boar toward a holding pen while another used a restraint board or similar
tool to limit movement during clinical examination and sample collection.

Health status was assessed by observing for signs of stress or aggres-
sion, checking body temperature, palpating for wounds or abnormalities, and
examining the skin, fur, and presence of ectoparasites. Only animals with no
apparent clinical signs were included in the study.

Blood was collected aseptically from the jugular vein using a 8 mL sy-
ringe after occlusion and disinfection with alcohol-soaked cotton. Sampling
was performed without sedation, and blood collection was completed within
approximately 5—10 minutes following capture. The samples were transferred
into EDTA tubes and immediately stored in a cool box at approximately 4 °C,
then transported to the laboratory for analysis.

Hematological examinations were carried out using an automated he-
matology analyser (Mindray BC-2800Vet). Parameters measured included red
blood cell count (RBC), hemoglobin concentration (Hb), packed cell volume
(PCV), and erythrocyte indices—mean corpuscular volume (MCV), mean cor-
puscular hemoglobin (MCH), and mean corpuscular hemoglobin concentra-
tion (MCHC). These indices represent the average size of red blood cells and
the hemoglobin content or concentration within them. Total white blood cell
(WBC) count and differential leukocyte counts (Ilymphocytes, neutrophils, eo-
sinophils, monocytes, and basophils) were also determined. The neutrophil-to
-lymphocyte (N/L) ratio was calculated by dividing the number of neutro-
phils by lymphocytes.

All hematological measurements were tabulated and presented as means
with standard deviation (SD) and range (minimum-maximum) using Mi-
crosoft Excel (version 12.0, Microsoft® Excel® 2007), then compared with
the physiological values of domestic pigs and data from studies on other wild
boar populations across various regions.
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The hematological profile of wild boars from the Timor Islands is presented
in Table 1. The results obtained from this study were compared with the rec-
ommended normal hematological values of domestic pigs and data from stud-
ies on other wild boar populations across various regions. Based on the exam-
ination results, wild boars were generally in good health, although they had
ectoparasites and minor injuries observed on the legs. The body temperature
was within the normal range of 389.2 to 39.7 °C, showing no signs of serious
infection or metabolic disease, with minor injuries attributed to mechanical
stress. The results showed variations in several hematological parameters,
including the number of leukocytes, the percentage of neutrophils, lympho-
cytes, and eosinophils, as well as the values of erythrocytes, hemoglobin, and
PCV.

White blood cells are the primary indicator of the body’s immune re-

Table 1. Hematological Profile of Wild Boars from the Timor Islands Compared with Other Wild Boars and Ref-

erence Values.

