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ABSTRACT

Some dog breeds, including the German shepherd dog
(GSD), are predisposed to immune-related disorders.
The authors prospectively described development of
serum and faecal IgA and serum IgE in GSD from
puppies until adulthood and the relationship between
mothers and their offspring. Further, the authors tested
whether dogs with lower serum IgA also have low
faecal IgA and/or serum IgE. To reveal whether any of
the parameters could be proven to influence the
immune response, the authors also measured serum
IgG against canine distemper virus (CDV). To test their
hypothesis, the authors used linear mixed models to
investigate the relationship of serum IgA, serum IgE
and faecal IgA levels in litters and their mothers.
Fifteen GSD bitches beginning at 42 days of pregnancy
and subsequently all of their offspring (n=83 puppies),
reared under well-controlled conditions, were included.
All dogs came from the kennel of the Swedish Armed
Forces.

Serum IgE, serum IgA and faecal IgA levels were
lower in seven-week-old puppies than at one year of
age. There was no relationship in Ig concentrations
between bitches and their puppies at seven weeks of
age. Dogs with higher faecal IgA had higher lgG titres
against GDV, indicating a favourable systemic immune
status.

INTRODUCTION

Some dog breeds, including the German
shepherd dog (GSD), are predisposed to
immune-related disorders (Whitbread and
others, 1984, Wisselink and others, 1985, Day
and others, 1986, Batt and others, 1991,
Griot-Wenk and others, 1999, Nodtvedt and
others, 2006). In a retrospective study based
on insurance data, the authors described the
disease pattern in GSD in Sweden and found
that this breed was over-represented for a
number of immune-related disorders (Vilson

and others, 2013). To reveal whether there
are differences in immunological parameters
in GSD from what is reported in other
breeds, the authors performed an extensive
screening for Igs in GSD reared under well-
controlled conditions.

The concentrations of serum Igs develop
during the first year of life and do not reach
adult levels until 12 months of age. Schreiber
and others (1992) measured serum IgG, IgM
and IgA concentrations in 10-month-old
beagles, and these concentrations were less
than those in older dogs. There are no
breed-specific reference ranges for Ig con-
centration for dogs younger than one year
old (Day and others, 2007).

It has previously been documented that
serum IgA deficiency is more common and
that faecal IgA (Batt and others, 1991,
Willard and others, 1994) levels commonly
are lower in GSD than in other breeds (Batt
and others, 1991, German and others, 2000,
Littler and others, 2006). Furthermore, low
serum IgA levels have been associated with
atopy in GSD (Tengvall and others, 2013).

Faecal IgA stimulate mucosal secretions
more than other Ig isotypes in dogs (Heddle
and others, 1975). In a study by German and
others (1998), no correlation was shown
between serum IgA and secretory IgA in
tears and saliva, but the correlation between
IgA in serum and faeces has not yet been
described in GSD or any other breeds.

To establish well-defined data for compari-
son in further studies on the effect of genetic
variations as well as interventions in the envir-
onment, the authors have followed changes in
serum and faecal IgA and serum IgE from
birth to young adult age and evaluated the
relationship between dams and their offspring
reared under well-controlled conditions.
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TABLE 1: Number of puppies alive at birth and seven weeks of age, number of stillborn puppies and average birth weight in
each of the 15 study litters

Litter numbers: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total
Number of alive at birth 5 7 9 4 5 7 3 9 8 3 6 7 4 9 8 94
Number of stillborn 3 0 0 0 1 2 5 0 1 3 0 1 1 0 1 18
Number of alive at 7 weeks 4 7 9 4 4 7 3 9 8 3 5 6 3 5 6 83
Average birth weight (g) 390 517 533 625 505 551 613 518 500 420 564 547 487 472 470 516

Further, the authors tested whether dogs with lower serum
IgA also have low faecal IgA and/or serum IgE. To reveal
whether any of the parameters could be proven to influ-
ence the immune response, the authors also measured
serum IgG against canine distemper virus (CDV).

MATERIALS AND METHODS

Animals

Fifteen pregnant German shepherd bitches from the
kennel of the Swedish Armed Forces were recruited at
42 days of pregnancy. All offspring alive at seven weeks
of age were included (n=83 puppies). The bitches lived
with families and arrived at the kennel at least five days
before the start of the study. Upon arrival, they were
gradually introduced to the diet' subsequently fed to
them as well as to the puppies throughout the entire
study. Twelve sires were used for the 15 litters. Eleven of
the bitches were imported, mainly from other European
countries (one from the USA, the rest from Europe),
while the rest were born at the kennel. Three of the
sires were imported, five were from other Swedish
kennels and the rest were born at the kennel. All bitches
and their litters were housed and treated with same rou-
tines at the kennel. When the puppies were eight weeks
old, they were moved from the kennel to live with fam-
ilies throughout Sweden where living areas were regis-
tered as countryside (an area localised between cities)
(n=27), small city (<200,000 citizens) (n=38) or big city
(>200,000 citizens) (n=18).

