Received 20.02.2018

640 DOI: dx.doi.org/10.21521/mw.5963 ~ Med. Weter. 2018, 74 (10), 640-645

Praca oryginalna Original paper

Usefulness of cytological evaluation of milk
in diagnosing mastitis in bitches

IOSIF VASIU, FLAVIU TABARAN*, RAUL ALEXANDRU POP**,
FLORENTIN GHEORGHE BRUDASCA***, ASTA TVARIJONAVICIUTE****,
ROMAN DABROWSKI*****

Department of Infectious Disease, *Department of Pathology and Forensic Medicine,

**Department of Obstetrics and Gynecology, ***Department of Infectious Disease, Faculty of Veterinary Medicine,
University of Agricultural Science and Veterinary Medicine Cluj-Napoca, Romania
****Interlab-UMU, Regional Campus of International Excellence “Mare Nostrum”, University of Murcia, Spain
****Department and Clinic of Animal Reproduction, Faculty of Veterinary Medicine,

University of Life Sciences, Gteboka 30, 20-612 Lublin, Poland

Accepted 03.07.2018

Vasiu l., Tabaran F., Pop R. A, Brudasca F. G., Tvarijonaviciute A., Dgbrowski R.
Usefulness of cytological evaluation of milk in diagnosing mastitis in bitches

Summary

The aim of this study was to evaluate the prevalence of mastitis in female lactating dogs by interpreting the
milk cytology in the diagnostic protocol. Milk samples were manually collected in sterile vials from 89 lactating
bitches (i.e., 157 mammary glands) aged between 10 and 168 months. Milk smears were obtained by using the
squash and May-Griinwald-Giemsa (MGG) techniques. A cute mastitis episodes were consistent with increased
numbers of degenerated neutrophils, erythrocytes, and engulfed bacteria. Eosinophils were present in retention
mastitis inflammations. Foamy cells were present in every type of inflammation. Subclinical cases of mastitis
were characterized by a reduced number of neutrophils with engulfed bacteria. The period of lactation has
a great influence on the type of mastitis encountered. Our results have showed that the lactation period has
influence over different types of mammary gland inflammations. In most cases, galactostasis (65%) followed by
subclinical mastitis (22%) and acute mastitis (13%) were encountered. Neutrophils and phagocytosis exhibited
specificity for acute inflammations, whereas eosinophils and foamy cells were consistent with cases of retention
mastitis. The presence of red blood cells in most cases was correlated with acute inflammations. It seems that

cytological evaluation of milk could be quite helpful in diagnosing mammary gland inflammations.
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One of the most common disturbances noticed
during the lactation period in female dogs is mastitis,
which is described as an inflammation of the mam-
mary glands accompanied by milk stasis in glandular
tissue (18). For bitches with mastitis, the main risk is
represented by an increased rate in the percentage of
offspring mortality. Milk cytology comes to the aid
of diagnostic protocol, treatment strategy, and illness
prognostic (8, 15). Milk smears obtained during the
course of septic mammary glands — with the presence
of erythrocytes, degenerated neutrophils, activated
macrophages and phagocytosis — are consistent with
acute inflammation episodes (1, 12). Parasitical and
retention mastitis of female dogs also develop an in-
flammatory response with the presence of an increased

number of foamy cells (12) and eosinophils (9). In ante-
and postpartum lactating bitches, the prevalence of
mastitis acuta is thought to be around 23% and 54.2%,
respectively (6). In bitches with pseudopregnancy the
prevalence of acute mastitis is estimated to be around
27% (6). In the antepartum period the prevalence of
subclinical mastitis is 54.2%, followed by a 23.9%
prevalence in the postpartum period and 21.9% due
to pseudopregnancy (6).

The aim of this study was to characterize variations
in milk cytology collected from female dogs, in con-
trast with each type of inflammation encountered in
the lactating mammary glands of both gestating and
nongestating dams. Moreover, the current research
also aimed to establish the prevalence of bitch mastitis
according to the evaluation of milk cytology.
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Material and methods

