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Abstract

Sedlinská M, J .  Krejãí ,  M.  Vyskoãi l ,  H.  Kudláãková: Postnatal Development of Blood
Serum Concentrations of Immunoglobulin IgG, IgA and IgM Isotypes in Suckling Foals. Acta Vet.
Brno 2006, 75: 175-182.

Postnatal changes in concentrations of immunoglobulin IgG, IgM and IgA isotypes from birth
until the age of five months were monitored by the ELISA method. The experiment was performed
in a group of 52 thoroughbred foals and their mothers. Among the investigated animals, failure of
colostral immunity transfer was recorded in only four foals (7.7 percent). The concentrations of
immunoglobulin IgG and IgA isotypes primarily decreased during the first weeks of life and then
gradually increased until the end of the investigated period. The concentrations of immunoglobulin
IgG isotype reached the values of adult animals by the end of the investigated period. However,
immunoglobulin IgA isotype did not reach those values during the entire investigated period. The
concentrations of immunoglobulin IgM isotype were quite rapidly increasing from the birth on.
The beginning of active antibody formation was inversely proportional to the level of colostral
immunoglobulins.

IgG, IgA, IgM, foals, colostral immunity, postnatal changes

After foetal development in the sterile environment of uterus, the foals are exposed to a
wide spectrum of microorganisms immediately after birth, although their immune system is
not able to respond adequately. Due to the fact that horses have a diffuse epitheliochorial
placenta through which molecules of immunoglobulins are not able to penetrate to foetal
blood, the foals are born agammaglobulinemic. Moreover, the immune system of foals at
birth is not fully mature, and therefore it is able to react to antigenic stimulation only with
moderate immune response including limited antibody formation (Tizard 2000). The key
role, which is decisive for the foal survival is therefore ascribed to maternal antibodies
passively obtained with colostrum (Jeffcot t 1972; Perryman 1981).

Immediately after the first colostrum intake, immunoglobulin serum concentrations reach
values similar to those present in sera of the dams (Naylor  1979). Under common
conditions, when the foal consumes colostrum during the first two hours of life, maximum
values of serum IgG can be registered between 12 and 18 h after birth and the values are
usually 8 to 21 g·l-1 (Rossdale  1967; Jeffcot t  1972). However, passively obtained
antibodies undergo catabolic degradation immediately after absorption. Moreover, they are
diluted with increasing blood plasma volume (Jeffcot t  1971; Naylor  1979; Spensley
et al. 1987). Natural decrease of blood serum immunoglobulin levels in newborn foals is
compensated by early onset of their own antibody formation. It is a result of the response to
antigenic stimuli from external environment. The first signs of the antibody formation by
foal organism may be already detected at the age of two weeks (Jeffcot t  1974). Despite
that fact, blood serum immunoglobulin concentrations decrease until the age of 1 to 2
months, when the own active immunoglobulin synthesis prevails over natural decay. The
total level of blood serum immunoglobulin increases gradually only after that period. Values
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comparable with those in the adult horses are not reached before the age of 4 to 6 months
(Morgan 1973; Jeffcot t  1971, 1974; Crawford and Perryman 1980). On the other
hand, Rouse (1971) investigating the development dynamics of respective
immunoglobulin isotypes in foals, recorded that IgM antibody concentrations reached the
values of the adults already at the age of 4 to 6 months; however, IgG concentrations did not
reach those values until 10 months of age. Likewise Ek (1974) did not detect values
comparable to those in the adults until the age of 3 to 4 years.

Foals that did not ingest colostrum showed almost total agamaglobulinemia in the first two
weeks of life. Increasing concentrations of immunoglobulins can be detected in these
animals from 14 to 24 days of life (Jeffcot t  1974; McGuire  and Crawford 1973).
Antibody formation rapidly increases after the end of this period and so, at the age of five
weeks, their concentrations almost do not differ from immunoglobulin concentrations in
foals that ingested colostrum. It follows that the increase in IgG values is more marked in
foals without colostral antibodies compared to those that ingested a sufficient amount of
colostrum (McGuire  and Crawford 1973).