The mean age of the bitches was 3.6 years at whelping
and they gave birth to on average 6.3 pups/litter. The
average weight at birth was 516 g. Ninety-four puppies
were born alive, and 18 were stillborn. Another 11 of the
puppies died before seven weeks of age (Table 1). Sex dis-
tribution of the remaining 83 living puppies was 39
females and 44 males. Mothers and their litters were sepa-
rated from other dogs at the kennel and they were not
exposed to other food. All dogs followed the same vaccin-
ation programme. The bitches were routinely vaccinated
every third year, with the last vaccination within three
years. Puppies were vaccinated with the live vaccine
Nobivac DHHP; vet. at 7 weeks of age (after sample collec-
tion), at 12weeks and at 12-13 months of age (after

Nestlé Purina Pro Plan Puppy Sensitive, Salmon and Rice (32 per cent
protein, 20 per cent fat, 1.2 per cent omega 3).

sample collection). The study was approved by the Local
Animal Ethical Committee in Uppsala, Sweden (C355/9).

Sample collection

Faeces were collected from mothers at day 42 of preg-
nancy, at 12-24 hours after completed whelping, at four
weeks post partum and at seven weeks post partum.
Blood samples were collected from mothers at seven
weeks post partum. Blood and faeces were collected
from puppies at 7 weeks of age, at 12-13 months of age
(median 12 months, 3 weeks) and at 15-18 months
(median 16 months, 3 weeks) of age. Parameters mea-
sured at the different time points are presented in
Table 2.

Measurement of Igs
Antibodies in faecal contents
Faecal IgA was extracted from fresh (mothers) or frozen
(puppies) faeces. The frozen faecal samples were frozen
within two hours of collection and extracted in associ-
ation with analysis, while the fresh faecal samples were
extracted within 45 minutes and then frozen. All faecal
and serum samples were frozen at —80°C within
48 hours. Between collection and freezing at —80°C, the
samples were stored in dry ice or in —25°C freezer.
Using 1.5 ml of the extraction buffer (50 mM-EDTA
and 100 pg/1 soybean trypsin inhibitor in PBS/1 per
cent bovine serum albumin from Sigma), 0.5 g of faeces
were vortexed. Phenylmethanesulphonyl fluoride (25 pl,
350 mg/1 from Sigma) was added to each tube, and the
samples were centrifuged for 10 minutes. The superna-
tants were collected and frozen at —80°C until assayed
for IgA by ELISA (Bethyl Laboratories) within
45 months as follows: a 96-well plate was coated over-
night at 4°C with a 1:100 dilution of goat anti-canine
IgA Affinity purified in 50 pl of borate buffer (6.2g
H3BOg/1, 9.54 g NagB,O7 10 HyO/1 and 4.4 g NaCl/l,
pH 7) and then washed with PBS-Tween-20. Free
binding sites were blocked with 100 pl of PBS containing
5 per cent fetal calf serum and 0.1 per cent Tween-20
(ELISA buffer) for one hour at 37°C. Duplicate faecal
extracts were incubated with ELISA buffer (final volume
50 pl) for two hours at 37°C and then washed with
PBS-Tween-20. The plate was incubated with a 1:10,000
dilution of polyclonal goat anti-canine IgA conjugated
with horseradish peroxidase in ELISA buffer (final
volume 50 pl) for one hour at 37°C, washed with
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TABLE 2: Parameters measured at different time points

Pregnancy 4 weeks post 7 weeks post 12-13 15-18
day 42 Partum partum partum months months
Mothers Faecal IgA Faecal Faecal IgA Faecal IgA
IgA Serum IgA
Serum IgE
Puppies Faecal IgA Faecal IgA Faecal IgA
Serum IgA Serum IgA Serum IgA
Serum IgE Serum IgE Serum IgE
IgG (CDV) IgG (CDV) IgG (CDV)
CDV, canine distemper virus
PBS-Tween-20 and developed with 50 pl of the 3,3',5,5 Statistics

-tetramethylbenzidine (TMB) peroxidase substrate sys-
tem according to the manufacturer’s instructions. The
reaction was stopped with 50 pl of 1M-phosphoric acid.
Colour development was read at 450 nm, and results
expressed as pg/ml using a canine IgA standard. The
concentration of faecal IgA was adjusted against total
protein (TP) content in faeces and expressed as pg
IgA/pg TP.