A total of 89 female dogs admitted at the Department
and Clinic of Reproduction, Obstetrics and Gynecology,
Faculty of Veterinary Medicine, University of Agricultural
Science and Veterinary Medicine, Cluj-Napoca, Romania
were included in the study. Dogs classified into the study
consisted of 29 different breeds (American Staffordshire
Terrier, Basset Hound, Beagle, Bichon, Boxer, German
Shorthaired Pointer, American Bulldog, English Bulldog,
French Bulldog, Cane Corso, Caucasian Shepherd Dog,
Bucovina Shepherd Dog, Central Asian Shepherd Dog,
German Shepherd, Belgian Shepherd, Cocker Spaniel,
Doberman Pinscher, Golden Retriever, Siberian Husky,
Labrador Retriever, Neapolitan Mastiff, Pekingese, Rottwei-
ler, Saint Bernard, Shih Tzu, Dachshund, Vizsla, Yorkshire
Terrier, and mongrel), of different parity (43 multiparous
bitches, 32 primiparous, 9 intact females, and there was
no data for the remaining 5), of various ages (between 12
and 168 months), and varying body sizes (between 3 and
65 kg; mean 29.38 kg) with diagnosed clinical or subclini-
cal mastitis. A total of 4% of bitches were in the antepartum
period, 80% were in the postpartum period and 16% were
females with pseudopregnancy. The dogs participated in an
investigation of milk and an assessment of serum C-reactive
protein (CRP) level [published earlier (19)].

Clinical mastitis was considered present if bitches pre-
sented mastitis gangrenosa (n = 1), mastitis acuta (n=12),
mammae congestion (n=3), or galactostasis (n=12). Clini-
cal cases of mastitis were diagnosed based on the presence
of hypothermia, hyperthermia, dehydration, tacky mucous
membranes, delayed capillary refill time, sepsis, overt signs
of mammary illness such as hardened, engorged, painful
mammary glands with or without a modified mammary
gland secretion or with or without natimortality, and failure
of puppies to thrive alongside other assays such as milk pH,
milk cytology, and CRP levels in both milk and serum (19).

Diagnosis of subclinical mastitis cases (n=17) was based
on the history, clinical examination alongside abovemen-
tioned assays.

Mastitis acuta (n = 12), including Mastitis gangrenosa
(n=1), was characterized by the presence of fever (40-41°C)
and hypertrophy of the mammary gland. Moreover, in all
cases, extremely painful, hot, swollen mammary tissues,
anorexia, and pyrexia were observed. Blood examination
revealed neutrophilia with a left shift, alongside elevated
levels of CRP in both milk (6.5 pg/ml) and serum (7.1 pg/
ml) for cases of mastitis acuta. For mastitis gangrenosa
females, milk CRP levels were also elevated in both the
milk (8.0 pg/ml) and serum (113.4 pg/ml) of the tested
samples (19).

Mammae congestion (n = 3) was diagnosed by clinical
evaluation of local signs of mastitis such as painful mam-
mary glands without inflammatory cells, and phagocytosis
on milk smears, alongside an acidic milk pH reaction (below
6.5) and elevated levels of milk (1.7 pg/ml) and serum (11.4
pg/ml) CRP (19).

Galactostasis (n = 12) was diagnosed mainly in females
with pseudopregnancy, which in most cases were asymp-
tomatic and had no signs of infection or other symptoms
compatible with the pathology. It was diagnosed by the
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presence of distended, warm, painful mammary glands
with obstruction of milk flow through the nipples. In all the
cases, milk pH was > 7, even reaching a value up to 9.5,
with elevated values of CRP, in both milk (6.3 pg/ml) and
blood (14.6 ug/ml) (19).

Subclinical cases (n = 12) of mastitis were diagnosed
based on the clinical examination, medical history, and an
additional test that showed the presence of an alkaline pH
(over 7) of milk alongside cytological examination, and
high levels of serum (21.9 pg/ml) and milk (11.3 pg/ml)
CRP (19).

Actotal of 157 milk samples were collected (in the range of
0.5-4 ml for individual samples) from the lactating bitches.
From these samples, 7 (4%) were from dogs at antepartum
period, 127 (81%) were from dogs in their postpartum
period, and 23 (15%) from bitches with pseudopregnancy.

For the antepartum period, milk was collected in the last
week before parturition, while for the postpartum period
milk was harvested between the first and the sixth week
of postpartum. Because it was very difficult for owners to
estimate when galactorrhea started for dams with pseudo-
pregnancy, this data was not recorded.

Milk samples were manually collected in sterile vials
(Nunc™, Waltham, USA), by using sterile gloves after
a thorough cleaning of the mammary glands with 70%
alcohol and rushed to the Infectious Disease Department
at the University of Agricultural Science and Veterinary
Medicine Cluj-Napoca for immediate testing. Samples were
centrifuged for 10 minutes at 2500 rpm. After centrifugation,
from the obtained sediments, milk smears were obtained
by using the “squash” and MGG (E. Merck, Darmstadt,
Germany) techniques (11). Six of the samples were not
interpreted due to dye flaws.

