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Leukocytes (white blood cells) are an important part of the mammalian immune system preventing the inva-
sion and colonisation by different pathogens. Many factors may affect the number of leukocytes in mammals,
including the population density. The population density in the same species of felines may differ 100-300 times
and the aim of this study was to estimate an effect of this factor on the leukocytes number and the ratio for two
groups of domestic cats (Felis catus) with different population densities. We sampled 47 cats in the surround-
ings of Daursky State Nature Reserve, counted the number of leukocytes with a microscope immediately upon
sampling and the leukocytes formula in the blood smears later in the laboratory. The population density of cats
in the village and at herdsman stations differs approximately by 330 times. Domestic cats in the village (with
a denser population) had a higher number of leukocytes and neutrophils, but the same number of lymphocytes
and neutrophils/lymphocytes ratio. The number of eosinophils was also higher in village cats. Presumably, the
higher number of leukocytes and neutrophils in a cat population with higher density is determined by the higher
exchange rate of pathogens/symbionts between cats in the village than at the herdsman stations. These results
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may give some insight into understanding the changes in wild feline populations at different densities.
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Introduction

Considerable changes in our rapidly developing
world and anthropogenic pressure on natural eco-
systems alter the current status of many mammalian
species as well as other animals. With the developing
approaches to species conservation we have to take
into account not only the number of individuals in a
species population, but also many aspects of species
biology and ecology: the changes in species range,
genetic diversity, gene flow, the welfare of animals,
and others (Volis et al., 2009; Game et al., 2014).
The last term (individual welfare) normally corre-
sponds to the health and hormonal status of individ-
uals (stressed/non-stressed) and their behavioural
parameters (Naidenko et al., 2011, 2019a). The im-
mune status of the animals can be a very important
parameter of their welfare. Many factors may affect
individual immunity negatively: pollution (Bauer et
al., 2012), food restriction (Lochmiller et al., 1993),
severe environmental conditions (Novikov et al.,
2015; Naidenko et al., 2019b), and pathogen coloni-
sation/invasion (Freyberg & Harvill, 2017).

The immune system of mammals consists of
many different blocks and it is very difficult to anal-
yse all of them to assemble data about the individual
immune status. In captivity, researchers have the op-
portunity to test immunity to different antigens un-
der well-controlled conditions (Novikov et al., 2010;
Kuznetsova et al., 2016). In the wild, it is generally
more complicated because of the field conditions,
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the quality and quantity of sample material obtained
and difficulties with recapture. Obviously, we must
minimise our own negative effect on animal health,
to avoid causing injuries to the animals. It makes the
choice of parameters for analysing even more com-
plicated. The analysis of leukocytes is one of the
easiest immune parameters to measure and requires
only a few microliters of blood (Schneeberger et al.,
2014; Pavlova et al., 2018), although it is only one
of the small blocks of immunity.

Leukocytes (white blood cells) are an important
part of mammalian immunity, which prevents the in-
vasion and colonisation by different pathogens. Dif-
ferent types of leukocytes have different functions.
Lymphocytes play an important part in both humoral
and cellular adaptive immune responses (LaRosa &
Orange, 2008). Neutrophils are responsible for the
phagocytosis of foreign cells (Kumar & Sharma,
2010) as well as monocytes that may serve to neu-
tralise larger objects (Dale et al., 2008). Eosinophils
are involved in host defense against parasites and
promoting allergic reactions, but also have a series of
regulatory functions (Wen & Rothenberg, 2016). The
functions of basophils are still discussible but they
play an important role in interleukin production and
are critically involved in a wide spectrum of immuno-
logic disorders (Marone et al., 2014).

