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ANALYSIS OF ISOTYPE-SPECIFIC ANTIBODY RESPONSES TO BOVINE HERPESVIRUSES 1.1 AND 1.2A
ALLOWS TO ESTIMATE THE STAGE OF INFECTION
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ABSTRACT
Specific IgM, IgA, IgG1, IgG2, as well as neutralizing antibody responses were evaluated in sera of calves
experimentally infected with two isolates of bovine herpesvirus type 1 (BoHV1) of distinct subtypes
(subtype 1, BoHV1.1; subtype 2a, BoHV-1.2a). No significant differences were observed in the antibody
responses induced by each BoHV-1 subtype. The antibody responses following primary acute infection were
characterized by an increase in specific IgM and IgA levels between days 2 and 14 post inoculation (pi).
IgG1 was detected from days 11 to 30 pi. IgG2 was detected on the sample taken on day 30 pi. Reactivation
of infection following dexamethasone administration induced a significant rise in IgA levels, whereas IgG1
and IgG2 levels, which were at high levels from the beginning of the reactivation process, showed a slight
alteration after corticosteroid treatment. These results suggest that it is possible to estimate the dynamics of
BoHV-1 infections with basis on the analysis of class- and subclass-specific antibody responses. Such
information may be particularly useful for the study of the kinetics of the infection in a herd and to aid in the
adoption of appropriate control measures..
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ELISA
Bovine herpesvirus type 1 (BoHV1) is a member of the
important cause of abortion in cattle (5, 10, 11). BoHV1 has
order Herpesvirales (6). The infections are widespread on
been subdivided into subtypes 1.2a and 1.2b with basis on
cattle populations, and BoHV1 is recognized as the causative
restriction fragment length positioning (RFLP) of viral DNA
agent of a number of clinical conditions including infectious
(2). Distinct subtypes have also been related to somewhat
bovine rinotracheitis (IBR), infectious pustular vulvovaginitis/
different clinical syndromes. Thus, typical or classical BoHV1
balanopostitis (IPV/IPB) (2, 4, 6). In addition, BoHV1 is a
strains, presently classified as subtype 1 (BoHV1.1), have been
*Corresponding Author. Mailing address: Laborat&oacute;rio de Microbiologia Molecular, Instituto de Ci&ecirc;ncias da Sa&uacute;de, Universidade Feevale, Campus II - RS 239,
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associated to respiratory and genital disease and abortions (1,
were kept in isolation units. After 12 days of acclimation,
9, 11), subtype 1.2a has been associated to respiratory disease
calves were infected intranasally by instillation of 8 mL of cell
and abortions (1, 4, 13), whereas BoHV1.2b has been
culture medium containing 108.3 TCID50/mL of BoHV1.1 strain
associated to genital disease but to date never linked to
EVI 123/98 (n=4) or BoHV1.2a strain SV 265 (n=3). Other
abortions (2, 10, 11).
two calves were mock infected with virus-free culture medium.
Primary BoHV1 infection induces strong humoral and
Six months after challenge, calves received dexamethasone
cell-mediated immune responses in cattle. Class and subclass-
(0.1 mg per kg of body weight) as described (13) for 5
specific immunoglobulin levels were
studied following
consecutive days. A detailed description of the experimental
BoHV1 primary infection, reinfection and reactivation (3, 6-8).
design, clinical and virological findings is provided elsewhere
After a primary experimental infection -or vaccination - calves
(13). The serum neutralisation assay (SN) was performed as
develop an immune response revealed by a transient rise in
reported (13) with strain BoHV1 EVI 123/96 as challenge
specific IgM and IgA antibodies, followed by IgG1 and IgG2
virus.
