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Abstract: A pretreatment albumin (ALB)-to-globulin (GLB) ratio (AGR) with a predictive
significance has been used as an indispensable marker among cancer types for recurrence and
prognosis in human patients. This study aims to determine whether the pretreatment AGR and total
calcium (tCa), magnesium (Mg), ionised phosphorus (iP), total protein (TP), and haematology
parameters as bedside markers differs in dogs with naturally occurring parvovirus infection (PVI).
Fourteen client-owned dogs aged 2-8 months that were naturally infected with parvovirus (PV)
were enrolled as the study group. Seven client-owned, healthy dogs of the same age formed the
control group. Pretreatment mean complete blood counts, serum tCa, Mg, iP, TP, ALB, globulin
GLB and AGR values, were compared between groups. The pretreatment mean WBC, NEU, LYM,
EOS, GLB, and TP levels were found to be significantly lower (P < 0.05) in the study group, when
compared to the control group. On the other hand, pretreatment AGR with iP was found to be
statistically higher (P < 0.05) in the study group, when compared to the control group. There was a
significant positive correlation between mean serum GLB and WBC levels in the current study. A
significant positive correlation between mean serum TP and WBC levels was also found. This
preliminary study demonstrates that pretreatment serum GLB levels and the AGR as easy,
inexpensive, objective, and non-invasive biomarkers could be the new prognostic marker
candidates in dogs with naturally occurring PV1.

Keywords: Albumin-to-globulin ratio, canine, globulin, parvovirus, prognostic marker candidate.
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Globuline Oraninin Degerlendirilmesi

Oz: Tedavi 6ncesi albiiminin (ALB) globiiline (GLB) oran1 (AGO) gesitli kanser vakalarinin niiks
ve prognozunun degerlendirilmesinde prediktif dneme sahip ve vazgecilmez bir belirtegtir. Mevcut
caligmanin amaci ise tedavi Oncesi basucu belirteclerinden AGO ile total kalsiyum (tCa),
magnezyum (Mg), iyonize fosfor (iP), total protein (TP) ve hematolojik belirteglerin dogal olarak
parvovirus enfeksiyonu (PVE) sekillenen kdpeklerde degisip degismediginin belirlenmesidir. On
dort adet yaglar1 2 ila 8 aylik arasinda degisen, dogal parvovirus (PV) ile enfekte kdpek caligma
grubunu olusturmustur. Yedi adet, ayni yas araliginda saglikli ve sahipli kopek ise kontrol grubunu
olusturmustur. Tedavi 6ncesi ortalama total kan sayimi, serum tCa, Mg, iP, TP, ALB, GLB ve AGO
degerleri gruplar arasinda karsilastirilmistir. Tedavi 6ncesi kontrol grubu WBC, NEU, LYM, EOS,
GLB ve TP seviyelerinin kontrol grubuna gore istatiksel (P < 0.05) olarak diisiik oldugu tespit
edilmistir. Diger taraftan ¢alisma grubunun tedavi 6ncesi AGO ile iP degerleri kontrol grubuna gére
istatiksel olarak (P <0.05) yiiksek bulunmustur. Serum GLB ile WBC degerleri arasinda ise mevcut
calismada pozitif bir korelasyon bulunmustur. TP ile WBC degerleri arasinda ise giiglii bir
korelasyon tespit edilmistir. Bu oncii ¢alisma ile tedavi oncesi GLB ile AGO degerlerinin,
maliyetsiz, objektif ve non-invazif biyobelirtecler olarak dogal PVE sekillenen kopeklerde yeni
prognostik belirteg adaylar1 olabilecegi ortaya konulmustur.