The studies dealing with developmental changes in immunoglobulin concentrations in
foals cited above were predominantly focused on immunoglobulin IgG isotype. The aim of
the present study was to extend current knowledge of concentrations of the three main
immunoglobulin isotypes (IgG, IgA and IgM) in neonatal foals and their mothers and to
subsequently describe their developmental changes in suckling foals.

Material and Methods
Experimental  animals

Fifty-two thoroughbred mares and their foals (24 females and 28 males), reared on the same farm were tested in
the current study. All the foals spontaneously ingested colostrum during 3 hours after birth. Specific gravity of
colostrum from all the mares was higher than 1.040 g.ml-1. No prophylactic medication was given to the foals.

Blood col lect ion and processing
Blood was collected by puncture of v. jugularis. Blood sera obtained by a conventional procedure were frozen

and stored at - 80 °C before they were examined together for the contents of respective immunoglobulin isotypes.
Blood was taken from each mare 24 to 30 h post partum. The foals were sampled four times as follows: at the age
of 24 to 30 h, 21 to 28 days, 2 months and 5 months.

Concentrat ions of  immunoglobul in  isotypes IgG,  IgM and IgA
Concentrations of IgG, IgM and IgA in blood serum samples were determined by standard ELISA method using

the kits for quantitative determination of equine immunoglobulins IgG, IgA and IgM (Bethyl, USA). The standard
procedure was conducted according to the manufacturer’s instructions. The results were obtained by ELISA reader
iEMS (Labsystems) measurements and evaluated using the calibration curve prepared by assessment of standard
samples included in the kits.

Stat is t ical  evaluat ion of  the resul ts
Median values and their deviations (quartiles) and minimum and maximum values were calculated for

concentrations of respective immunoglobulin isotypes in all intervals monitored. Significance of the differences
between concentrations of immunoglobulin isotypes in mares and foals at the end of the experiment (5 months of
age) was also evaluated using the parametric non-paired t-test. The normal distribution of data was confirmed
before. The relationships between respective values of immunoglobulin isotypes of individual foals and their
dams were expressed as correlation coefficients. Calculations were performed using a statistical software package
Microsoft Excel and Stat Plus (Matou‰ková et al. 1992). For better discrimination between the types of
developmental dynamics of the respective immunoglobulin isotype concentrations, two groups of foals with
significantly different IgG concentrations at the beginning of the study were selected from all investigated
animals. Group A comprised 8 foals with the lowest initial IgG concentrations (1.5 to 11 g.l- 1). Group B comprised
8 foals with the highest initial IgG concentrations that ranged between 20.8 and 27.2 g.l-1 after the first intake of
colostrum.

Results

Results concerning postnatal developmental changes in immunoglobulin concentrations of
respective isotypes in foals are summarized in Figures 1 to 3. They show variables of
distribution of individual animal concentrations of the main immunoglobulin classes
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(median, percentile, and ranges of minimum and maximum values) in the mares and their
progeny in four intervals from the first colostrum intake up to the age of five months.

Immunoglobul in  IgG isotype
It is evident from the results shown in Fig. 1 that immunoglobulin IgG isotype

concentrations in 24- to 30-h-old foals did not differ from IgG concentrations detected in
blood of their mothers. If the relationships between the pair values of mare - foal are
considered, IgG levels in foals after colostrum intake were higher than in the respective dams
in twenty cases (38.5%). In the other cases, IgG concentrations in foals after colostrum
intake were lower than in their mothers. However, in general, both values showed a
significant positive correlation (r = 0.292, p < 0.01).