Wild Boar  VAd Boar i Boar  Wild Boar .
Timor Is- (Slsak— (Andaman (Northeaster Wﬂd Boar Reference
( land Moslavina d Nicob Spain ¥ * (Ukraine)**** Values** ¥k
Parameters aE s) County)* an lco*ir nop a_m) (n=10) anes
(n=10) (n = 23) Islands) (n=89) Mean + SD Mean
Mean + SD Mean + SD (n=23) Mean + SD (Min —T\/Iax) (Min - Max)
(Min — Max) N Mean + SD (Min - Max)
(Min - Max)
Leukocytes/ 5.43 + 6.21 9.79 + 4.27 85.12 £ 2.05 - 4.99 + 0.89 16 (11 - 22)
WBC (x 108 (1-14.5) (6.0 - 20.85) (4.60 - 6.00)
uL)
Neutrophils ~ 74.75 + 11.18 - 4.80 + 0.72 7.81 + 3.40 - 37 (28 - 47)
(%) (60 — 86) (1.94 - 15.43)
Lymphocytes  18.00 + 10.13  0.441 £ 0.099  62.80 £ 0.86  83.46 £ 1.47  54.15 £ 4.67 53 (39 - 62)
(%) (11— 383) (0.25 - 0.58) (1.28 - 7.27) (48.70 -
63.00)
Monocytes 4.75 £ 2.63 - 8.37 £ 0.15 0.87 £ 0.19 27.5 + 1.33 5(2 - 10)
(%) (1-7) (0.12 - 1.08) (25.00 -
29.80)
Eosinophils 1.75+2.06  0.084 £0.036 21.837+1.07  0.17 £0.29 - 3.5 (0.5-11)
(%) (0—4) (0.00-0.11) (0.00 - 1.71)
Basophils (%)  0.50 + 0.58 - 0.70 £ 0.10 0.05 £ 0.07 - 0.5 (0-2)
(0-1) (0.00 - 0.88)
Erythro- 9.70 £ 0.54 8.00 + 0.68 9.72 £ 0.17 6.50 £ 0.55 4.5 +0.11 6.5 (5-8)
cytes /RBC (8.9 —10) (6.87 - 9.03) (56.36 -7.64)  (4.82 - 4.72)
(X108 pL-)
Haemoglo- 1675 £ 1.25 1566+ 1.73  17.27+0.85  14.02 + 1.52 - 13 (10-16)
bin/Hb (g dL-  (15-17.7) (12.83 - 18.3) (10.9 - 15.7)
1
)
PCV (%) 52.55 £ 1.50 60.98 * 4.20 61.3 £ 0.56 36 + 4 - 42 (32 - 50)
(50.3 - 53.4) (55.4 - 69.4) (SO - 51)
MCV (fL) 53.30 = 0.08 77.5+5.13 63.1 £ 0.8 57.82 + 3.58 54+ 2.26 60 (50 - 68)
(53.2 - 53.4) (70 - 86) (51.30 - (449.00 -
66.60) 58.00)
MCH (pg) 17.15 £ 0.39 - 17771017 21,18+ 1.32  17.34 % 1.46 19 (17 - 21)
(17-17.6) (18.10 - (14.00 -
22.90) 19.00)
MCHC (gdL-  381.6 £ 1.92 - 28.17+0.33 3471 £1.18  31.36 = 2.28 32 (30 - 34)
1) (29 - 33) (32.20 - (27.00 - 33.44)
87.00)
N/L Ratio 4.15 £ 2.45 - 0.07 2.26 - -

Notes: * Harapin et al. 2003; ** De et al. 2013; *** Casas-Diaz et al. 2015; **** Kobeza 2014 ***** Thorn et al.
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sponse to infection or physiological stress. The leukocyte levels of wild boars
trom Timor Island were 5.43 + 6.21 x10% pL.*, which is lower than the normal
reference value of 16 x10° uLi'. The large standard deviation in WBC values
indicates substantial inter-individual variation, which may reflect physiologi-
cal differences, subclinical infections, or varying stress responses among indi-
viduals (JeZek et al. 2018). These findings could hypothetically indicate re-
duced immune activity or stress-related responses; however, such an interpre-
tation should be made with cautiously, as hematological variations may also
arise from subclinical infection, hydration status, or the timing of blood sam-
pling. Similar findings were reported by Harapin et al. (2003) and Kobeza
(2014), who observed low leukocyte levels in wild boar species in Croatia and
Ukraine. In contrast, De et al. (2013) reported higher leukocyte levels in Indi-
an wild boars. This suggests that variations in hematological values are likely
influenced by environmental conditions, specific stressors, local adaptation,
and the physiological and health status of the animal (JeZek et al. 2018). Addi-
tionally, exposure to heat stress in pigs can trigger significant changes in leu-
kocyte counts (Rudolph et al. 2024).

White blood cells are essential components of blood, playing a crucial
role in the body's defence system at both the cellular and humoral levels. Leu-
kocytes circulate to the site of infection and trigger an inflammatory response
as a defence mechanism against foreign agents entering the body (Sun et al.
2021). However, low leukocyte counts can show pathological conditions such
as viral infections, circulatory shock, acute inflammation, cytotoxic substanc-
es, bone marrow diseases, nutritional deficiencies, or even chronic stress
(Roland et al. 2014; Pascutti et al. 2016).