Anahtar kelimeler: Albuminin globuline orani, globulin, kanin, parvovirus, prognostik belirteg
aday1.
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INTRODUCTION

Parvovirus (PV), which first emerged in the mid-
1970s, is an important infectious disease with high
morbidity and mortality, especially in dogs younger than 6
months, and has remained as a major enteric pathogen
worldwide (Appel et al., 1978; McCaw et al., 2006). The
characteristic signs of parvovirus infection (PVI) in dogs
include haemorrhagic diarrhoea, vomiting, loss of appetite,
lethargy, fever, severe dehydration, sudden collapse, and
death (Goddard & Leisewitz, 2010; Yilmaz & Senturk,
2007). There are factors, including the host, pathogen,
secondary infections, underlying  stressors and
environment that affect the severity and outcome of PVI in
dogs. However, it has been reported that the chances of
death are higher in PV-infected dogs who have evidence of
systemic inflammation at the time of admission, compared
with those who do not (Kalli et al., 2010). Numerous
clinicopathologic biomarkers, including haematology
(Goddard et al., 2008), coagulation (Otto et al., 2000) and
serum biochemistry (Kalli et al., 2010; McClure et al.,
2013; Yilmaz & Senturk, 2007) have been introduced as
prognosticators in dogs naturally infected with PV,
especially for predicting survival and duration of
hospitalisation. The availability of several predictors may
help the clinician identify patients at a high risk of death
and assist in decision making when discussing treatment
options or euthanasia with clients (Schoeman et al., 2013).

The determination of the serum total protein (TP)
level is a main assessment tool in general biochemistry and
is routine in daily clinical veterinary practice (Tothova et
al., 2016). The assessment of serum protein differences
over the duration of a disease is fundamental for their use
as valid biomarkers (Okutucu et al., 2007). Serum proteins
can be separated into four main fractions—albumin (ALB),
a-, B-, and y-globulins—based on their electrophoresis
(Bossuyt, 2006); these fractions display significant
differences in domestic animals. ALB, o1-, az-, f1-, B2-, and
v-globulins are the determined fractions in healthy dogs
(Abate et al., 2000). ALB and globulin (GLB) represent
the two major reflector constituents of serum proteins that
have roles in systemic inflammation in animals (Kaneko,
1997). ALB is the most important—negative acute-phase
protein found in serum and constitutes 35-50% of the TP
(Kaneko, 1997). Increased serum GLB levels may show a
chronic inflammatory response and cumulative exposure to
different inflammatory cytokines (Sugimoto et al., 2012).
Alterations in serum GLB levels are associated with
changes in its fractions, and alterations in the concentration
of ALB and GLD lead to changes in the albumin-to-
globulin ratio (AGR), which provides a systematic
approach to the interpretation of protein dyscrasias
(Eckersall et al., 2008).
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Therefore, determination of serum TP panels with
individual fractions provides an excellent basis for
probable diagnosis and for additional examination of the
patient (Eckersall et al., 2008). Recently, pretreatment
AGR with a prognostic significance has been used as an
indispensable marker among various cancer types for
recurrence and prognosis in human patients (Chen et al.,
2017; He et al., 2017; Lin et al., 2017). A higher AGR
reflects the underproduction of globulins and provides
significant information about the alterations in the
electrophoretic pattern with classifying disruption of
protein fractions (Alberghina et al., 2011). AGR
measurement is inexpensive, easy to test for, and a
standardised evaluation criterion in numerous diseases
worldwide (Zhou et al., 2016). None of the common
bedside blood serum biochemistry panels have yet been
able to predict survival, outcome, or DOH in dogs naturally
infected with PV (Mann et al., 1998).

However, the acute response of pretreatment GLB
levels and the AGR in dogs naturally infected with PV has
not yet been investigated. Thus, the determination of GLB
levels and the AGR may provide important prognostic
value for dogs naturally infected with PV. Therefore, our
primary interest in the current study is to determine
whether pretreatment serum GLB levels and the AGR, as
bedside markers, differ in dogs naturally infected with PV
from healthy dogs.