Many factors affect the number of leukocytes
and their ratio. The interspecific analysis has shown
that the total number of leukocytes in rodents is
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correlated with the body mass: a larger species had
more leukocytes (Tian et al., 2017). This correla-
tion has also been described in other taxa (Nunn
& Altizer, 2004; Nunn et al., 2004; Schneeberger
et al., 2013). Another important factor is the mat-
ing strategy of the species. Both in carnivores and
primates the species with promiscuity as their mat-
ing strategy have a higher total leukocytes number
than monogamous species (Nunn & Altizer, 2004;
Nunn et al., 2004), although the study on rodents
did not show any relation between the mating sys-
tem and leukocytes number (Tian et al., 2017).
The number of leukocytes in individuals of the
same species may also correlate positively with their
body mass (Tarakhtii et al., 2007) or body mass in-
dex (BMI) (Charles et al., 2007; Gilbert-Diamond et
al., 2012). It is likely that large animals have more
resources to support their immune system and to pro-
duce higher numbers of leukocytes. However, this
hypothesis has never been tested in felids before.
Another parameter affecting the leukocyte number
was described for rodents. The number of leukocytes
changed significantly over population cycles, corre-
lated positively with the population density (Lazutkin
et al., 2016). A higher population density produces a
higher rate of contacts with the conspecifics (includ-
ing aggressive contacts and injuries) and a higher risk
of pathogen transmission. Both factors, potentially,
may result in an increase of the number of leukocytes.
Felids live solitarily (Naidenko & Erofeeva,
2004) apart from three species: lion (Panthera leo
Linnaeus, 1758) (Grinell et al., 1995), cheetah (Aci-
nonyx jubatus Schreber, 1775) (Eaton, 1970) and do-
mestic cats (Felis catus Linnaeus, 1758) (Say et al.,
2002). Ordinarily, the density of their population is not
high. Although, even in these species it may vary a lot:
for example, the Amur tiger (Panthera tigris altaica
Temminck, 1884) population density in the Russian
Far East is 0.15 individuals / 100 km? (Hernandez-
Blanco et al., 2015), the Indian tiger (Panthera tigris
tigris Linnaeus, 1758) population density could be
11.35 individuals / 100 km? (Narasimen et al., 2013).
These populations differ in medium cortisol level (it is
higher in Indian tigers (Naidenko et al., 2019a)) which
in theory may affect the number of leukocytes (Da-
vis et al., 2008; Pavlova et al., 2018) and immunity
(Palacious & Sugawara, 1982) of the animals. But it
is extremely difficult to assess the effect of popula-
tion density for any wild cat on the number of leuko-
cytes. The first problem is providing the valid sample
size for the analysis, which will be time-, labour- and
cost-consuming for any project. However, the second
problem is even more serious for the researchers: the
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delay between the capture and blood sampling. For al-
most any cat the time from the moment when the ani-
mal has been stressed (chasing, capture in the trapping
boxes or leg-hold Aldrich snare) to the moment when
the animal will be anesthetised exceeds one hour and
affect the number and ratio of leukocytes (Pavlova et
al., 2018). There are unique cases when this time can
be reduced for some species of wild cats in certain
habitats (Naidenko et al., 2014; Pavlova et al., 2015).

The domestic cat is the most widely distributed cat
species over the world. Blood-sampling in domestic
cats is a rather simple procedure and does not require
immobilisation of the animals (only physical restric-
tion is enough). It may be conducted in 3—5 min. after
animal capture and does not affect the number of leu-
kocytes and their ratio. The population density of do-
mestic (feral) cats may vary extremely depending of
food availability: from 1 individual / km?) (Say et al.,
2002) to 3000 cats / km?* (Liberg & Sandell, 1988). To
sum up, among felids the most suitable species to test
the hypothesis about the effect of population density
on the number/ratio of leukocytes is the domestic cat.
This predetermined the object choice for our study.

The aim of our study was to estimate the effect
of a cat population density on the number of leuko-
cytes in domestic cats.