Frequency, prevalence, and its 95% confidence intervals
(CI) of antepartum, postpartum and diagnostics of Lactatio
sine graviditate (lactation without pregnancy) mammary
glands were assessed. The differences were considered
significant if p < 0.05. Data analysis was performed using
Epilnfo 7 software (CDC, USA).

All experimental protocols and procedures were approved
by a local Ethics Committee for Animal Experimentation of
University of Agricultural Science and Veterinary Medicine,
Cluj-Napoca, Romania.

Results and discussion

Cytological differences were observed between
healthy and inflamed mammae. Clinically healthy
mammary glands were characterized by the presence
of somatic cells, accompanied by a high amount of cel-
lular debris, many squamous epithelial cells (Fig. 1),
few neutrophils, macrophages, erythrocytes, and foamy
cells.

In dams with mammae congestion, few numbers of
somatic cells, accompanied by increased numbers of
cellular debris (Fig. 2), few neutrophils, inactivated
macrophages, and epithelial cells were spotted on
milk smears.

In subclinical mastitis, somatic cells were moderate
to high, accompanied by slightly elevated numbers



642

y'l
4 y ¢
. ’
s o -
xi ”
LY
. b ﬁ‘\ e o o'
. »
aw
Cat $ ,
' » 3 .
-* 5 ’ -
b -
r r
t P
3 F L t b ﬁ, »
[ L4

Fig. 1. Presence of many squamouse epithelial cells on a ba-
sophilic background (black arrows) (MGG, x 10)
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Fig. 3. Presence of agglutinated foamy cells on a vacuolar
background (black arrows) (MGG, x 100)
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Fig. S. Presence of many neutrophils (black arrow) and foamy

cells (red arrow) on a basophilic background with discrete
lipid droplets (MGG, x 100)
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of degenerated neutrophils, many foamy (Fig. 3) and
epithelial cells along with activated macrophages,
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Fig. 2. Presence of cellular debris on a basophilic background
(red arrow) with variable sized lipid droplets (black arrow)
(MGG, x 40)
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Fig. 4. Presence of eosinophils (red arrow), erythrocytes and

foamy cells (black arrow) with hemosiderin phagocytosis
(arrow head) (MGG, x 100)
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Fig. 6. Presence of foamy cells (red arrow), erythrocytes and
degenerated neutrophils with bacterial phagocytosis (black
arrow) on an eosinophilic, vacuolar background (MGG, x 100)

bacteria, and phagocytosis. Scattered cellular debris,
erythrocytes, and eosinophils were also encountered.
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Fig. 7. Presence of cluster organised round shaped bacteria
(black arrow) on a milk smear from a septic mammary gland
(MGG, x 100)

Episodes of galactostasis were characterized by the
presence of somatic cells. On milk smears, epithelial
cells, eosinophils (Fig. 4), activated macrophages,
foamy cells, and degenerated neutrophils, accompa-
nied by bacteria and phagocytosis, were the dominant
features. Cellular debris and erythrocytes had also
been identified.

Episodes of mastitis acuta (including mastitis gan-
grenosa) were characterized by an increased number of
foamy cells, degenerated neutrophils (Fig. 5), cellular
debris, and bacteria accompanied by phagocytosis
(Figs 6-8). The presence of small numbers of activated
macrophages, eosinophils, and erythrocytes were also
encountered.

The diagnostic prevalence, ac-
cording to each specific lactation
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Fig. 8. Presence of erythrocytes (red arrow), cell debris and
many rod-shaped or round bacteria (black arrows) in a milk
sample from a septic mammary gland (MGG, x 100)

In the ante-partum period 57% (4/7, C1 95%: 18.41-
-90.10) of the tested samples were from healthy mam-
mary glands, 29% (2/7, CI 95%: 3.67-70.96) were
diagnosed with mastitis acuta while 14% (1/7, C195%:
0.36-57.87) of the tested mammae were with retention
mastitis (Tab. 1).

From females with the postpartum period, 52%
(66/127, C195%: 42.93%-60.91%) of the tested mam-
mary glands were clinically healthy, 22% (28/127, CI
95%: 15.18-30.26) were diagnosed with subclinical
mastitis, 13% (17/127, CI 95%: 8.00-20.56) were
diagnosed with mastitis acuta, 5% (6/127, CI 95%:
1.75-10.00) were diagnosed with retention mastitis,

