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Abstract: Pet lovers and breeders are very

much interested to know whether their bitches
are pregnant following planned mating at an

early stage. The traditional methods like
abdominal palpation , X-ray and recently

ultrasound are commonly used for pregnancy
diagnosis in bitches with certain limitations.

Hence the biochemical test is the need of the
hour to overcome the limitations of the other

methods. The aim of this study was to verify
acute phase protein (APP) profile variation as

a consequence of generalized inflammatory
reaction due to embryonic endometrial

invasion and use this for early pregnancy
diagnosis. Sixty one bitches were grouped as

Group I (control, n=7), II (pseudopregnant,
n=7), III (pregnant, n=7) and IV (test group,

n=40), respectively. Blood was collected on
day 0, 7, 14, 21, 28, 35 and 42 days post

mating to assess selective acute phase proteins
[C-reactive protein (CRP) and fibrinogen]. In

group IV, pregnancy was assessed by
abdominal palpation and by estimating CRP

and fibrinogen between 21 and 45 days post
mating. A midgestational acute phase

response (APR) was confirmed in this study.  It
was found that canine CRP can be used to

diagnose pregnancy from 21 to 45 days post
mating, while the pseudopregnant and control
groups did not show any such variation during

that period. Fibrinogen values did not show
any change in control and pseudopregnant

groups but in pregnant bitches there was an
insignificant rise observed on day 14 and it

reached peak at day 21 and started declining
thereafter. This increase in acute phase

proteins (APPs) and the timing of the response
could possibly coincide with the implantation

of the embryo which occurs in bitches at about

20 days of gestation. The same was confirmed
with clinical trial group (Group IV).
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INTRODUCTION
Early pregnancy diagnosis in

bitches has special relevance for adequate
medical assistance to assure normal
gestation, diagnosis of abortion or
embryonic resorption, undesirable
pregnancy interruption and dog owners
wishing to assure medical assistance
during parturition and to program
participation of females in dog shows.
Further, embryonic loss is in general
difficult to pinpoint due to the lack of a
technique for early pregnancy diagnosis.
Cases of embryonic resorption are
clinically undetectable. Therefore, without
an early pregnancy diagnosis, abortion and
embryonic resorption can be incorrectly
diagnosed in a bitch that in fact had not
been pregnant. C-reactive protein (CRP)
and fibrinogen concentrations are at
present utilized as a canine pregnancy test
available (Evans and Anderton, 1992 and
Eckersall et al., 1993). Two peaks of
plasma fibrinogen were detected in
pregnant bitches: one in mid-gestation and
the other, during the whelping period
(Gentry and Liptrap, 1981). No alterations
were verified for non-pregnant bitches.
The concentration increase of one of these
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proteins could happen earlier in gestation,
making an early pregnancy diagnosis
possible. The aim of this study was to
evaluate the APP profile (CRP and
fibrinogen) in pregnant, pseudopregnant
and non-pregnant bitches and to verify
how this profile could be applied for an
early pregnancy diagnosis.

MATERIALSANDMETHODS
Experimental groups

A total of 61 pedigree bitches of
various breeds aged 1 to 5 years, weighing
10-30 kgs brought to Madras Veterinary
College Teaching Hospital Complex were
used for this study. Among these 21
bitches were equally divided in to three
groups viz. Group 1 (Control - bitches
showed only heat signs but not mated),
Group 2 (Pseudopregnant - bitches mated
but later exhibited overt signs of
pseudopregnancy) and Group 3 (Pregnant -
bitches mated and confirmed as pregnant).
The last group, Group 4 (Test group) - In
this group 40 bitches were subjected to
random, single sampling, between 21 and
45 days of post mating. In test group, three
methods viz. abdominal palpation,
fibrinogen assay, CRP detection were used
on all the animals to diagnose pregnancy

Blood collection
In first 3 groups, blood was

collected during 0, 7, 14, 21, 28, 35 and 42
days post mating from cephalic/recurrent
tarsal vein. In the fourth group, single
sample was collected between 21 to 45
days of post mating.  Of the 5 ml of blood
drawn, 2 ml were placed in a vacuum tube
containing EDTA as anticoagulant for the
estimation of fibrinogen, which was
performed within 24 h of collection. The

remainder of blood samples was allowed
to clot at room temperature into the
evacuated tubes without anticoagulant and
centrifuged for 10 min at 1500xg. The
serum was drawn off and stored at −20°C
until analysis of CRP.

Acute phase protein assays
The qualitative assay for canine CRP

was carried out by immunodiffusion
technique (Ouchterlony, 1948) Plasma
fibrinogen level was estimated by sodium
sulphite precipitation method (Wooton, 1964).

Statistical analysis
The data collected were

statistically analyzed and comparison of
means between groups and between
groups and their interaction has been
carried out with the help of critical
difference whenever F is found to be
significant (Snedecor and Cochran, 1994).