Material and Methods

Study area

The study was conducted in the buffer zone of
Daursky State Nature Biosphere Reserve located
south of Zabaikalsky Krai near the Russian — Mon-
golian border (50.06°N, 115.44°E). The study area
covered approximately 225.9 km? of dry mountain
steppes. The annual precipitation here is 150400 mm
and the annual temperature fluctuation can exceed 90
°C (Naidenko et al., 2014). Within the study area, we
explored the village Kulusutaii (50.23°N, 115.68°E)
and 23 herdsman stations. Forty-seven domestic cats
were captured there in November 2018. The experi-
mental design minimised the chance of capturing
the reproducing females of domestic cats in this area
(there were no pregnant females there and only two
females had kittens about 2.5-3.5 months of age). The
area of the village was 1.028 km? and contained 164
buildings, including dwelling houses, sheds, and han-
gars. During the blood sampling we conducted a sur-
vey among the inhabitants about the number of cats
around their households, the sex and age of the ani-
mals, the last vaccinations (no cats were vaccinated in
the last three years). Based on the survey (34 adult cats
were counted for the village), we estimated the den-
sity of adult cats as 33 individuals per 1 km?. We took
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samples from 24 cats in the village. Additionally, 23
animals were sampled at herdsman stations. The total
density of cats there was 0.1 individuals / km?. Every
station was mapped with GPS (Garmin 62CSX). The
mean distance between the closest herdsman stations
was 4.5 km. Free-ranging domestic cats can cover
such distances easily (Naidenko & Hupe, 2002) and
can move between adjacent stations. All tested do-
mestic cats were adults (> 1 year old).

Sampling

Every domestic cat was captured and handled
directly by the owner. Blood samples were obtained
from the femoral vein (1-3 ml) within 5 min without
anesthesia (physical restriction with thick gloves and
clothes). After blood sampling each cat was weighed
(up to 10 g) with the hand scale (RST, Lund, Swe-
den) with the precision to 10 g. Immediately after
sampling, blood was placed into tubes with K.-EDTA
buffer (Mini-collect, Greiner Bio-One, Austria).

Blood preparation and analysis

Leukocytes counting was conducted in fresh
blood samples using a hemocytometer chamber (Go-
ryaev chamber, four counting fields) under the mi-
croscope Levenhuk Rainbow 2L Plus (magnification
x 160) (Levenhuk Inc., Tampa, USA) by using the
standard method (Bazhibina et al., 2005). In short, the
blood was diluted 1 : 20 v/v with the 3.5% of acetum
acid to dissolve red blood cells, 15 pl of the solution
was added to the chamber. We counted leukocytes in
100 large boxes and calculated their concentration on
1 ml based on the hemocytometer chamber volume.
The formula was:

ax250x%x20
— =~ wher
100

e

X —number of leukocytes / ul (x 1000 — per 1 ml);

a —number of leukocytes / 100 large boxes;

20 — dilution of the blood;

100 — number of counted boxes;

250 — factor related to the volume of 1 box
(1/250 pl).

Blood smears were prepared immediately,
within 5 min. after the blood sampling. Fresh blood
smears were fixed in 100% methanol immediately
after drying up and transferred to the lab in Moscow.
The smears in the lab in Moscow were stained with
Romanovsky stain according to the standard method
(Bazhibina et al., 2005; Pavlova et al., 2018) shortly
before the analysis. On a smear, a 100-cell differen-
tial leukocyte count was conducted manually using
the microscope Leica 5000D (Leica Microsystems,
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Switzerland) in the counting area (magnification
x 1000). The proportion of each leukocyte type
was expressed in a percentage. The total number
of white blood cells of different type (lymphocytes,
neutrophils, etc.) was calculated using the follow-
ing formula: absolute WBC number (counted in the
field with the hemocytometer chamber) X percent-
age of leukocytes types / 100.

Statistical analysis

All data are presented here as the mean with the
standard error. The data on body mass, the number
of leukocytes, neutrophils (N), lymphocytes (L)
and eosinophils number and N/L ratio were nor-
mally distributed. We used GLM for hematological
parameters with the categorical predictors «site»
and «sex» and body mass as the continuous pre-
dictor. To compare other hematological parameters
(the number of monocytes and basophils) between
the village and shepherd cats we used the Mann-
Whitney U test (MW) because the data distribution
was different from normal.

Results

The animals in the village and in the herdsman
stations differ significantly in body mass. Both «site»
and «sex» factors affected the body mass of individu-
als significantly (FA: F =4.453; df = 1; p =0.041 and
F=22.724; df=1; p=0.000, respectively). Both males
and females were significantly heavier at the herdsman
stations and smaller in the village (Fig. 1). Males at the
stations were about 13% and females about 9% heavi-
er than the cats of the same sex in the village.

