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The occurrence of the pyometra is most common in the first
half of the dioestrus when there is decreased cellular immunity
associated with increased serum concentration of progesterone
in females. The aim of this study was to determine the
immunological profile of bitches with pyometra, studying
serum levels of IL-2, IL-4, IL-10, IFN-y, KC-like and TNF-a
and comparing them with those of healthy bitches in anoes-
trus, dioestrus and pregnant. Forty females were divided into
four experimental groups: group 1 (Gl): with pyometra
(n = 10); group 2 (G2): bitches in the second week of gestation
(n = 10); group 3 (G3): in anoestrus (n = 10); and group 4
(G4): in dioestrus (n = 10). The serum levels for IL-2, KC-like,
INF-y and TNF-a were similar for all experimental groups.
The values obtained for IL-10 were found increased
(p < 0.001) in animals in dioestrus and pyometra compared
with females in anoestrus and pregnant, and the levels of 1L-4
observed were significantly greater (p < 0.001) in bitches with
pyometra when compared with others. The cytokine profile in
animals with pyometra is similar to bitches in dioestrus for IL-
10 and had increase in IL-4 for bitches with pyometra, which
represents an anti-inflammatory these cases. This suggests the
presence of an immunosuppressive state in both cases, which
may explain the propensity of bitches in dioestrus to be
affected by pyometra and the severity of the disease on these
animals.

Introduction

Pyometra is a severe disease of female dogs character-
ized by chronic uterine inflammation and bacterial
colonization with consequent installation of a systemic
inflammatory and septic syndrome (Smith 2008). The
occurrence of this disease is most common in the first
half of the dioestrus when there is a decrease in cellular
immunity associated with an increase in serum concen-
tration of progesterone in females (Sugiura et al. 2004;
Tsumagari et al. 2005; Smith 2006).

The progesterone in bitches presents a peculiar
activity on the immune system of females, modulates
the action of T lymphocytes, being able to suppress the
function of these cells (Michelon et al. 2006), and
directly affects the local immunity favouring the
installation of uterine infection (Dabrowski et al.
2007).

The presence of a pathogenic agent to the organism
promotes the activation of the innate immune system
mediated by macrophages and neutrophils which rec-
ognize self-molecules of the agent and lead to intracel-
lular signalling, activation of transcription factors and
production of cytokine (Robertson and Coopersmith
2006; Dickson 2009). The cytokines are soluble proteins
synthesized by various cells of the immune system that
act as immune regulators and induce the production of
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immunoglobulins by plasmocytes, neutralize bacterial
toxins and prevent their adherence (Abbas et al. 2000;
Hahn and Liewer 2007).

Recent studies in human and veterinary medicine
(Denney et al. 2011; Feliciano et al. 2012) on the
profiles of cytokines during gestation have demon-
strated the behaviour of these units in gestational
immunology. As for pyometra, there are no reports on
the behaviour of cytokines in females, but it is suggested
that this knowledge can prevent the occurrence of the
disease in female dogs during dioestrus or improve
the prognosis of females in severe cases. Considering the
importance of the disease in small animal obstetrics,
the aim of this study was to determine the immunolog-
ical profile of bitches with pyometra, studying serum
levels of interleukins 2, 4, 10 (IL-2, IL-4, IL-10),
interferon-y (IFN-vy), natural killer-like cells (KC-like)
and tumour necrosis factor-o (TNF-o) and comparing
them with those of healthy bitches in anoestrus,
dioestrus and pregnancy.

Material and Methods
Animals and experimental groups

This study was conducted following the approval of the
Animal Ethics and Welfare Committee of the School of
Agrarian and Veterinary Sciences of the Sao Paulo State
University, Brazil (protocol No 017314/10).

A total of 40 females of various breeds from 10 to
25 kg of body weight, all adults between 4 and 8 years
old, were used. The animals were divided into four
experimental groups in accordance with the reproduc-
tive status observed by physical, complementary exam-
inations (haemogram and biochemical profile) and
obstetric examinations including specific reproductive
tract inspection, vaginal cytology, abdominal palpation
and imaging: group 1 (G1): bitches with pyometra
(n = 10); group 2 (G2): bitches in the second week of
gestation (n = 10); group 3 (G3): bitches in anoestrus
(n =10); and group 4 (G4): bitches in dioestrus
(n = 10).

The animals belonging to group 1 were females that
had presented clinical signs and ultrasonographic find-
ings consistent with the framework of pyometra. The
clinical diagnosis was confirmed by the visualization of
uterine alterations during the surgical procedure per-
formed as the treatment of choice.