Antibodies in serum
Blood samples were collected from the cephalic vein.
Before centrifugation, samples were left to clot for at
least 30 minutes in room temperature. After centrifuga-
tion (10 minutes, 7200 rpm), serum were collected and
frozen. All samples were frozen at -80°C within
48 hours. Between collection and freezing at —-80°C, the
samples were stored in dry ice or in —25°C freezer.
Serum were assayed for IgA total IgE (Bethyl
Laboratories) and IgG against CDV (VMRD) within
45 months by ELISA (Bethyl Laboratories) as follows: a
96-well plate was coated overnight at 4°C with a 1:100
dilution of goat anti-canine IgA, IgE (Bethyl
Laboratories) or CDV (VMRD) Affinity purified in 50 ul
of borate buffer (6.2 g H3BOs/1, 9.54g NayB,O7; 10
Hy0O/1 and 4.4 g NaCl/], pH 7) and then washed with
PBS-Tween-20. Free binding sites were blocked with
100 pl of PBS containing 5 per cent fetal calf serum and
0.1 per cent Tween-20 (ELISA buffer) for one hour at
37°C. Duplicate serum samples were incubated with
ELISA buffer (final volume 50 pl) for two hours at 37°C
and then washed with PBS-Tween-20. The plate was incu-
bated with a 1:10,000 dilution of polyclonal goat
anti-canine IgA conjugated with horseradish peroxidase in
ELISA buffer (final volume 50 pl) for one hour at 37°C,
washed with PBS-Tween-20 and developed with 50 pl of
the TMB peroxidase substrate system according to the
manufacturer’s instructions. The reaction was stopped
with 50 pl of 1M-phosphoric acid. Colour development
was read at 450 nm, and results expressed as pg/ml using
a canine standard. The vaccine response was calculated as
the difference in concentration of IgG against CDV
between 7 weeks and 13 months. All results are expressed
in this paper as g/1.

R (R Core Team, 2012) and /me4 (Bates and others,
2012) were used to perform linear mixed effect analyses
of (1) the relationships between Ig concentrations in
mother and offspring, (2) the relationships between the
different Igs, (3) the change of Igs over time, (4) the
impact of sex on Igs and (5) the impact of litter size on
Igs. It was necessary to analyse these relationships in
linear mixed effects analyses because the data were non-
independent (i.e. the puppies were nested in litters)
and linear mixed effects models allowed the authors to
control for this non-independence. For all the linear
mixed models, litter membership was entered as a
random effect where the intercept was allowed to vary
between litters. The results were presented as the esti-
mated population mean differences based on the model
(B). P values were obtained by Wald Z-tests.

To examine the relationship between Ig concentra-
tions in mother and offspring, bitch Ig value was
entered as a fixed effect and the litter membership
intercept was entered as a random effect.

To examine the relationship between the different Igs,
puppy Ig was entered as a fixed effect and litter mem-
bership was entered as a random effect.

Intraclass coefficients (ICCs) were used to quantify the
degree to which individuals with a fixed degree of
relatedness resemble each other in terms of a quantita-
tive trait (Ig concentrations). The closer to 1, the stron-
ger is the litter effect.

For all analyses, data with a Z-score less than -3 or greater
than 3 were regarded as an outlier and were not included
in the analyses. Level of significance was set to P=0.05.

RESULTS

In total, 74 out of 83 dogs completed the study. Nine
excluded dogs were euthanased due to unrelated
medical reasons (discospondylitis (n=1), intestinal volvu-
lus (n=2), elbow dysplasia (n=2), hip dysplasia (n=1), hit
by car (n=2) and pulmonary abscess (n=1)). Seven out
of the nine euthanased puppies died before 13 months
of age. Four serum IgA values at 12-13 months had
Z-scores higher than 3 and were thereby regarded as
outliers, although one of these dogs had also a high
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outlier value at 15-18 months. Six faecal IgA values and
two serum IgE, all at 15-18 months, were regarded as
high outliers (Z-score >3) and thereby excluded from
the analysis. One dog had high values (Z-score >3) of
serum IgG against CDV both at 12-13 months and 15—
18 months, and these values were excluded. In the
bitches, one serum IgA value had Z-score <3 and one
serum IgE had Z-score >3 and were excluded.