MATERIAL AND METHOD

Research Material: Twenty-one client-owned
dogs, 2-8 months of age, of any breed and either sex,
brought to the Veterinary Teaching Hospital from April
2017-May 2018 were enrolled in the current study.
Fourteen dogs naturally infected with PV—diagnosed
based on the positive result of a rapid detection kit (ASAN
Easy Test®) for PV antigens in facces—were placed in the
study group. None of the 7 healthy dogs had any clinical
sign of PVI, or other diseases, prior to the sampling. The
healthy dogs had been brought into the clinic by clients for
general examinations and routine blood checks. The
healthy dogs formed the control group. Data from the
complete blood count of the dogs including signalment,
result of rapid detection kit for PVI obtained from the
medical records. This study was approved by the Local
Ethical Committee for Animal Studies (certificate no.
2016/64). The dogs naturally infected with PV were treated
according to a standard protocol reported by Hoskins
(1998).

Procedures: Venous blood was taken from the
cephalic vein of each dog in the study at the time of
admission to the Veterinary Teaching Hospital, with 2 ml
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evacuated into a plain additive tube with K3 EDTA (7.5%
0.040 ml) and 5 ml into a vacutainer without anticoagulant,
for biochemical analysis. The 5 ml sample was centrifuged
at 3000g for 10 minutes at room temperature. Serum
samples were separated and stored at -80°C until analysis.
Complete blood count analysis was performed by a BC-
5000 Vet Auto Haematology Analyzer Mindray®, and
results were recorded. Serum tCa, Mg, iP, ALB, and TP
values were measured using a BS 120 Chemistry Analyzer
Mindray®. GLB was calculated using the equation GLB =
TP - ALB. The AGR was calculated using the equation
AGR = ALB / GLB.

Statistical Analysis: The complete blood count
(NEU, LYM, MONO, EOS, BAS, NEU%, LY%,
MONQO%, EOS%, BAS%, RBC, HGB, HCT, MCV, MCH,
MCHC, RDW-CV, RDW-SD, PLT, PCT, MPV, and
PDW); serum tCa, Mg, iP, ALB, GLB, and TP; and the
AGR were the analysed parameters. The resulting datasets
were analysed for normality using the Shapiro-Wilk test.
The Student-t test was used for the parameters that showed
normality. The Mann-Whitney U test was used for the
variables that did not show normality. Pearson's correlation
coefficients were calculated to determine whether serum
TP and GLB concentrations and the AGR were linearly
associated with WBC and LYM values. All comparisons
were considered statistically significant when P < 0.05.

RESULTS AND DISCUSSION

The mean WBC of the study group (7.569 x 10°/
L) was found to be statistically (P = 0.000) lower than the
mean WBC of the control group (15.636 x 10°/ L). There
were significant differences (P = 0.000) found in the mean
NEU and LYM (P = 0.013) levels of the study group versus
the control group (Figure 1). On the other hand, mean
MON, EOS, BAS, MONO%, MCV, and MCH levels not
showed normality. The Mann-Whitney U test performed to
the mean MON, EOS, BAS, MONO%, MCV, and MCH
levels. Only the mean EOS level in the study group was
found to be statistically significant (P = 0.006), when
compared to the control group (Figure 1).

Of the serum biochemistry variables, only the
serum iP level showed normality. Same as the Mann-
Whitney U test performed for analysing mean serum iP
levels. The mean serum iP level in the study group was also
found to be statistically higher (P = 0.044), when compared
to the control group (Figure 2).

Mean serum GLB (P = 0.001) and TP (P = 0.003)
levels were found to be statistically lower than control
levels (Figure 3). The mean serum AGR in the study group
(0.64) was found to be statistically higher (P = 0.012) than
the control mean serum AGR (0.50) (Figure 3).
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Figure 1. Box-and-whiskers plot of pretreatment WBC, NEU,
LYM, and EOS values in dogs with infected PV (blue boxes) or
healthy controls (red boxes). The box incorporates the middle
50% of observation; the bottom of the box is the first quartile (25™
percentile) and the top of the box is the third quartile (75%
percentile). The horizontal line in the middle of the box is the
median (50™ percentile). The cross within each box represents the
mean value. The whiskers extend to the smallest and largest
observations that are 1.5 times removed from the interquartile
range are plotted separately as dots.