responses (3, 5, 7, 8). BoHV1.2b induces seems to induce a
ELISA antigen was prepared as previously described (12,
lower degree of stimulation of humoral immune response, as
14). For the detection of IgA, IgM, IgG1 and IgG2, class or
estimated by the comparative amount of specific antibody
subclass-specific indirect ELISAs were developed. For each
production when compared to
BoHV1.1 (1). BoHV1.2a
ELISA, an appropriate anti-bovine class or subclass-specific
immune responses have not been studied in detail. Since
peroxidase conjugate (Serotec, UK) was used. Test plates were
BoHV1.1 and BoHV1.2a are highly prevalent in Brazil (2, 4),
coated with an appropriate dilution of the antigen (1:3200) in
the present study was carried out to examine the antibody
bicarbonate buffer overnight at 4 &deg;C. After the adsorption of
response profile by measuring specific IgM, IgA, IgG1,
the antigen, plates were washed once with 100 L of PBST-20
IgG2and neutralizing antibodies
following experimental
(0.5 % Tween 20 in PBS), filled with another 100 L of PBST-
infections with BoHV1.1 and BoHV1.2a in cattle. Animals
20 and allowed to stand 1 h at room temperature. The sera
were experimentally infected and monitored from inoculation
under test were diluted 1:5 in PBST-20 and tested in duplicate.
through acute disease, latency and following corticosteroid-
After 1 h incubation at 37 &deg;C, plates were washed three times
induced reactivation. The antibody response profile was
with PBST-20 and incubated with the appropriate class or
evaluated to determine its potential values as an indicative of
subclass-specific peroxidase conjugate (diluted in PBS) for 1 h
any particular stage of infection.
at 37 &deg;C. After washing with PBST-20, 100 L of the substrate
Madin Darby bovine kidney cells (MDBK; ATCC
ortho-phenylenediamine (OPD; Sigma) with 0.03 % H2O2 were
CCL22) free of bovine herpesviruses and of bovine viral
added to plates. After 5 minutes of incubation at 37 &deg;C, the
diarrhea virus (BVDV) were cultured following standard
reaction was stopped by the addition of 50 &micro;L of 2M H2SO4.
procedures (13) For virus multiplication, BoHV1.1 strain EVI
The optical density (OD) was determined at 492 nm in a
123/98 (2, 4) and BoHV1.2a strain SV265 (2, 4, 15) were
Multiskan (Titertek) ELISA reader. Readings were plotted as
multiplied as described (13)
the percentual mean optical density (%OD). The %OD was
at a multiplicity of infection
(m.o.i.) between 0.1 and 1. Viral stocks were used for serum
calculated using the formula:
neutralization assays as well as for the preparation of the
ELISA antigen.
Nine calves, 3 to 4 months old, seronegative for BoHV1,
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Differences between infected and control groups were
IgG1 antibodies became detectable. Neutralizing antibodies
analysed with Minitab&reg; Release 11.1 for Windows (Minitab
were initially detected on day 14 pi. Neutralizing antibodies
Inc., USA). Percentual ODs equal to or greater than twice the
were significantly elevated on day 194 pi. Antibodies of the
reference %OD were considered significant.
IgG2 subtype were only detected on day 30 pi (Figure 5a).
The analysis of the neutralizing antibody profile in sera of
Thus, on day 30 pi, calves had IgA, IgG1, IgG2, and
infected cattle revealed low to moderate neutralizing antibody
significantly decaying levels of IgM. On day 180 pi. when
titres from day 14 post -infection (pi) to until day 30 pi (1:16
dexamethasone administration was started, IgG1 and IgG2
to 1:64; Figure 1a). After reactivation, a significant rise in
were still at levels which did not differ significantly from those
antibody titres (range 1:256 to 1:1024) was observed (Figure
detected on day 30 pi; IgM and IgA were at trough levels. On
1b).
day 186, IgG1 and IgG2 remained at high levels and remained
Uninfected
control
calves
remained
seronegative
throughout.
so, with no significant alteration.. On the other hand, IgA was
The results of the different ELISAs performed revealed that
significantly elevated on day 186 pi.