Faecal IgA increased from 7 weeks to 18 months (B=
—-0.052, P<0.001). Serum IgA (B=—0.576, P<0.001) and
serum IgE increased (B=5.404, P<0.001) from 7 weeks to
13 months and was then stabilised between 13 and
18 months (Fig 1). At 12-13 months, faecal IgA levels

ranged between 0.002 and 0.347 pg IgA/pg TP to be
compared with the maternal levels (0.011-0.165 pg IgA/
pg TP, 7 weeds post partum). Serum IgA levels at 12—
13 months ranged between 0.165 and 2.921 to be com-
pared with the maternal levels between 0.534 and
0.845g/1. At 12-13 months, serum IgE ranged from
0.0005 to 0.071 g/1 to be compared with the maternal
levels (0.002-0.145 g/1).

There was a positive relationship between faecal IgA
and vaccine response at 7 weeks (B=0.056, P=0.042),
12-13 months ($=0.032, P=0.008) and 15-18 months
(B=0.022, P=0.007) while serum IgA was positively
related to vaccine response only at 15-18 months
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FIG 1:

Concentrations of (A) faecal IgA (ug IgA/ug TP), (B) serum IgA (g/l) and (c) serum IgE (g/l) in puppies at 7 weeks,

12-13 months and 15—-18 months of age and their mothers at 7 weeks pp. Mean and sds are indicated in blue. pp, postpartum;

TP, total protein
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TABLE 3: Intraclass coefficients, how strongly the
puppies within a litter resemble each other

12- 15—
7 weeks 13 months 18 months Mean

Faecal IgA  0.62 0.12 -0.04 0.24
Serum IgA  0.25 0.48 0.45 0.43
Serum IgE  -0.01 0 0.1 0.11
IgG 0.61 0.27 0.20 0.41
against

CDV

The closer to 1, the stronger is the litter effect
CDV, canine distemper virus

(B=0.003, P=0.0384). Serum IgE and IgA was positively
related to each other at 15-18 months (B=0.017,
P=0.021). Faecal IgA and serum IgA was not related to
each other.

There was no relationship between the mother and
her puppies at seven weeks regarding serum IgE, serum
IgA or faecal IgA. The correlation within litters (ICC)
for faecal IgA and serum IgG against CDV decreased
with age, while serum IgA increased by age. In serum
IgE, the ICC was close to 0 at all time points (Table 3).

Male puppies had higher mean faecal IgA than
females at seven weeks of age (B=0.014, P=0.006). No
other sex differences were detected in any of the Igs
(data not shown). Litter size was negatively related to
faecal IgA at 12-13 months (B=—0.010, P=0.007). Serum
IgA was positively related to birth weight at 12-13
months of age ($=0.003, P=0.005) but not at 7 weeks or
15-18 months. No other Igs were related to birth weight.
Delivery mode (caesarean section or not), birth month
and living area did not affect the parameters (data not
shown).

DISCUSSION

In this extensive study of long-term changes of different
Igs in a well-defined population of growing GSDs, the
authors identified a relationship between faecal IgA and
serum IgG against CDV that might have clinical implica-
tions. The authors also found that the levels of serum
IgE, serum IgA and faecal IgA are significantly lower in
puppies and that levels are stabilised after one year of
age. This study may supply data for comparison in
further studies on the genetic and environmental inter-
ventions on the canine immune system.

The finding of lower levels of serum IgE, serum IgA
and faecal IgA in puppies that stabilises after one year of
age is in accordance with previous studies (Glickman
and others, 1988, Schreiber and others, 1992, Racine
and others, 1999, Zaine and others, 2011, Olsson and
others, 2014). The variation increased by age, which
could be a result of increased exposure to varied envir-
onmental factors. The authors could not detect any sex
differences in any of the serum Igs. This was neither
detected by Olsson and others (2014) for serum IgA

levels in adult dogs (n=1247) in a large population of
different dog breeds, including GSDs (n=319). This is
also in accordance with Griot-Wenk and others (1999),
who did not find any sex differences in serum IgA in a
study of 233 dogs of different breeds. However, in a
study on 147 healthy colonised beagles, Racine and
others (1999) found that females had higher levels of
total serum IgE compared with males.

Litter size or birth weight did not affect the levels of
the Igs measured in this study at seven weeks of age. At
12-13 months of age, there was a negative relationship
between faecal IgA and litter size, indicating that dogs
from large litters have lower faecal IgA concentrations.
There was a positive relationship between serum IgA
and birth weight at 12-13 months. However, the rele-
vance of these findings is equivocal since this relation
was absent at 7 weeks as well as 15-18 months.