*Significant difference between dogs with study and control
group, P <0.05.
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Figure 2. Box-and-whiskers plot of pretreatment serum tCa, Mg,
and iP levels in dogs with infected PV (orange boxes) or healthy
controls (green boxes). The box incorporates the middle 50% of
observation; the bottom of the box is the first quartile (25%
percentile) and the top of the box is the third quartile (75%
percentile). The horizontal line in the middle of the box is the
median (50th percentile). The cross within each box represents
the mean value. The whiskers extend to the smallest and largest
observations that are 1.5 times removed from the interquartile
range are plotted separately as dots.

*Significant difference between dogs with study and control
group, P <0.05.
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Figure 3. Box-and-whiskers plot of pretreatment serum ALB,
GLB, TP and AGR values in dogs with infected PV (purple
boxes) or healthy controls (turquoise boxes). The box
incorporates the middle 50% of observation; the bottom of the
box is the first quartile (25" percentile) and the top of the box is
the third quartile (75™ percentile). The horizontal line in the
middle of the box is the median (50™ percentile). The cross within
each box represents the mean value. The whiskers extend to the
smallest and largest observations that are 1.5 times removed from
the interquartile range are plotted separately as dots.

*Significant difference between dogs with study and control
group, P < 0.05.

In addition, a positive significant correlation (P <
0.05) between serum TP and WBC was found (Table 1). A
positive significant correlation (P < 0.05) was also found
between serum GLB and WBC levels (Table 1).

Table 1. Pearson correlations of mean TP, GLB, AGR, WBC, and
LYM values.

TP GLB AGR WBC LYM
Pearson Correlation 1 .951" -.616™ .554™ .303
TP Sig. (2-tailed) .000 .003 .009 .181
N 21 21 21 21 21
Pearson Correlation 951" 1 -.822™ 463" .213
GLB  Sig. (2-tailed) 1000 .000 035 354
N 21 21 21 21 21
Pearson Correlation  -.616™ -.822™ 1 -.184 -.026
AGR  Sig. (2-tailed) 003 .000 424 910
N 21 21 21 21 21
Pearson Correlation  .554™ 463" -.184 1 .675™
WBC  Sig. (2-tailed) 1009 035 424 001
N 21 21 21 21 21
Pearson Correlation  .303 213 -.026 .675™ 1
LYM  Sig. (2-tailed) 181 354 910 001
N 21 21 21 21 21

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

A WBC count below 4.5 x 10°/ L indicates a poor
prognosis and the need for aggressive treatment in dogs with PVI
(Castro et al., 2013). A significantly transient lymphopenia is
frequently characterised in dogs with PV1 results in a decrease in
the leucocyte number (Ling et al., 2012). Destruction of the
haematopoietic progenitor cells leads to this leucopoenia, which
is usually proportional to the severity and stage of the disease
(Hoskins, 2001). Neutrophils are the most numerous types of
leukocytes in dogs’ blood and provide the first line of defence
against invading microorganisms, tissue trauma, or any inciting
inflammatory signal. Severe neutropenia is also seen in dogs with
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PV1 resulting the destruction of myeloblasts in bone marrow with
a massive loss of neutrophils from the intestinal wall (Rertveit et
al., 2011). Lymphopenia is an important finding that reflects
suppressed humoral and cell-mediated immune responses in dogs
with PVI. Goddard et al. (2008) report that lymphopenia in PVI-
infected puppies in their research might have occurred as a direct
effect of the virus, leading to atrophy or destruction of lymphoid
tissues or the releasing of high amounts of cortisol. In the study
reported here, only the mean WBC, NEU, LYM, and EOS values
of the study group were seen to be statistically decreased versus
the control group of dogs. All mean WBC, NEU, LYM, and EOS
parameters for the dogs enrolled in the study were under the
reference ranges for puppies aged 28-60 days (Rertveit et al.,
2011). Our results were consistent with those previously reported
for the decreasing mean WBC, NEU, LYM, and EOS values
expected in dogs naturally infected with PVI (Goddard et al.,
2008; Ling et al., 2012).