Tab. 1. Bitch mastitis diagnostic prevalence according to each specific lactation period
with 95% confidence intervals (CI) in 157 mammary glands from 89 lactating dams

period with 95% Clin 157 mam- | .o - Lactation period

mary glands from 89 lactatlng gland health Ante-partum Post-partum Lactatio sine graviditate
dal’(l’;ls,l Wa;s 1?019ded in Table t} : staus n, (%) 95% Cl n, (%) 95% Cl n, (%) 959% Cl
querilt ‘ircl %; rfl‘; ’1“; SW;?tﬁng;Zu ég: HM 4(57) | 18.41-90.10 | ©6(52) | 42.93-60.91 | 2(9) | 1.070-28.04
pregnancy (65%) than in post- mc 5(4) 0.86-7.87

partum (5%) and antepartum SM 28 (22) 15.18-30.26 1(4) 0.11-21.95
(14%) bitches. Mastitis acuta was | MA 2(29) 3.67-70.96 17(13) | 8.00-20.56 3(13) 2.78-33.59
encountered in the same propor- | yg 1(1) 0.02-4.31

?103“02 )maltl’gﬂ; g’sst;‘zdr(t’g:%r%%%’ RM 1(14) | 0.36-57.87 6(5) 1.75-10.00 | 15(65) | 42.7-83.63
dams, but in a higher propor- I 4(3) 0.86-7.87 2(9) 1.07-28.04
tion (29%) in females at their [ Overall 7(4) 127 (81) 23(19)

antepartum period. Subclinical
episodes were more frequent in
females with postpartum (22%)
than in females with Lactatio
sine graviditate (4%). In females
in their antepartum (57%) and
postpartum (52%) period, more
healthy mammary glands were
found then in dams with pseudo-
pregnancy (9%).

Explanations: HM = healthy mammary glands, MC = mammary congestion, SM = subcli-
nical mastitis, MA = mastitis acuta, MG = mastitis gangrenosa, RM = retention mastitis,
I = inappropriate, n, = number of lactating mammary glands. In the ante-partum period,
the highest percentage of acute mastitis (29%) was found, followed by retention mastitis
(14%), the remaining (57%) mammary glands were healthy. In the post-partum period the
highest percentage of subclinical mastitis (22%) was found, followed by acute mastitis
(13%), retention mastitis (5%) mammary congestion (4%) and finally gangrenous mastitis
(1%), the rest of the mammary glands (52%) were healthy. In females with Lactatio sine
graviditate, the highest percentage of mammary gland inflammatory pathology was repre-
sented by retention mastitis (65%) followed by acute mastitis (13%) and subclinical mastitis
(4%), while in this category, a list of healthy mammary glands (9%) were encountered.
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4% (5/127, C1 95%: 1.29-8.95) were

diagnosed with mammary congestion,
3% (4/127, CI 95%: 0.86%-7.87%)
of the samples were inappropriate for
interpretation, and only 1% (1/127, CI
95%: 0.02-4.31) of the tested mam-
mary glands were diagnosed with
mastitis gangrenosa (Tab. 1).

From dams with Lactatio sine gra-
viditate, 65% (15/23, C1 95%: 42.7-
-83.63) were diagnosed with retention

M Antepartum 65%
B Postpartum
B Lactatio sine graviditate

mastitis, 13% (3/23, CI 95%: 2.78-
-33.59) were diagnosed with mastitis
acuta, 4% (1/23, C195%: 0.11-21.95)
were diagnosed with subclinical mastitis, 9% (2/23, C1
95%: 1.07-28.04) were inappropriate for interpretation,
and only 9% (2/23, CI 95%: 1.07-28.04) of the tested
mammary glands were clinically healthy (Tab. 1).

In bitches, the lactation period has great influence on
the different types of mammary gland inflammations
(p <0.05) (Fig. 9).

Diagnosing canine mastitis is of high clinical impor-
tance, since it may lead to sepsis in lactating females
(1). Even though in the past years (3, 19) efforts have
been made to find a non invasive method to diagnose
mastitis episodes in bitches early, for a quick diagnos-
tics cytology is still the primary tool available for phy-
sicians (15). As the Romanowsky-type stains are rapid
and easy to perform, they have widely spread among
practitioners, based on their daily use, and thereby they
have become a quick and precise diagnostic tool (11).
Quite recently, milk cytology was used to differenti-
ate mammary gland lesions, whether inflammatory,
hyperplastic or neoplastic type (15).