To monitor and determine the oestrous period for
bitches of G2, G3 and G4, vaginal cytology was carried
out for four consecutive days. The material was
collected using a swab, fixed with methanol and stained
in glass slide by Giemsa. After this, the materials were
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analysed through direct microscopy in increments of 25
and 100 dioptres.

The oestrus signs were also monitored and associated
with direct microscopy findings. After the confirmation
of probable date of higher fertility, the female belonging
to group 2 in oestrus and the male were put together and
were separated after 3 days. While kept together, it was
noticed that the female was receptive to the male
mounts. The determination of pregnancy was carried
out 2 weeks after mating, in analogy to that reported by
Feliciano et al. (2007). These bitches were evaluated in
two groups G2 and G4 according to their reproductive
state.

Immunological profile

Blood samples of 5 ml were collected from each
female from the jugular vein, and then, the serum was
separated and frozen at —80°C for evaluation of
cytokines. The immune profile was established
through the determination of serum levels of cyto-
kines: IL-2, IL-4, IL-10, IFN-y, TNF-a and KC-like
through the panel cytokines MILLIPLEX MAP
(CCYTO-90K, Millipore, Billerica, 89 Massachusetts,
USA), validated for dogs. The samples were standard
and incubated in microspheres coupled to a specific
antibody and then incubated with streptavidin-PE.
Then, the reading was performed in the matrix system
— MILLIPLEX (Luminex 200, Luminex Corporation,
St. Charles, Mo., USA). All procedures for the
analysis of samples were conducted in the laboratory
GENESE (Genese LTDA, Sao Paulo — SP, Brasil)
(Feliciano et al. 2012).
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in bitches (p < 0.05)

Statistical analysis

Statistical analysis was performed with the aid of R®
software (R Foundation for Statistical Computing,
Vienna, Austria). The experimental design corresponded
to a completely randomized design. The normality of
residuals and homogeneity of variances were tested
previously, and actual or transformed data were anal-
ysed by analysis of variance, and when the difference
between the treatments was significant, the means were
compared by Tukey’s test (p < 0.05).

Results

The serum levels for IL-2, KC-like, INF-y and TNF-a
were similar for all experimental groups. The values
obtained for IL-10 were found increased (p < 0.001) in
animals in dioestrus and with pyometra compared with
females in anoestrus and pregnant, and the levels of 1L-4
observed were significantly greater (p < 0.001) in bitches
with pyometra when compared with the others (Fig. 1
and Table 1).

Discussion

The immune response to pyometra is associated with an
inflammatory reaction of the innate immune system
mediated by an increase in neutrophil leucocytes and a
reduction in lymphocyte activity, which can be associ-
ated with endotoxemia or to the inhibition of lympho-
cyte mitogenic factors (Faldyna et al. 2001). For these
reasons, the immune response in pyometra is compro-
mised, which can change the adaptive responses and
cytokine profiles.
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Table 1. Values (mean + SE) of the levels (pg/ml) of cytokines in
bitches with pyometra, pregnant, dioestrus and anoestrus

Cytokines Pyometra Pregnant Anoestrus Dioestrus
IL-2 330 + 160 380 + 210 190 + 76 29 + 20
1L-4 47+ 1.5 0.74 £ 0.1 0.74 £ 0.2 35+1.5
IL-10 434 + 22,6 2.6 +£04 3.1 +0.38 31.9 + 139
IFN-y 49 + 0.6 35+ 14 2.6 £ 0.8 29+ 1.2
TNF-o 1.1 £ 0.6 28+ 19 1.4 +£04 0.6 +0.2
KC-like 714 + 105 825 £ 172 988 + 164 511 + 45

It was observed that the immune profile of bitches
with pyometra is altered demonstrating impairment of
the immune response of these animals The alteration in
the amount of cytokines in bitches with pyometra is
associated with the activation of the innate immune
system in cases of uterine diseases in dogs. This immune
response is characterized by an increase in leucocytes,
decreased lymphocyte activity, high levels of immuno-
globulins, lysozyme and the presence of immune com-
plexes caused by endotoxemia and inhibition of
lymphocyte mitogenic factors in this condition (Faldyna
et al. 2001).

According to the literature (Faldyna et al. 2001;
Smith 2006; Dickson 2009; Karlsson et al. 2012), the
bitches in dioestrus and with pyometra present an
immunosuppression that could be observed in bitches in
this study. The serum concentration of IL-10 was found
increased in animals with pyometra and dioestrus when
compared with animals in anoestrus and pregnant. The
IL-4 levels were statistically increased only in bitches
with pyometra, but bitches in dioestrus also expressed
high levels of this cytokine.