RESULTSANDDISCUSSION
In the analysis of CRP, the

pregnant group samples collected during 0,
7 and 14 did not show any precipitin lines
after incubation but samples from day 21,
28 and 35 showed precipitin lines. The
control and pseudopregnant group did not
show any precipitin lines (Table 1).
Table 1: Detection of canine C-reactive protein by
immunodiffusion in control, pseudopregnant and
pregnant groups in bitches

Days of
observation

Control
(n=7)

Pseudopregnant
(n=7)

Pregnant
(n=7)

0 day (-) (-) (-)
7th day (-) (-) (-)

14th  day (-) (-) (-)
21st day (-) (-) (+)
28th day (-) (-) (+)
35th day (-) (-) (+)

Figures in parenthesis denote number of
observations

The mean± SE value of plasma fibrinogen level for all groups is given in table 2.
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Table 2: Mean±SE and statistical analysis of plasma fibrinogen levels in control,
pseudopregnant and pregnant groups in bitches

Days of
observation

Mean±SE plasma fibrinogen (mgm/dl)
Control (n=7) Pseudopregnant

(n=7)
Pregnant

(n=7)
Day mean

0 day 158.00±26.29 159.29±26.70 172.86±25.38 161.05±14.47
7th day 160.71±25.03 156.00±18.31 177.57±26.43 164.76±13.01
14th  day 161.14±27.47 156.14±19.75 205.00±26.02 174.00±13.84
21st day 165.42±24.30 160.71±19.89 636.57±72.15 320.90±55.82
28th day 168.71±21.32 161.43±16.68 508.43±59.77 279.52±41.76
35th day 169.00±18.51 161.14±16.76 416.86±62.33 249.00±34.03
42nd day 169.29±17.28 160.86±17.42 261.86±23.28 197.24±14.80
Group mean 164.29±17.28 158.37±6.89 339.84±29.21
**: Highly significant (P<0.01)
Figures in parenthesis denote number of observations

The mean fibrinogen values
(mgm/dl) of pregnant group
(339.84±29.21) showed highly significant
(P<0.01) variation compared to control
group (164.61±7.97) and pseudopregnant
group (158.37±6.89), even though these
groups did not differ significantly between
them. The day mean observed for
fibrinogen values on day 21
(320.90±55.82) did not show any
significant difference over the value of day
28 (279.52±41.76), but the values on day
21 showed a high significant variation
(P<0.01) over the values recorded on other
days. Similarly observation on day 28 did
not differed with day 35 but showed
significance over other values. The values
on day 35 did not differed with day 42 but
showed significant (P<0.01) variation on
day 0, 7 and 14. The values on day 0, 7, 14
and 42 did not show any significant
variation between them.

On observing the interaction within
the control and pseudopregnant group, the
fibrinogen values did not show any

significant variation between them
(P>0.01). The mean value recorded on day
21 in the pregnant group (636.57±72.15)
showed high significance (P<0.01) over
the values of other days. The mean values
of day 28 and 35 did not show any
significant variation between them but
showed significant variation over other
values. The values of day 42, 0, 7 and 14
did not differ significantly between them.
Interaction between the three groups on
day 0, 7 and 14 showed no significant
variation (P>0.01). Increasing fibrinogen
values on day 21, 28, 35 and 42 in
pregnant group showed high significant
variation (P<0.01) over control and
pseudopregnant groups, whereas no
significant variation (P>0.01) noticed
among control and pseudopregnant groups
on these days. This clearly illustrated the
significance of fibrinogen values between
day 21 and 28. The statistical analysis of
plasma fibrinogen values showed highly
significant difference (P<0.01) for groups,
days and interaction.

The results of the clinical trial conducted in Group IV animals are presented in Table 3.
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Table 3:Clinical trial results conducted in test group
Days
after

mating
No. of

samples

Abdominal Palpation Fibrinogen assay CRP detection
Whelped+ve Accuracy

%
-

ve
Error

%
+ve Accuracy

%
-

ve
Error

%
+ve Accuracy

%
-

ve
Error

%
<20 1 - - - 100 - - - 100 - - - 100 1

21-27 13 5 56 8 44 9 100 - - 9 100 4 - 9

28-35 18 9 69 9 31 10 77 8 23 13 100 5 - 13

36-42 6 2 40 4 60 2 40 4 60 4 80 2 20 5

>42 2 1 50 1 50 1 50 - 50 - - 2 100 2

Total number of bitches screened (n) = 40
Only one animal was reported for

diagnosis in less than 20 days of post
mating, which could not be diagnosed by
any method. Between 21 and 27 days and
28 and 35 days of post mating the positive
diagnosis by abdominal palpation,
fibrinogen assay and CRP detection were
56, 100 and 100 per cent and 69, 77 and
100 per cent, respectively.  Similarly,
between 36 and 42 days of mating, 40, 40
and 80 per cent accuracy was recorded for
abdominal palpation, fibrinogen assay and
CRP detection, respectively.  Out of the
two bitches brought after 42 days of post
mating, 50% per cent accuracy was
observed for both abdominal palpation and
fibrinogen assay and whereas 100 per cent
error in CRP detection was recorded.