IgG concentrations lower than 8 g.l-1, which is considered as a threshold value of
successful transfer of maternal antibodies, were detected in four foals only (7.7%). Later
changes in the concentrations of IgG isotype immunoglobulins are characterized by a
decrease during the following weeks (measured 3 to 4 weeks after the colostrum intake).
Average concentrations of IgG immunoglobulins significantly decline in that period and
reach minimum values. Concentrations of this immunoglobulin isotype gradually rise in the
subsequent intervals, and at the age of five months reach values not significantly different
from those of adult animals.

Immunoglobul in  IgM isotype
Unlike the IgG immunoglobulin isotype, immunoglobulin IgM average concentration

changes are characterized by an increase from the very beginning of the investigated period
(Fig. 2). Although the concentrations of immunoglobulin IgM isotype markedly increased
during the whole investigated period, their concentrations did not approximate the values
detected in their mothers until the age of five months.

Immunoglobul in  IgA isotype
Developmental changes in immunoglobulin IgA isotype (Fig. 3) are similar to those of

immunoglobulin IgG. They share the basic characteristics, i.e. post partum decline and later
increase in concentrations. It is notable that the concentrations of this isotype in foals were
significantly lower than in their mothers (p < 0.01) at the end (5 months of age) of the
investigated period. Despite that finding, comparison of the respective pairs of mother - foal
showed positive correlations (r = 0.459, p < 0.01).

Analyt ical  evaluat ion of  the above resul ts
All measured values were summarized in the above-described results. They resulted from
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Fig.1. Developmental changes of median values of
immunoglobulin IgG isotype concentrations in 52
newborn foals and their mares in time of the delivery.

Fig.2. Developmental changes of median values of
immunoglobulin IgM isotype concentrations in 52
newborn foals and their mares in time of the delivery.



antagonistic activities: catabolic degradation
of passively ingested colostral antibodies and
their active formation. Various intensities of
these processes differ in each foal depending
on initial values of colostral immunoglobulin
concentrations. We selected eight foals with
the highest and eight foals with the lowest
initial values of immunoglobulin IgG isotype
that allowed discrimination between the
mentioned trends. Different developmental
patterns of respective immunoglobulin isotype
concentrations in these two markedly different
groups have been separately described in the
present study.

Immunoglobulin concentrations of IgG class
in each foal from both groups, and their
postnatal changes are shown in Fig. 4. IgG
concentrations in foals with the most

successful transfer of immunoglobulins (group B) were decreasing until the age of two
months (with one exception). In contrast, in animals with the lowest initial concentrations,
immunoglobulins of this isotype (group A) obviously increased during the same period. It
is notable that in the foals with initial IgG concentrations lower than 8 g.l-1 considered as the
critical threshold value of the success rate of passive transfer, their concentrations already
increased during the first three weeks of life. IgG immunoglobulin concentrations in animals
with initial values higher than the given threshold, slightly decreased during the same period.
However, IgG concentrations markedly increased between week 3 and 8 of life in all the
foals from this group. IgG concentrations in hypogammaglobulinemic animals not only
increased up to the level of normoglobulinemic group, but their average values even
exceeded them insignificantly.

Developmental changes in the concentrations of immunoglobulin IgM isotype in each foal
from two groups of animals, which markedly differ in the initial concentrations of
immunoglobulin IgG isotype, are given in Fig. 5. It is evident that the initial concentrations
of these isotype immunoglobulins follow the pattern, which most likely reflects the amount
of colostrum ingested for the first time after birth. The highest initial concentrations of
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Fig. 3. Developmental changes of median values of
immunoglobulin IgA isotype concentrations in 52
newborn foals and their mares at the time of the
delivery (asterisk indicate significance of differences
between concentrations of immunoglobulin isotypes
in mares and foals at the end of the experiment).