Differential leukocyte counts in wild boars from Timor Island showed
that the percentage of neutrophils was 74.75 + 11.18 %, significantly higher
than normal values. In contrast, the percentages of lymphocytes and eosino-
phils were lower than normal, recorded at 18.00 & 10.18 % and 1.75 + 2.06 %,
respectively. This imbalance in leukocyte components is an important indica-
tor of physiological stress in animals. According to Roland et al. (2014), a
stress leukogram is characterised by neutrophilia, lymphocytopenia, eosin-
openia, and sometimes monocytosis, and this condition is triggered by expo-
sure to endogenous or exogenous corticosteroids.

The most common causes of neutrophilia are stress and inflammation,
and inflammatory neutrophilia is observed in viral, bacterial, protozoal, para-
sitic, and fungal infections (Thrall et al. 2022). Additionally, neutrophilia oc-
curs in non-infectious inflammations such as traumatic injury, necrosis, in-
farction, burns, thrombosis, neoplasia, poisoning, endocrine diseases, bleed-
ing, and hemolysis (Carter 2018; Thrall et al. 2022). Subsequently, the causes
of lymphocytopenia include acute stress, viral or bacterial infections, immune
suppression, chronic renal failure, and corticosteroid use (Roland et al. 2014).
Eosinopenia can occur during the early stages of infectious diseases, uremia,
or acute hemolysis (Santos et al. 2025). In contrast, eosinophilia is more typi-
cally associated with parasitic infections or allergic responses (Huang & Ap-
pleton 2016; Barinberg et al. 2025).

An increase in the neutrophil-to-lymphocyte ratio (N/L) is a hemato-
logical indicator commonly used to assess stress responses in animals. The
neutrophil-to-lymphocyte ratio (4.15) observed in this study may suggest
physiological stress, although no species-specific threshold has been estab-
lished for pigs. Previous studies in other species, such as goats and cattle,
have proposed that an N/L ratio exceeding 1.5 can indicate stress-related re-
sponses (Kannan et al. 2000; Carrasco-Garcia et al. 2020). This elevation in
the N/L ratio is associated with cortisol release during stress. When animals
undergo physiological stress, whether caused by human manipulation, envi-
ronmental changes, or transportation, the endocrine system responds by acti-
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vating the hypothalamic-pituitary-adrenal (HPA) axis, leading to an increased
secretion of glucocorticoid hormones, specifically cortisol. Subsequently, cor-
tisol plays a crucial role in modifying the immune system, one of which is by
stimulating the release of neutrophils from the bone marrow into the blood-
stream and prolonging the lifespan of neutrophils by inhibiting apoptosis
(Wessely-Szponder et al. 2018). Meanwhile, cortisol also causes the redistri-
bution of lymphocytes from the bloodstream to peripheral tissues and lym-
phoid organs. This phenomenon involves increased lymphocyte adhesion to
blood vessel endothelium, migration to tissues, and retention in lymphoid or-
gans, typically resulting in decreased lymphocyte counts in peripheral blood
(Otani et al. 2022). Consequently, there is an increase in the N/L ratio, re-
tlecting physiological stress in animals.

This phenomenon has been shown in various animal species, including
domestic pigs, which are often used as reference models for interpreting he-
matological responses due to their close physiological similarity to wild boars.
Reference ranges in domestic pigs are well established from large standard-
ized populations, whereas data for wild boars remain limited and variable
among regions, making domestic pigs a useful comparative reference species
in this study. Sutherland et al. (2016) showed that transportation treatment in
pigs can cause an increase in cortisol levels and the N/L ratio in a short time.
A high N/L ratio not only reflects acute stress but can also be an indicator of
chronic stress because glucocorticoids work systemically and can suppress the
adaptive immune system in the long term. Other studies also support that
stress due to environmental factors or handling procedures can trigger signif-
icant changes in the N/L ratio, making this parameter very useful for moni-
toring animal welfare and detecting acute and chronic stress conditions
(Carvalho et al. 2020).