Changes in serum biochemistry related to infections are
believed to be nonspecific (Schoeman et al., 2013). Research
determining mean serum tCa, Mg, and iP levels are limited of the
studies investigating serum biochemistry changes in dogs with
PVI. Jacobs et al. (1980) emphasised that total blood Ca
concentrations may be diminished due to hypoalbuminemia in
dogs with PVI. Jacabs et al. (1980) also advocated that increased
blood urea, creatinine, and inorganic phosphate are all associated
with dehydration. Contrary to the findings of Jacobs et al. (1980)
our results showed the mean tCa levels of the dogs infected with
PV were not decreased. There was no statistical significance
found in the mean serum tCa concentrations between the study
and control groups in the present study. Even though up to 60%
of all critically ill human patients are found to be Mg-deficient
(Escuela et al., 2005). Mann et al. (1998) reported that total and
ionised Mg concentrations were not significantly different
between healthy dogs and dogs with PVI or between dogs
surviving and those not surviving PVI. Our results are consistent
with those of Mann et al. (1998); the serum Mg levels in the study
group were not different from the healthy controls. In accordance
with the results of Jacobs et al. (1980), serum iP levels in the
current study were found to be statistically higher in the study
group than in the control group.

Abnormal serum protein profiles provide significant
diagnostic assistance in clinical practice, though a definitive
diagnosis can seldom be made with their determinations
(Eckersall et al., 2008). Hypoproteinaemia with hypoglycaemia
was found to be related to poor survival in dogs with PV (Castro
et al., 2013). Same as our results for mean serum TP in the study
group showed a statistically important decrease comparing to the
control value. Protein-losing enteropathy, intestinal haemorrhage,
SIRS-mediated  vascular  permeability, and subsequent
rehydration therapy are the accepted factors affecting plasma
proteins throughout the course of PVI in dogs (Mazzaferro et al.,
2002; Van den Broek, 1990). Decreased serum ALB levels
indicate poor nutritional status and poor survival for different
types of cancers, including lung, nasopharyngeal, breast, and
laryngeal cancers in humans (Chen et al., 2017; He et al., 2017,
Linetal., 2017). Low serum ALB concentrations in dogs infected
with PV Castro et al. (2013) was found to increase DOH (Kalli et
al., 2010). Contrary to the low serum ALB concentrations in dogs
with PVI found in previously published research, our results
demonstrated that mean serum ALB levels did not differ among
the study and control groups (Castro et al., 2013; Kalli et al.,
2010). Our mean serum ALB levels in both groups were found to
be in the reference ranges for dogs aged 60 days (Rertveit et al.,
2011). Aforementioned globulins in healthy dogs in the serum
reflect particular health conditions. Despite the determination of
various biochemical parameters, including APPs, in naturally PV
infected dogs; information about serum GLB levels, and their
fractions, in dogs infected with PV is very limited. VVan den Broek
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(1990) found a significant decrease in the mean level of y-
globulins, and increased az-globulins, in dogs with confirmed
PVI by determining the agarose gel electrophoresis before
treatment. An important study that investigated serum protein
electrophoresis in dogs with PVI demonstrated that there are
relative and absolute hypoalbuminemia, hypo-y-globulinemia,
and hyper-az-globulinemia (Van den Broek, 1990). Recently,
Castro et al. (2013) showed that dogs with PVI also had
hypoglobulinemia. In accordance with those published results,
the mean GLB level in our study group was found to be
statistically lower than in the control group.