Fig. 4. Development of individual values of immunoglobulin IgG isotype concentrations in foals of two groups
differing in initial values (Group A - 8 foals with lowest and group B - 8 foals with highest           values of IgG).



immunoglobulins IgM were found in foals that ingested proper amounts of colostrum,
whereas the lowest concentrations were detected in the compared group. Further
developmental changes in both groups shared the pattern with the immunoglobulin IgG
isotype, with slight variations only. After the initial decline during several first weeks, the
concentrations of immunoglobulin IgM isotype in foals from group B increased and reached
the values of adult animals in several cases. In the last investigated period, their
concentrations were either further increasing or oscillated around the values reached in the
previous period. In the foals from group A, an evident increase in immunoglobulin
concentrations of this isotype was observed during the entire period after birth, and with one
exception, persisted until the end of the investigated period when their levels exceeded
average concentrations of adult animals.

Fig. 6 shows the development of the immunoglobulin IgA isotype concentrations in
respective foals from the groups differing in the success rate of passive immunity transfer.
Initial concentrations of this isotype in blood of newborn foals were rather low. Therefore,
initial concentrations of this immunoglobulin isotype did not markedly differ among most
of animals of both the groups. From the end of the first month after birth, when
concentrations of immunoglobulin IgA in animals of both groups reached similar values, the
trends of their further development were analogous. However, the concentrations were
increasing slowly; the values of individual animals of both groups did not reach the average
values of adult animals until the end of the investigated period in month 5 of life.
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Fig. 5. Development of individual values of immunoglobulin IgM isotype concentrations in foals of two groups
differing in initial values (Group A - 8 foals with lowest and group B - 8 foals with highest           values of IgG).

Fig. 6. Development of individual values of immunoglobulin IgA isotype concentrations in foals of two groups
differing in initial values (Group A - 8 foals with lowest and group B - 8 foals with highest          values of IgG).



Discussion

Among the presented results, it is most remarkable that the failure of colostral
immunoglobulin transfer was recorded in a quite low percentage of foals. In the group of
animals investigated in the present study, IgG immunoglobulin concentrations lower than 
8 g.l-1, considered as a threshold value indicating successful transfer of maternal immunity,
were in 4 foals only. It corresponds to 7.7 percent from the total count of investigated
animals. This finding is more favourable than the results presented by other authors
(McGuire  et al. 1977; Pemberton et al. 1980; Morris  et al. 1985; Tyler-McGowan
et al. 1997) who described a failure of passive transfer (FPT) of colostral immunoglobulin
in 20 to 30% of newborn animals. The high rate of maternal immunity transfer in our study
resulted mainly from a high standard of animal care in the herd where the animals were kept.

Further developmental changes in immunoglobulin concentrations in foals after birth are
given by the interrelationship between catabolic degradation of passively ingested colostral
antibodies and the onset of their own active formation. The courses of the curves depicting
developmental changes in each immunoglobulin isotype level resulted from both processes.
In the case of isotypes IgG and IgA, their concentrations primarily decreased during the first
two weeks of life. Later, they gradually increased during the remaining part of the whole
investigated period. In the case of IgG isotype, they reached the concentrations characteristic
of adult animals before the end of the study. However, immunoglobulins of IgA isotype did
not reach those values throughout all this experiment. In contrast, increasing concentrations
were characteristic of immunoglobulin IgM isotype from the very beginning of the
investigation.

A different type of developmental changes in the concentrations of respective
immunoglobulin isotypes is given particularly by their function and their proportion in
colostrum. Antibodies of IgG isotype in colostrum constitute up to 70 percent (Tizard
2000). Majority of them are absorbed by active transport into circulating blood of newborn
foals. Antibodies of this isotype protect the foals particularly from septicaemia and systemic
infections; only a minor proportion of them also penetrate to the mucosal surfaces by means
of neonatal receptor (Ghet ie  and Ward 2000). Among those, it is necessary to particularly
mention respiratory tract mucosa (Sheoran et al. 2000). Further developmental changes
in immunoglobulins of this isotype resulted from the development of antibody immune
response.