The «sex» of the animals had no notable effect
on the number of leukocytes and their main types
(neutrophils and lymphocytes). However, the «site»
factor affected the number of leukocytes (GLM:
MS =168.4; F = 6.788; p = 0.013) and neutrophils
(GLM: MS = 60.1; F = 6.897; p = 0.012) signifi-
cantly. Both indexes were higher in village cats
(Fig. 2). The number of neutrophils was approxi-
mately 1.5 times higher in village cats in compari-
son to the cats from herdsman stations (respectively,
6.59 &+ 0.70 mIn/ml and 4.33 &+ 0.46 mIn/ml). How-
ever, the «site» factor did not affect significantly
the number of lymphocytes (GLM: MS = 15.67,
F = 1.96; p = 0.169) (Fig. 3), although animals in
the village had 30% more lymphocytes than herds-
man cats. Correspondingly, the N : L ratio did not
differ in cats of different sex and locations («site»
GLM: MS =0.329; F = 0.71; p = 0.404). The body
mass did not have significant effect on the number
of leukocytes and their different types.
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Fig. 1. The body mass of domestic cats at high (village) and
low (stations) population density.
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Fig. 2. The number of leukocytes in domestic cats at high
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Fig. 3. The number of lymphocytes in domestic cats at high
(village) and low (stations) population density.

Among minor groups of leukocytes «site» had
significant effect on the number of eosinophils
(GLM: MS = 0.932; F = 5.556; p = 0.023). Vil-
lage cats had more eosinophils than herdsman cats
(respectively, 0.60 = 0.12 mIn/ml and 0.36 £+ 0.04
mln/ml). The inter-effect of «site» and «sex» was
also significant on eosinophils’ this index (GLM:
MS = 0.799; F = 4.763; p = 0.035). The number of
monocytes differed between these locations: village

92

cats had fewer monocytes (MW: U = 148; Z = 2.72;
p = 0.006) than herdsman cats. The numbers of ba-
sophils did not differ significantly between sites.

Discussion

The body mass of the animal affects the num-
ber of leukocytes at species level. This phenomenon
has been described for several groups of mammals:
rodents (Tian et al., 2017), bats (Schneeberger et al.,
2013), primates (Nunn et al., 2004) and carnivores
(Nunn & Altizer, 2004). Larger species have a higher
percentage of leukocytes than smaller ones. It may be
explained by different hypotheses (Tian et al., 2017).
However, this trend (large animals have more leuko-
cytes), which works well enough on species level,
does not seem to work on individuals. We did not find
any effect of the individual body mass on the number
of leukocytes (and their forms) for domestic cats in
our study. In some species, the number of leukocytes
was positively related with the body mass, for exam-
ple, in Myodes glareolus Schreber, 1780 (Tarakhtii et
al., 2007). However, more often the BMI was con-
sidered for intraspecific analysis. In humans the BMI
and leukocyte number are related positively (individ-
uals with a high BMI have more leukocytes) (Dixon
& O’Brien, 2006; Zaldivar et al., 2006; Charles et al.,
2007; Gilbert-Diamond et al., 2012), however, these
differences are more obvious in an obesity group.
In Pan troglodytes Blumenbach, 1775 (in opposite
to humans) the leukocytes number correlated nega-
tively with the BMI (Obanda et al., 2014). However,
for domestic cat scientists use score estimations in-
stead of BMLI. They are quite subjective (for example,
Laflamme, 1997) and more adaptive to finding obe-
sity in domestic pets than to estimating the status of
semi-free ranging cats. The domestic cats in our study
areas were never too fat; the largest male had a body
mass of 4.27 kg, the largest female — 3.58 kg. It seems
that other factors affect leukocytes number and ratio
in cats in the Daursky State Nature Reserve.

Food availability is also known to be an impor-
tant factor related to the number of leukocytes. Sev-
eral field experiments for Sigmodon hispidus Say &
Ord, 1825 and Desmodus rotundus Wied-Neuwied,
1826 showed an increase of the number of leukocytes
and N : L ratio respectively with the increase of food
abundance (Webb et al., 2003; Becker et al., 2018).
Food restriction experiments result in a decrease of
immunity in mammals (Lochmiller et al., 1993; Xu
& Wang, 2010). However, although we found body
mass differences in domestic cats from two study
sites, we do not believe that any food restriction took
place in this study. All individuals received food from
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their owners regularly and had found additional food
sources in wildlife (rodents, birds and insects).