Early pregnancy diagnosis in
bitches is one of the present challenges for
a small animal gynaecologist. Scientists
are focusing their research to identify
organic substances synthesized during
gestation period either produced by the
developing embryo or resulting from
embryonic interactions. Around the 16th
day post LH peak, blastocysts freely
migrate to the uterine horns, where the
zona pellucida is shed and equidistant
implantation sites are determined
(Concannon et al., 1989 and Verstegen
et al., 1996). Subsequently endometrial
cytokines are produced, leading to a

generalized inflammatory reaction
(Eckersall et al., 1993 and Robertson
et al., 1994). Synthesis of certain plasma
proteins occurs due to hepatocyte stimulus
by acute inflammatory response mediators
(Gruys, 1994).  In the present study,
selected acute-phase proteins (plasma
fibrinogen and CRP) were monitored
during gestation, pseudopregant and
control (non-pregnant) group. In general,
results showed increased concentration of
these proteins during embryonic
implantation and placentary development
periods for the CRP (Eckersall et al.,
1993).

CRP is a prototypical, species
specific, most sensitive canine APP in
bitches from 21st to 35th day of gestation
and the absence of same in non-pregnant
and pseudopregnant bitches. But there is a
rise in CRP to peak levels on various days
but not prior to 17 days after ovulation
(Evans and Anderton, 1992). Since
implantation days are prone for variability,
the peak CRP rise can occur on different
dates. The day 21 has been fixed in the
present study since we presume in most of
the bitches implantation have been
completed by 21 days post mating. The
reason for appearance or production of
CRP could be due to tissue damage at the
time of implantation resulting in initiation
of APP production (Eckersall et al., 1993).
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Since CRP is considered to be marker of
inflammation in dogs and its presence can
be felt only in inflammatory conditions,
the presence of CRP in the declining
phases observed between 28 and 35 days
suggest that the bitches would have
experienced an inflammatory reaction ie.
implantation. Appearance of CRP without
leucocytes signifies only mild, non-
infectious inflammation which could be
experienced in pregnant animals during
implantation discussed earlier in the
present study. Hence, it can be inferred in
the present study that the appearance of
CRP signifies inflammation and its
absence could signify vice-versa. Even by
taking into consideration the false
positives CRP could predict an accurate
negative result with more precision.

Gestation could be diagnosed from
third week (21st day) of pregnancy with
fibrinogen concentration of 636.57±72.15
mg/dl; however the value further reducing
during subsequent weeks but not to the
level of first two weeks of gestation. In
contrast to this study, fibrinogen peak was
observed at 28 (Gentry and Liptrap, 1981)
and 30 days (Eckersall et al., 1993) of
gestation by few scientists. However the
pattern of rise and fall of fibrinogen levels
was concurred with the same reports
reports (Eckersall et al., 1993 and Gentry
and Liptrap, 1981). A mild insignificant
rise in the fibrinogen level observed as
early as 14 days of gestation in the present
study was in concurrence with the findings
of (Evans and Anderton, 1992).

The rise in the fibrinogen levels
could be attributed to the APR initiated by
17-19 days after LH peak (Kuniyuki and
Hughes, 1992) and 21 days after ovulation
(Harvey, 1991). The difference in

fibrinogen peak observed in different
works may be attributed to the pro-
inflammatory cytokines in the
endometrium as early as 16-18 days after
LH peak (Kuniyuki and Hughes, 1992).
The present study showed a positive
correlation between the litter size and
fibrinogen level which could be attributed
to the variation in the degree of tissue
damage as reflected by the litter size in in
Rabbits (Kushner et al., 1989) and in
bitches (Eckersall et al., 1993).

To confirm the use of CRP and
fibrinogen values in early pregnancy
diagnosis the clinical trial was conducted.
The abdominal palpation yields better
results during 28 to 35 days post mating.
Fibrinogen gave 100 per cent accuracy
between 21 and 28 days post mating while
CRP showed 100 per cent accuracy
between 21 and 35 days post mating.

CONCLUSION
Finally from this study, it was

found that there will be a midgestational
increase in APPs could be found during
pregnancy in bitches. It was found that
canine CRP can be used to diagnose
pregnancy from 21 to 35 days post mating,
while the pseudopregnant and control
groups did not show any such variation
during that period. Fibrinogen values did
not show any change in control and
pseudopregnant groups but in pregnant
bitches there was an insignificant rise
observed on day 14 and it reached peak at
day 21 and started declining thereafter.
This increase in APP and the timing of the
response could possibly coincide with the
implantation of the embryo which occurs
in bitches at about 20 days of gestation
(Eckersall et al., 1993 and Thatcher et al.,
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1994). Further the increase in APP could
also be attributed to a rise in CRP and
fibrinogen levels mediated by pro-
inflammatory cytokines released from
lecucocytes at the site of inflammation or
tissue damage which activate hepatocytes
in the liver to produce and release APP
into the circulation (Eckersall et al., 1993
and Sehgal et al., 1989).
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