The authors measured CDV vaccine response as a
marker for the systemic immune status. Vaccine
responses demonstrate clinically relevant alternations in
an immune response to a challenge under well-
controlled conditions and therefore are often used as a
surrogate for responses to an infectious challenge.
Faecal IgA was positively related to vaccine response at
all ages, which means that dogs with high faecal IgA
have a better vaccine response also indicating a favour-
able systemic immune status. Satyaraj and others (2013)
showed that colostrum supplementation increased faecal
IgA as well as vaccine response, but it is unknown
whether the increased vaccine response resulted from
the increase in faecal IgA.

Griot-Wenk and others (1999) showed a negative cor-
relation between serum IgE and serum IgA, and the
authors suggested that increased IgE levels might repre-
sent an important immune response to reduced IgA
levels. The authors could only find a relationship
between these Igs at 15-18 months (positive) and not in
the other age groups, which is in accordance with a
study by Hill and others (1995), where they did not find
any correlations between serum IgA, IgE and IgG in a
population of adult dogs.

Dogs have an endotheliochorial placenta, which consti-
tutes a relatively impermeable barrier between the mater-
nal and fetal circulation. Puppies are therefore born
hypo-gammaglobulinemic and they receive assistance
from the mother by antibodies transferred through colos-
trum. The variation in the efficiency colostral Ig uptake
may be related to the size and vigour of the newborn
puppy and the maternal abilities of the bitch, as well as
the concentration of specific antibodies in the colostrum
of the individual bitch. How the concentration of mater-
nal Igs in serum and faeces affects the Ig levels in their
offspring is not well studied in dogs. The authors could
not find any relationship in Ig concentrations between
bitches and their puppies when the puppies were seven
weeks old. The puppies, however, strongly resembled
each other in faecal IgA, indicating that even if there is
no relationship between mother and puppies, there is a
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strong relation between litter mates. This could be a
result of an oral transfer through ingestion of each
other’s faeces within the litters. The ICC for IgG against
CDV was high in the seven-week-old puppies, but
decreased when the dogs were older. Since the puppies
were unvaccinated at sample collection at seven weeks of
age, IgG are supposed to have maternal origin and the
transfer through colostrum should be equal within the
litter. However, when the dogs are older, there might be
environmental factors that affect the results and the
increased variation might influence the ICC.

Delivery mode did not affect the levels of Igs; however,
only one litter with two puppies were born trough cae-
sarean section and this small number makes it difficult
to draw any conclusions from these results.

It has been indicated that IgA deficiency is more
common in GSD than in other breeds (Whitbread and
others, 1984, Batt and others, 1991, Olsson and others,
2014). In this study, the authors did not reveal any sig-
nificant differences between GSD and other breeds
regarding serum IgA that would explain a predisposition
for immune-related disorders in GSD. Only one dog had
a serum IgA at a level below 0.07; the cut-off value for
IgA deficiency in man (Olsson and others, 2014).
Differences in serum IgA levels between studies could be
due to differences between subpopulations of GSDs
related to their function as indicated by Tengvall and
others (2013). The authors neither noted any clinical
signs of faecal IgA deficiency in this study population.
The authors could not prove a relationship between
serum IgA and faecal IgA in the dogs studied.

This study was strengthened by being based on a large
population that was born and raised at the same kennel
with standardised daily routines, diet, deworming and
vaccination schedules. Additionally, all samples were col-
lected by the same person and analysed at the same
laboratory, minimising human-induced variation.

From eight weeks of age, puppies lived with families,
which resulted in an increase in the variation arising
from environmental factors. These results thereby would
be more applicable to pet dogs living in the society com-
pared with data from laboratory dogs and of great value
when comparing Ig-level studies on immune stimulation
in natural populations of growing dogs.

Further research based on these results could focus
on how genetics and environmental factors might affect
the immune response in growing dogs.

CONCLUSION
In conclusion, the levels of serum IgE, serum IgA and
faecal IgA were lower in seven-week-old puppies than at
one year of age and there was no relationship in Ig con-
centrations between bitches and their puppies when the
puppies were seven weeks old.

The authors showed that dogs with high faecal IgA
had a better vaccine response indicating a favourable sys-
temic immune status.

The authors did not identify any significant differ-
ences in the Igs of GSD explaining their predisposition
for a number of immune-related disorders.
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