The population density may correlate negative-
ly with the humoral immunity of mammals (Saino et
al., 2000) that may be mediated by stress-response
due to the contacts with the conspecifics. The fluc-
tuations of population density showed an increase of
the leukocyte number in Clethrionomys rutilus (Pal-
las, 1779) at the peak point (Lazutkin et al., 2016).
However, in this case their number may correlate
with the infection by pathogens and inflammation
process before the population density crash.

In our study, the cat population was rather sta-
ble. The number of leukocytes, neutrophils and eo-
sinophils was higher in the animals living at a higher
population density. Our study site included two do-
mestic cat «populations» with the density differing
by 330 times (0.1 individuals/km? vs. 33 individu-
als’/km?). These differences in population density
determine the higher rate of conspecific contacts in
the village. Animals demonstrate a wide range of ag-
gressive, amicable and olfactory contacts that may
lead to an intensive pathogen exchange between the
individuals. Some of the pathogens may be excreted
by animals through feces, urine, saliva, vomiting,
etc. and the density of such excretes in the environ-
ment will be higher in the village «populationy.

A higher number of contacts with the conspecif-
ics and an exchange of potential pathogens may lead
to an increase of immune tension and necessitate
an increase of the number of leukocytes. Previous
studies in this area showed significant differences in
serum prevalence of domestic cats to several patho-
gens in these two study sites. For example, serum
positive individuals to the feline panleukopenia vi-
rus and feline calicivirus were found significantly
more often among the village cats (Pavlova et al.,
2015). The number of leukocytes, neutrophils, eo-
sinophils and lymphocytes (non-significantly) was
higher in village cats than in cats living at lower
population density. Only the monocytes number was
lower in village cats, of which the reasons are not
clear. Monocytes responsible for the extermination
of relatively big pathogens and their occurrence in
the village and herdsman cats were not analysed in
this or previous studies (Pavlova et al., 2015, 2016).

The population density in domestic cats is closely
related to the mating strategies. Domestic (feral) cats
adopt different mating strategies depending on the
population density. In sub-Antarctic areas (islands),
where the population density is extremely low (about
1 individuals/km?), they demonstrate monogamy (Say
et al., 2002). In big cities where the density may be
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up to 3000 cats/km? (Liberg & Sandell, 1988), they
show promiscuity, where one female may have up to
nine sexual partners (Ishida et al., 2001) and produce
offspring of five different males (Say et al., 1999). We
can assume (based on the population density in our
studies) that the animals in the village had promiscuity
and the cats at the herdsman station had fewer sexual
partners than the animals in the village. A higher rate
of sexual contacts and an increased number of mating
partners may also change the rate of pathogen transfer
and increase the number of aggressive contacts (es-
pecially for the competing males). It was not possible
to distinguish the effect of population density and
changes in mating system, because an increase of the
population density in cats usually changes the mating
strategy of the animals (from monogamy to promiscu-
ity). Both factors contribute to an increase of contact
rate and changes in leukocytes number.

We did not find any effect of the «sex» factor on
the studied hematological indexes in cats. Despite
males being heavier than females (which is common
for felid species), the number of leukocytes, their main
types and ratio were similar between sexes. In humans,
women usually have more neutrophils than men (Bain,
1996). In primates, females have more lymphocytes
and eosinophils than males (Nunn et al., 2009). In
carnivores males have more neutrophils than females
(Nunn et al., 2009). It seems that gender differences in
the number of leukocytes differ significantly in each
taxon and we did not observe them in this study.

To sum up, in domestic cats, living at a higher
population density, we observed a higher number of
leukocytes, neutrophils and eosinophils. A similar
N : L ratio in both populations of cats did not sup-
port the idea that village cats were more stressed than
the herdsman cats (Davis et al., 2008; Pavlova et al.,
2018) despite their lower body mass. We assume that
an increase of contacts with the conspecifics and con-
sequences of it (pathogen transmissions, injuries dur-
ing aggressive interactions, etc.) lead to an increase of
the number of leukocytes (as an indicator of immu-
nity tension) in feral cats. We did not find any effect
of the body mass of animals on the number and ratio
of leukocytes. It seems that this factor is only impor-
tant at species level (Nunn & Altizer, 2004; Nunn et
al., 2004; Schneeberger et al., 2013; Tian et al., 2017).