Although colostrum of the mares comprises 20% of immunoglobulin IgA isotype, their
absorption is limited because their primary function is to protect the digestive tract of
newborn foals from infections with pathogenic microorganisms. Therefore, their blood
concentrations in neonatal foals do not correspond to their proportion in colostrum and their
further slow increase results from the fact that the majority of produced IgA antibodies are
secreted to the mucosal surfaces. Initial low concentrations of antibodies of IgM isotype in
the blood of newborn foals result from their low proportion in colostrum where they
constitute less than 10%. Their rapid increase during the first weeks of life corresponds to
the fact that antibodies of this isotype prevail in the primary antibody response. This fact
may be of great importance for early serodiagnosis of neonatal infections.

Separate investigation of the two groups of animals markedly differing in passive transfer
success rate showed that newborn foals (like other ungulates) are able to respond by active
antibody formation. It occurs mainly when they are not protected by specific maternal
antibodies. In the first phase of postnatal development of antibody response, the key role is
played by antibodies of IgM isotype and later, they are followed by active IgG antibody
formation. In contrast, passive protection with specific colostral antibodies causes the delay
in the onset of specific active antibody response. The delayed onset of active production of
antibodies is most evident in IgG isotype. It results from the fact that the inhibition of active
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production of antibodies is specific for the respective isotypes. Due to the fact that the
proportion of IgG isotype is the highest in colostrum, its inhibition is most marked.
Investigation of dynamic changes of antibody response showed that IgG antibodies
appeared after initial production of IgM antibodies. The proportion of IgM antibodies in
colostrum is the lowest and accordingly, the inhibition of their active production is not
marked. Nevertheless, in calves with low levels of maternal IgM antibodies in blood, the
delay in their active production was evident.

That delay is primarily caused by a lower intensity of specific antigenic stimulation
resulting from a rapid elimination of specific pathogens, and secondly by a mechanism
inhibiting the specific immune response by blocking the activation of specific lymphocyte
clones by specific antibodies (Tizard 2000).

Comparison of the results of the present study with the data previously described by other
authors would be difficult, as those authors did not focus on the determination of respective
immunoglobulin isotype levels (Morgan 1973; Jeffcott  1971, 1974; Crawford and
Perryman 1980). Nevertheless, the results obtained in the present study are consistent with
those of the mentioned authors, at least at the point of giving evidence of early beginning of
active antibody formation. This resulted in reaching values comparable with adult animals
already during the first six months of age of foals. However, they are inconsistent with the
findings of Rouse (1971) and Ek (1974) who did not detect a marked increase in IgG
immunoglobulin levels during the first year of age of foals. This finding remains unclear. The
discrepancies between the results can hardly be explained by the fact that the mentioned
authors used different methods.

Postnatální v˘voj koncentrace imunoglobulinÛ izotypÛ IgG, IgM a IgA u hfiíbat

Ve skupinû 52 hfiíbat anglického plnokrevníka a jejich matek byl pomocí ELISA metody
sledován postnatální v˘voj hladin imunoglobulinÛ izotypÛ IgG, IgM a IgA od narození aÏ
do stáfií pûti mûsícÛ. Neúspû‰n˘ pasivní pfienos kolostrální imunity byl ve sledovaném
souboru zaznamenán jen u ãtyfi hfiíbat (7,7 procent). Koncentrace imunoglobulinÛ izotypÛ
IgG a IgA v období prvních t˘dnÛ po porodu nejprve klesaly a posléze po celou sledovanou
dobu postupnû narÛstaly. V pfiípadû izotypu IgG koncentrace imunoglobulinÛ dosáhly
hodnot dospûl˘ch zvífiat jiÏ pfied koncem sledovaného období. Imunoglobuliny IgA izotypu
v‰ak tûchto hodnot v prÛbûhu celého sledovaného období nedosáhly. Koncentrace
imunoglobulinÛ izotypu IgM relativnû rychle narÛstaly jiÏ od narození. Hfiíbata s nejniÏ‰ími
poãáteãními hladinami kolostrálních imunoglobulinÛ vykazovala na konci sledovaného
období nejvy‰‰í nárÛst hladin v‰ech imunoglobulinov˘ch izotypÛ.
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