In humans, the IL-10 has been associated with sepsis
(Urbonas et al. 2012) and patients mortality (Novotny
et al. 2012). In animals, Karlsson et al. (2012) detected
the presence of IL-10 only in dogs with pyometra and
systemic inflammatory response syndrome (SIRS), indi-
cating that this cytokine is an indicator of severity in
these cases. In this study, it was observed increase in
levels of IL-10 both in bitches with pyometra and in
dioestrus, demonstrating the immunological fragility of
female dogs on that stage of the oestrous cycle, resulting
from hormonal alterations, and their possible predispo-
sition to the occurrence of pyometra if the females do
not become pregnant.

IL-4 has been associated with conditions of severe
sepsis and as an early indicator of mortality in
humans (Bozza et al. 2007). Therefore, the increased
levels of IL-4 found in the female dogs may be an
early indicator of pyometra and of the disease
severity.

The TNF-o has been considered as an early marker
of acute exposure to endotoxin in animals with
experimental sepsis (Otto 2007). However, the observed
results did not show the increase in this cytokine in
bitches with pyometra as well as in studies by Karlsson
et al. (2012).

Among the evaluated cytokines, the IL-2 and IFN-y
were similar for all groups of bitches and their expres-
sion in pregnant females has been considered essential

© 2014 Blackwell Verlag GmbH

for the development and maintenance of pregnancy
(Feliciano et al. 2012), because it is related to the
inflammatory process that favours the foetal implanta-
tion (Mellor and Munn 2000).

The immunological profile observed in this study by
the levels of cytokines obtained demonstrated that
animals with pyometra have an immune behaviour
similar to that of dogs in dioestrus except for ILA4,
suggesting the presence of an anti-inflammatory
response in both cases. This may explain the propen-
sity of bitches in dioestrus to be affected by pyometra
and could be related to the severity of the disease. This
characteristic may be related to levels of progesterone
(Feliciano et al. 2012) that predispose to bacterial
colonization of the uterus and induces specific endo-
metrial receptors for the same (Fransson and Ragle
2003).

It is believed that the most important immunoreg-
ulatory effect of progesterone is related to its action
on T lymphocytes, which in humans, under the
allogeneic stimulus, begins to express receptors for
progesterone and in high concentrations of this
hormone the lymphocytes synthesize an immunomod-
ulatory protein (PIBF) that inhibits the liberation of
arachidonic acid and the activity of NK cells and also
alters cytokine levels (Michelon et al. 2006). As an
example of the action of PIBIF on cytokines, this
mediator promotes the secretion of T-helper-2 cyto-
kines (IL-3, IL-4 and IL-10) while inhibits the
T-helper-1 cytokines (IFN-y, TNF-o and IL-2) (Szek-
eres-Bartho et al. 2005), similar behaviour to that
found in the present study.

Conclusion

The cytokine profile in animals with pyometra is similar
to bitches in dioestrus for IL-10 and higher to the other
groups to levels of IL-4 representing an anti-inflamma-
tory pattern that suggests the presence of immunosup-
pression in both cases. This may explain the propensity
of bitches in dioestrus to be affected by pyometra, and it
could be related to the severity of the disease and with
the progesterone action.

Studies relating these proteins with clinical signs and
progression of pyometra in animals could help clarify
the immune response that occurs during different stages
of the disease and the IL-4 role as an evidence of disease.
Evaluating other cytokines such as CRP, IL-7, IL-18
and IL-15 that have been correlated with the disease in
different stages of the oestrous cycle can be interesting in
the search for immune conditions that lead to pyometra
establishment during dioestrus.

Acknowledgements

The authors would like to thank FAPESP for the financial support for
the current research and for post-doctoral scholarship support
(processes 2010/16913-7 and 2011/06011-9).

Conflict of interest

The authors of this manuscript declare no conflict of interest in
relation to this article.



704 GS Maciel, RR Uscategui, VT de Almeida, MEF Oliveira, MAR Feliciano and WRR Vicente

Author contributions

Giovana Serpa Maciel and Marcus Antonio Rossi Feliciano designed

Uscategui analysed data and drafted the paper. Vivian Tavares de
Almeida and Wilter Ricardo Russiano Vicente drafted the paper.

the study, analysed data and drafted the paper. Ricardo Ramirez

References

Abbas AK, Lichtman AH, Pober JS, 2000:
Imunologia Celular ¢ Molecular, 3* ed.
Rio de Janeiro: Revinter, 486 p.

Bozza FA, Salluh JI, Japiassu AM, Soares
M, Assis EF, Gomes RN, Bozza MT,
Castro-Faria-Neto HC, Bozza PT, 2007:
Cytokine profiles as markers of disease
severity in sepsis: a multiplex analysis.
Crit Care 11, R49.