Assessing the N/L ratio is also very important in wild or semi-wild ani-
mals such as wild boars, which tend to be more sensitive to external stressors.
In the context of conservation and wildlife physiology studies, an increase in
this ratio can indicate short-term effects of capture, translocation, or habitat
change. Therefore, the N/L ratio is relevant not only for livestock but also
for evaluating the health and welfare status of wildlife, which is difficult to
monitor continuously in nature. Meanwhile, monocyte and basophil levels
remained within the normal range and showed no significant deviations, indi-
cating the absence of ongoing systemic parasitic infection or active allergic
disease (Thrall et al. 2022).

The concentration of erythrocytes from wild boars on Timor Island was
9.70 + 0.54 x10¢ uL-', which is higher than the normal value of 6.5 x106 pL-".
Hemoglobin and PCV levels also increased, while MCV, MCH, and MCHC
values were within the normal range. These results are similar to the results
of studies by Harapin et al. (2003) and De et al. (2013), which also reported
high erythrocyte, hemoglobin, and PCV values in wild boars. However, Ko-
beza (2014) reported the opposite, where erythrocyte values in wild boar spe-
cies in Ukraine were lower.

Erythrocytes are one of the cellular components of blood that bind he-
moglobin and serve as oxygen carriers (Aspinall & Cappello 2015). The high
concentration of erythrocytes in wild boars from Timor Island suggests the
possibility of hemoconcentration due to mild dehydration or increased oxygen
demand. High hemoglobin values show a greater oxygen-binding capacity,
while increased PCV reflects a high relative volume of red blood cells in the
blood. This is in line with Randolph et al. (2022), stating that increased levels
of erythrocytes, hemoglobin, and PCV can result from dehydration caused by
insufficient fluid intake or stress, leading to relative polycythemia. Relative
polycythemia is triggered by a decrease in plasma volume in dehydrated indi-
viduals or by splenic contraction. Previous studies by Casas-Diaz et al. (2015)
and Giildenpfennig et al. (2021) showed that stress due to handling and re-
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straint can lead to hemoconcentration, which is reflected in increased erythro-
cytes, hemoglobin, and PCV. In addition, Esposito et al. (2020) stated that
splenic contraction that occurs during handling can increase PCV by more
than 10 %.

In general, the hematological profile of wild animals, such as wild boars,
is significantly influenced by various intrinsic and extrinsic factors. One im-
portant factor is the possibility of long-term geographical isolation in wild
boar populations on Timor Island, which can lead to genetic variation com-
pared to other wild boar populations. This genetic variation can aftect physio-
logical parameters, including blood profiles (Bovo et al. 2019; Ajmone-
Marsan et al. 2023). Additionally, age and sex are factors that can affect me-
tabolism and hormone levels, which in turn aftect blood composition
(Karasahin et al. 2022). However, in this study, the influence of age and sex
was not analysed in detail and should be further explored in future studies.

Nutritional status plays an important role in hematopoiesis. According
to Grimes and Fry (2015), protein and iron deficiencies can reduce erythro-
cyte production. On the other hand, the relatively dry geographical condi-
tions of Timor Island and its long dry season may cause environmental stress
that affects the metabolism and blood profile of animals. Arnold (2020) stated
that seasonal changes can affect blood volume and leukocyte distribution in
wild mammals. The stress factor of handling has also been shown to signifi-
cantly affect hematological parameters. Cortisol released during stressful con-
ditions can lead to leukocyte mobilization and spleen contraction, ultimately
increasing PCV values and the number of erythrocytes in circulation (Otani et
al. 2022). In the present study, capture and handling procedures were stand-
ardized and performed as quickly and carefully as possible to minimise stress
-related physiological alterations.

Comparisons with other wild boar populations revealed variability po-
tentially attributable to genetics, environment, nutrition, seasonal factors, and
handling stress. Considering these complex influences, future studies with
larger and stratified samples are needed to clarify the specific drivers of hema-
tological variation and the role of environmental adaptation in shaping wild
boar physiology, particularly on Timor Island.
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