In our study it was shown that during the inflamma-
tion of glandula mammae in female dogs macrophages
and lymphocytes were noticed in milk smears. These
results were similar to our previous study where milk
cytology assays showed the presence of inflammatory
cells of a bitch in the course of mastitis acuta (20). The
presence of inflammatory cells like macrophages and
lymphocytes highlights the important role of these cells
in the local defense mechanisms (13). Macrophages
and lymphocytes are predominant in the canine mam-
mae, constituting a resident cell population in the
mucosa and they also participate in the removal of fat
droplets and protein micelles (13). According to some
authors (4), bitch milk cytology lacks any clinical
significance. This hypothesis is in contrast with other
authors, whose findings show that milk cell count in-
creases during bitch mammary gland inflammations
(16). Furthermore, experimental papers (21) showed
that 12 h after bacterial challenge, neutrophils and ac-
tivated macrophages are spotted on milk smears, while
somatic cell counts stay high throughout lactation. In
milk from mammary glands of control animals, the
values of inflammatory cells were also increased 12 h
after challenge (21).

Fig. 9. Mammary gland diagnostic prevalence during postpartum period
Explanations: as in Tab. 1.

Moreover, degenerated neutrophils with engulfed
bacteria were also noticed in our study in the course
of septic mastitis. These results were similar with
the studies performed by Olson and Sangha (12,
15). Foamy cells and reduced numbers of segmented
neutrophils were also present in the milk of healthy
mammary glands (12). Numerous degenerated neu-
trophils, scattered ductal cells, and necrotic material
have been found on milk smears in human specimens,
as a response to the breast inflammation (7).

Eosinophils have been noted in cases of infrequently
milked mammary glands (12) and parasitical mam-
mary infections (9). In our study, eosinophils were
consistently encountered in smears from mammary
glands with retention mastitis. They were also spot-
ted in a few cases of subclinical mastitis and mastitis
acuta episodes. Clinical presentation of the bitch (i.e.,
presence of Lactatio sine graviditate) alongside the
presence of eosinophils on milk smears are key fea-
tures in differentiating the subclinical from retention
mastitis episodes.

The presence of bacteria on milk smears from
healthy mammary glands may have resulted from skin
contamination, unless germs were accompanied by
phagocytosis and an increased number of degenerated
neutrophils (12). Martin et al. proved that lactobacilli
are part of the normal canine milk flora, and thus ex-
plained the lack of any inflammatory response on some
smears where bacteria were spotted (10).

Our results contradiction the findings of Jung et al.
for postpartum mastitis acuta and pseudopregnancy
dams, as well as for subclinical mastitis episodes
from females with pseudopregnancy. These authors
indicate higher percentages for these mastitis episodes.
However, for antepartum mastitis acuta and Lactatio
sine graviditate subclinical mastitis cases (6), the ob-
tained results in previous studies were the same as in
this present study. In cases of milk retention, or unusual
engorgement of mammary glands with milk, as seen
in cows (17), bitches become sensitized to the casein
from their own milk. An increased pressure in the mam-
mary gland will result in prolonged contact of casein
with the blood stream (17), and thus will stimulate the
production of biogenic amines such as histamine and
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serotonin and the chemotactic eosinophilic factor by
basophils and mast cells, generating a type I hypersen-
sitivity reaction (2). These mechanisms can explain
the presence of eosinophils in undrained mammary
glands (galactostasis) such as pseudopregnancy, reten-
tion mastitis, and infrequently milked mammae due to
small litters. In such cases, bitch mammae might suffer
a type I local hypersensitivity.

Mammary congestion, which has also been mistaken
for agalactia, should also be accounted into differential
diagnosis of mastitis, since this condition often occurs
in mothers that are excellent heavy milk producers.
Because of sudden copious production of milk at first
letdown, especially in the inguinal mammary glands,
the glandular tissue gets heavily congested. In such
cases, there is no evidence of milk bacterial pathogens
and the mammae are warm and painful with transient
hypothermia. Failure to recognize and deal with mam-
mary congestion results either in drying off the most
heavily producing glands with consequent lactation
loss or in a second bacterial invasion causing mastitis
(5).

In order to avoid indiscriminate use of antibiot-
ics, treatment should at least be based on an initial
cytological examination of milk samples from af-
fected mammary glands (8). Cytology should still be
interpreted with caution, because of the low numbers
of polymorphonuclear leukocytes that are normally
found on milk smears from healthy mammary glands.
However, a large number of degenerated neutrophils
with engulfed bacteria are consistent with infection
(12). Because apoptotic bodies (14) and lactobacilli are
normally found in canine milk (10), efforts should be
made to differentiate between self and non-self cells.

In conclusion, the obtained data from the pres-
ent study suggest that cytological evaluation of milk
could be quite helpful in diagnosing mammary gland
inflammations. It can also help clinicians to confirm
the presence of clinical mastitis, and avoid agalactia
in the most developed mammary glands, as well as
secondary bacterial infections in infrequently milked
mammary glands.
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