It is obvious that wild cats never live at such high
density as domestic cats. However, the differences in
their density may also vary dramatically (by almost
two orders for Amur and Indian tigers) (Narasimen et
al., 2013; Hernandez-Blanco et al., 2015) and compar-
ing immunity tension in animals of these two popula-
tions may be of interest. An increase of population den-
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sity (like, for example, three-fold in Panthera pardus
orientalis Schlegel, 1857 during the last ten years (Vit-
kalova & Shevtsova, 2016)) may also affect the im-
munity (or immunity tension) of these cats. The conse-
quences of this phenomenon should be studied closely
to predict these changes for different populations.
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JIeMKoLMTBI — Ba)kHasl 4aCTh UMMYHHOM CHCTEMBbI MJICKOIIUTAIOLIUX, KOTOPas IPEAOTBPAILAET IPOHUKHOBE-
HUE B OPraHM3M M Pa3MHOXXCHHE PAa3IMYHBIX MATOT€HOB. 3HAYUTENbHOE YNCIIO (PAKTOPOB BIMSIET HA YHUCIIO
HeﬁKOLIPITOB Y MJIICKOIMMUTAOMNUX, B TOM YUCJIC U INIOTHOCTH MOMYJIALINHA. ITnorHocTh HOHyJ’IfIHI/Iﬁ Yy OAHOTO
1 TOTO K€ BH/JIa KOolIaybuX MoxeT BapbupoBaTh B 100—300 pa3. U 1enpio HACTOSIIEr0 UCCIIE0BaHUs ObLIO
OLCHUTH BJIIMSHHUE 3TOTIO (baKTopa Ha 4YHUCJIIO HeﬁKOI.IHTOB N UX COOTHOHICHHE B ABYX I'pPYINIIUPOBKax J0-
MalIHuX Kouek (Felis catus) ¢ pa3iM4HON MJIOTHOCTHIO MOmynsiuuid. Mbl coOpasin npoOsl ot 47 KollleK B
OKPECTHOCTSIX TOCYIaPCTBEHHOTO IIPUPOIHOTO 3anoBeHUKA «JlaypcKuii», NOACUUTANN 110l MUKPOCKOIIOM
YHCJIO JIGMKOIIUTOB BCKOpE Iocie cOopa npod, a 1mo3jaHee B J1aOOpPaToOpuu ONPEACIIHIN JICHKOLUTAPHYIO
¢dopmyny Ha mMazkax. [IIOTHOCTh MOMyYJNSILUI/TPYNIIMPOBOK KOILIEK B JIEPEBHE M HA MACTYIIBUX CTOSHKAX
paznnuanace npuMmepHo B 330 pa3. YV pomamHHX KOLIEK B JepeBHE (B TPYNIHPOBKE ¢ Oojee BBICOKOI
IJIOTHOCTHIO) OBLIO OOJIBIIE JICHKOIUTOB U HEHTPOodmioB. OQHAKO, YHCIO0 JUMMOIUTOB U COOTHOIICHHUE
HEUTPOGUIOB U TUM(OIUTOB HE OTIIMYAIOCH HOCTOBEPHO. YHCII0 303MHO(IIOB OBLIO TaK¥Ke BBIIIC y KO-
1ieK B jiepeBHe. [IpeanonokuTesbHo, 0obliee YHCI0 JSHKOIUTOB U HEUTPOPHUIOB B MOMYJISIIIMH KOILIEK
¢ OoJiee BBICOKOW IUIOTHOCTHIO BBI3BAHO 00JIee BBICOKOH CKOPOCTBHIO OOMEHa MaToreHaMu/CUMOMOHTaMHU
MCKAY KOIIKaMU B I€PEBHE IO CPABHECHUIO C KOIKaAMH C MAaCTyIIbUX CTOAHOK. D1 PpE3YyabTaThl MOT'YT JaTh
UACH OJ11 IOHUMAaHU S U3MEHEHUU B MOMyIANUAX JUKUX KOIMIAYbUX pa3n1/mHoﬁ IIJIOTHOCTH.
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