Dabrowski R, Wawron W, Kostro K, 2007:
Changes in CRP, SAA and haptoglobin
produced in response to ovariohysterec-
tomy in healthy bitches and those with
pyometra. Theriogenology 67, 321-327.

Denney JM, Nelson EL, Wadhwa PD,
Waters TP, Mathew L, Chung EK, Gold-
enberg RL, Culhane J, 2011: Longitudinal
modulation of immune system cytokine
profile during pregnancy. Cytokine 53,
170-177.

Dickson S, 2009: Sepsis and multiple organ
failure. Anaesth Intens Care 10, 165-168.

Faldyna M, Laznicka A, Toman M, 2001:
Immunosuppression in bitches with py-
ometra. JSAP 42, 5-10.

Feliciano MAR, Muzzi LAL, Leite CAL,
Junqueira MA, 2007: Two-dimensional
conventional, high resolution two-dimen-
sional and three-dimensional ultrasonog-
raphy in the evaluation of pregnant bitch.
Arq Bras Med Vet Zootec 59, 1333-1337.

Feliciano MAR, Aquino AA, Coutinho LN,
Vicente WRR, 2012: Immunology in the
pregnancy of bitches: a review. Rev Bras
Reprod Anim 36, 158-162.

Fransson BA, Ragle CA, 2003: Canine
pyometra: an update on pathogenesis

and treatment. Compendium 25, 602—
612.

Hahn CL, Liewer FR, 2007: Innate immune
responses of the dental pulp to caries. J
Endod 33, 643-651.

Karlsson I, Hagman R, Johannisson A,
Wang L, Karlstam E, Wernersson S,
2012: Cytokines as immunological mark-
ers for systemic inflammation in dogs with
pyometra. Reprod Dom Anim 47, 337-
341.

Mellor AL, Munn DH, 2000: Immunology
at the maternal-fetal interface: lessons for
T cell tolerance and suppression. Annu
Rev Immunol 18, 367-391.

Michelon T, Silveira JG, Graudenz M,
Neumann J, 2006: Imunologia da
gestacao. Rev AMRIGS 50, 145-151.

Novotny RA, Reim D, Assfalg V, Altmayr
F, Friess MH, Emmanuel K, Holzmann
B, 2012: Mixed antagonist response and
sepsis severity-dependent dysbalance of
pro- and anti-inflammatory responses at
the onset of postoperative sepsis. Immu-
nobiology 217, 616-621.

Otto CM, 2007: Clinical trials in spontane-
ous disease in dogs: a new paradigm for
investigations of sepsis. J Vet Emerg Crit
Care 17, 359-367.

Robertson CM, Coopersmith CM, 2006:
The systemic inflammatory response syn-
drome. Microbes Infect 8, 1382—1389.

Smith FO, 2006: Canine pyometra. Theri-
ogenology 66, 610-612.

Smith FO, 2008: Mucometra, cystic endo-
metrial hyperplasia, and pyometra in the
bitch: advances in treatment and assess-
ment of future reproductive success. The-
riogenology 70, 364-374.

Maria Emilia Franco Oliveira analysed data.

Sugiura K, Nishikawa M, Ishiguro K, Taj-
ima T, Inaba M, Torii R, Hatoya S,
Wijewardana V, Kumagai D, Tamada H,
Sawada T, lIkehara S, Inaba T, 2004:
Effect of ovarian hormones on periodical
changes in immune resistance associated
with estrous cycle in the beagle bitch.
Immunobiology 209, 619-627.

Szekeres-Bartho J, Polgar B, Kozma N,
Miko E, Par G, Szereday L, Barakonyi
A, Palkovics T, Papp O, Varga P, 2005:
Progesterone-dependent immunomodula-
tion. Chem Immunol Allergy 89, 118-125.

Tsumagari S, Ishinazaka T, Kamata H,
Ohba S, Tanaka S, Ishii M, Memon
MA, 2005: Induction of canine pyometra
by inoculation of Escherichia coli into the
uterus and its relationship to reproductive
features. Anim Reprod Sci 87, 301-308.

Urbonas V, Eidukaite A, Tamuliene I, 2012:
Increased interleukin-10 levels correlate
with bacteremia and sepsis in febrile
neutropenia pediatric oncology patients.
Cytokine 57, 313-315.

Submitted: 11 Feb 2014; Accepted: 22 May
2014

Author’s address (for correspondence): MAR
Feliciano, Department of Animal Reproduc-
tion, College of Agricultural and Veterinary
Sciences - Sao aulo State University, Via de
Acesso Prof. Paulo Donato Castellane, s/n,
CEP: 14884-900, Jaboticabal, Sao Paulo,
Brazil. E-mail: marcusfeliciano@yahoo.
com.br

© 2014 Blackwell Verlag GmbH