IgM, IgA, IgG1 and IgG2 responses did not significantly
differ between
calves infected with each of the two virus
subtypes. IgM titres became detectable from day 2 pi and
reached peaks between days 7 and 14 pi; subsequently, IgM
levels started to
The analysis of the results revealed that
that
both
BoHV1.1 and BoHV1.2a elicited similar patterns of humoral
antibody responses in all classes and subclasses examined.
The neutralizing antibody profile detected was, as
decrease significantly towards day 30 pi
expected, a powerful indicative of infection, since these could
(Figure 2a). IgA responses were detectable from day 2 pi and
be detected at any stage of the experiment (though at low
remained at high levels (as judged by %OD above 450) at least
levels) following the initial two weeks pi. Antibodies of all
until day 30 pi, when sampling was discontinued (Figure 3a).
subclasses may be capable of inducing neutralization of
IgG1 was initially detected on day 11 pi, rising to peak level
BoHV1 in vitro (7, 8). However, early IgM and IgA antibodies,
on day 30 post inoculation (Figure 4a). IgG2 levels were
which here were detected earlier than neutralizaing antibodies
detected only on samples collected on day 30 pi (Figure 5a).
(see below Figs 2 and 3) at least at this stage of infection seem
At the beginning of the corticosteroid administration, 180
not to contribute significantly to neutralization. Despite the
days pi, IgM was at trough levels and remained so for the next
usefulness of neutralizing antibodies as markers of infection,
14 days, when sampling was discontinued (Figure 2b).
these could not be used to estimate whether infected animals
Antibodies of the IgA class (Figure 3b) remained at trough
were under acute primary acute infection or reactivation.
levels, whereas IgG1 (Figure 4b) and IgG2 (Figure 5b)
Upon reactivation, neutralizing antibodies rose significantly;
remained at relatively high levels. Seven days later, IgA
however, such increase was not followed by a corresponding
peaked with %OD values similar to those detected following
rise in IgG1 or IgG2. On the other hand, IgA levels were raised
primary acute infection. In addition, a slight, though not
at reactivation.
significant, increase in IgG1 and IgG2 levels was detected.
inhibitory effect on neutralizing antibodies, which at
By comparing the patterns of antibody response, it was
possible to estimate the stage of infection the calves were
Corticosteroid treatment apparently had no
reactivation peaked to significantly higher titres than those
obtained after primary infection.
undergoing (Table 1). After primary infection, from day 2- 3
On day 2 pi, IgM antibodies were initially detected and
pi, until day 15 pi, only IgM and IgA antibodies could be
gradually rose up to day 14 pi; a significant tendency to decay
detected. At days 11 to 14 pi, IgA levels remained elevated and
was detected on day 30 pi, when testing was discontinued and
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IgM was close to trough levels. During reactivation, no rise in
may provide additional evidence to indicate that calves have
IgM levels was detected, following an expected profile (5, 8).
been through a recent reactivation process.
This may be useful for distinguishing the phases of infection,
Based on the serological response obtained after the infection
in that the analysis of the IgM profile can provide a way to
by BoHV1.1 and 1.2a, it could be possible to estimate the
differentiate acute infections from reactivation.
status of BoHV1 infection with basis on the serological
IgG1 levels were first detected on day 11 pi whereas IgG2
analysis of the antibody responses induced in calves, provided
was evidenced on day 30 pi; from then on, during the
that levels of IgM, IgA, IgG1 and IgG2 as well as neutralizing
subsequent phases of infection examined, both IgG1 and IgG2
antibodies can be measured and compared (Table 1). It has
were present concomitantly and to similar titres. Because the
been a hallmark in serology to request paired serum samples to
presence of IgG1 - but not IgG2 - is indicative of a recent
identify the causes of acute infections. Here, in infections with
primary infection, the determination of IgG1 and IgG2 levels
both BoHV1 subtypes tested, it was shown that with simple
may be used to estimate early acute infection.