The a and B GLB fractions include APPs, such as
haptoglobin, ceruloplasmin, C3 complement, C4 complement, C-
reactive protein (CRP), and fibrinogen (Shibutani et al., 2015).
Recently, studies conducted on the determination of APPs,
especially CRP, in dogs naturally infected with PV show that the
concentration of this APP increases over the course of the disease
and may be used as a prognostic indicator (McClure V et al.,
2013). However, these researchers did not give information about
the mean serum GLB levels in PV-infected dogs with high levels
of CRP (McClure V et al., 2013). At first sight, there seems to be
a parallel between increasing levels of CRP and low GLB
concentrations. Therefore, agarose gel electrophoresis should be
performed to indicate which fractions of these globulins are
altered.

Van den Broek (1990) found hyper-az-globulinemia in
dogs with PVI; this GLB fraction reflects the amount of APPs.
Van den Broek (1990) also found that, in addition to hyper-az-
globulinemia, there was also hypo-y-globulinemia in dogs with
PVI. While hypo-y-globulinemia and this pattern are typical for
foetal or pre-colostral sera in some animal species, it may also be
seen in patients with recurrent infections or in cases of immune
deficiency (Weaver et al., 2000). Occurrence of hypo-y-
globulinemia in dogs naturally infected with PV may be
associated with the lack of passive immunisation.

Changes in the concentrations of ALB and GLB also
lead to shifts in the AGR. Normal AGR in dogs and cats presents
as 0.6-1.1 (Krimer, 2011). Rertveit et al. (2011) also found AGRs
of 1.0-1.2 in puppies aged 16-60 days. However, our results—
even in the healthy controls—were all lower than those reported
by Rertveit et al. (2011). The main explanation of our different
AGRs in healthy dogs may be attributed to analytical methods
(Rortveit et al., 2011). Rertveit et al. (2011) used different
analytical methods for measuring serum ALB and TP in that
study. Our ALB and TP results were all obtained using a
chemistry analyser, and the GLB levels were calculated using the
equation GLB=TP-ALB. In addition, various disease conditions
may alter the relative amounts of ALB and GLB and lead to
changes in their proportions (Kaneko, 1997). Therefore, the
significant decrease in mean GLB levels in the dogs infected with
PV in the present study—with no alteration in mean ALB
levels—Ied to a significant increase in the AGR, compared to the
control values in our study. Meanwhile, a significant positive
correlation between serum GLB and WBC levels was also found
in the current study. Same as a significant positive correlation
between serum TP and WBC levels were also found.

The availability of prognostic tests does not completely
release the practitioner from making clinical decisions
(Schoeman et al.,, 2013), and prognostication remains a
challenging topic (McClure et al., 2013). The clinician has to face
the stressful situation of deciding which the appropriate test to
measure is and what cut-off value would constitute enough
evidence to support a decision for euthanasia or continued
treatment in a dog with PVI (Schoeman et al., 2013). Though the
composite clinical score introduced by Mobhr et al. (2003) as an
indispensable prognosticating tool in dogs with PV is still valid,
the establishment of new, cost-effective laboratory biomarkers

122

J. Anatolian Env. and Anim. Sciences, Year:5, No:2, (118-124), 2020

for prognostication of survival, outcome, and DOH would be
useful (Prittie, 2004).

CONCLUSIONS

The main limitation of the current study was the
absence of information about the electrophoretic patterns of the
study materials. Mispresenting the DOH with survival rates of
dogs with PVI is the other limitation. Furthermore, a more
detailed look at the predictive and prognostic values of
pretreatment serum GLB levels and the AGR using multivariate
analysis in the form of logistic regression or Cox proportional
hazard analysis needs to be demonstrated with future studies
about this highly contagious disease.

In summary, this preliminary study demonstrates that
pretreatment serum GLB levels and the AGR are easy, cost-
effective, objective, and non-invasive biomarkers that could be
the new prognostic marker candidates in dogs naturally infected
with PV.
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