class and subclass-specific ELISAs, it was possible to estimate
Six months after infection, IgG1 and IgG2 levels were still
with fair accuracy the stages of infection the animals were
similar to those detected on day 30 pi. Following reactivation,
undergoing. The proposed scheme seems to fit adequately
no significant increase in IgG1 and IgG2 levels were found.
under the conditions of the present study, with a small number
IgA levels were low at 180 days pi, but reactivation led to a
of animals and controlled conditions of infection. Although not
new IgA peak. IgA was also found to rise upon reactivation by
evaluated here, at herd level, it may be possible to estimate
others (8). Therefore, the presence of elevated levels of IgA,
the stages of infection, what could become particularly useful
concomitant with elevated IgG1 and IgG2 and absence of IgM
for monitoring the evolution of BoHV1 within the herd.
a)
b)
Neutralising antibody titre
Neutralising antibody titre
700
700
650
650
600
600
550
550
500
500
450
450
400
400
350
350
300
300
250
250
200
200
150
150
100
100
50
50
0
0
1
2
3
4
5
6
7
8
9
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
0
180 181 182 183 184 185 186 187 188 189 190 191 192 193 194
days post-infection
Figure 1. Serum neutralizing antibody responses in calves infected with bovine herpesvirus 1.1 ( BoHV-1.1) (full squares) or
BoHV1.2 (full triangles) and control uninfected calves (empty squares)following primary infection (a)and reactivation (b).
Neutralizing antibody titres expressed as the reciprocal of the geometric mean of the neutralizing antibodies for each group.
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Figure 2. Specific IgM antibody levels in sera of calves experimentally infected with BoHV-1.1 or BoHV1.2a. Data measured by
ELISA and expressed as mean percentual optical densities (%OD; see text for methods) for each group of calves. Plot a: at primary acute
infection; b: t reactivation. Full squares: BoHV-1.1 infected calves; full triangles: BHV-1.2a infected calves. Empty squares: control
uninfected calves.
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Figure 3. ELISA analysis of IgA specific antibody in sera of calves experimentally infected with BoHV-1.1 or BoHV1.2a. Data
measured by ELISA and expressed as mean percentual optical densities (%OD; see text for methods) for each group of calves. Plot a: at
primary acute infection; b: t reactivation. Full squares: BoHV-1.1 infected calves; full triangles: BHV-1.2a infected calves. Empty
squares: control uninfected calves.
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Figure 4. ELISA analysis of IgG1 specific antibody in sera of calves experimentally infected with BoHV-1.1 or BoHV1.2a. Data
measured by ELISA and expressed as mean percentual optical densities (%OD; see text for methods) for each group of calves.
Plot a: at primary acute infection; b: t reactivation. Full squares: BoHV-1.1 infected calves; full triangles: BHV-1.2a infected
calves. Empty squares: control uninfected calves.
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Figure 5. ELISA analysis of IgG2 specific antibody responses in sera of calves experimentally infected with BoHV-1.1 or
BoHV1.2a. Data measured by ELISA and expressed as mean percentual optical densities (%OD; see text for methods) for each
group of calves. Plot a: at primary acute infection; b: t reactivation. Full squares: BoHV-1.1 infected calves; full triangles: BHV1.2a infected calves. Empty squares: control uninfected calves.Data measured by ELISA
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Table 1. Estimate of the status of infection with basis on the patterns of isotype and subclass specific anti-bovine herpesvirus 1.1
(BHV-1.1) or 1.2a (BHV-1.2a) antibodies.
Status of infection
Uninfected cattle
Up to day 15 post-infection
Between days 15 and 30 post- infection
During latency (after day 30 post infection)
After reactivation
Isotype-specific profile
IgM- IgA- IgG1- IgG2- SNAaIgM+ IgA+ IgG1- IgG2- SNA-or+
IgM+ IgA+ IgG1+ IgG2+ SNA+
IgM- IgA- IgG1+ IgG2+ SNA+
IgM- IgA+ IgG1+ IgG2+ SNA+
+ = present ; - = absent ; a = serum neutralizing antibodies
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