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The consequences of the vaccination of neonatal calves with the widely used live-attenuated temperature-
sensitive (ts) bovine herpesvirus type 1 (BHV-1) were investigated. The ts strain established acute and latent
infections in all vaccinated calves either with or without passive immunity. Four of seven calves vaccinated
under passive immunity became clearly BHV-1 seronegative by different serological tests, as did uninfected
control calves after the disappearance of maternal antibodies, and they remained so for long periods. A
cell-mediated immune response was detected by a BHV-1 gamma interferon assay, but this test failed to detect
the seronegative latent carriers (SNLCs). While they are not detected, SNLCs represent a threat for BHV-1-
free herds or countries. This study demonstrates that SNLCs can be easily obtained by inoculation with a
live-attenuated BHV-1 under passive immunity and that latent carrier animals without any antibody do exist.
Consequently, this situation could represent a good model to experimentally produce SNLCs.

Bovine herpesvirus type 1 (BHV-1), a member of the Alpha-
herpesviridae subfamily, is a pathogen of worldwide importance
for cattle which is associated with several clinical manifesta-
tions and particularly with a respiratory syndrome called infec-
tious bovine rhinotracheitis (23, 31, 42). Since the end of the
1970s, conventional vaccines and especially intranasal live-at-
tenuated vaccines have efficiently contributed to control of the
disease (10, 13, 22, 24, 31, 42). Currently, most artificial insem-
ination centers have to be BHV-1 free, and BHV-1 eradication
or control programs have been initiated in several European
countries (1, 5, 37). One of the major problems in controlling
this infection is the maintenance of the virus in a latent state
after infection with both wild-type and live-attenuated BHV-1
strains (23, 34, 36).

Latently infected animals are usually identified by the de-
tection of BHV-1-specific antibodies in their serum. However,
the presence of maternal antibodies can interfere with an an-
tibody response following either infection (2, 14) or vaccina-
tion (3, 18, 19). We recently demonstrated that a BHV-1 se-
ronegative latent carrier (SNLC) can be experimentally
obtained after infection of passively immunized calves with a
virulent BHV-1 strain (16). From field observations, it has
been postulated that SNLCs could also be produced when
calves had been vaccinated with a live-attenuated temperature-
sensitive (ts) BHV-1 in the presence of maternal antibodies

(10). On the other hand, several authors have reported an
absence of seroconversion after vaccination with attenuated
BHV-1 strains and especially with the ts vaccine (7, 13, 18, 22,
30, 32, 37, 43), but in these cases the establishment of the latent
state was never demonstrated. These observations suggest that
the probability of producing SNLCs could be increased with an
attenuated strain. The aim of this study, therefore, was to
determine whether vaccination of passively immunized neo-
natal calves with the live-attenuated ts BHV-1 vaccine strain
could generate SNLCs.

Nineteen calves originating from BHV-1-free dairy farms
were used and were allocated to three groups. One group of
five calves had received colostrum from their seronegative
dams, and two groups of seven calves had received 2 to 3 liters
of a single pool of colostrum (from a colostrum bank, Marloie,
Belgium) containing anti-BHV-1 antibodies, within the first
12 h after birth. Throughout the study, precautions were taken
to avoid the spread of virus between calves, as previously de-
scribed (16). The five seronegative calves (group V, for vacci-
nated) and seven passively immunized calves (group CV, for
vaccinated under colostral immunity) were inoculated intrana-
sally (1 ml per nostril) with a total recommended dose of 105.4

PFU of the live-attenuated BHV-1 ts vaccine strain RLB 106
(Tracherhine; Pfizer Animal Health) (43). Because calves en-
ter selection stations at the earliest when they are 1 week old,
calves of groups V and CV were vaccinated at 4 days of age.
Seven passively immunized calves were not vaccinated in order
to follow the natural decrease of colostrally derived BHV-1
antibodies (group C, for colostrum).

Animals were monitored for 6.5 to 13 months. Blood sam-
ples were taken weekly from each animal for serological mon-
itoring. Heparinized blood samples were also regularly taken
to detect a cell-mediated immune response by an in vitro
BHV-1-specific gamma interferon (IFN-g) production assay,
performed as described by Lemaire et al. (16). One calf of
group CV (calf CV3) was removed from the study 14 weeks
after inoculation (p.i.) for a medical reason unrelated to the
study (umbilical hernia). At the end of the observation period,
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each animal was treated with dexamethasone (Fortecortine;
Bayer) at 0.1 mg/kg intravenously on 3 consecutive days, in
order to demonstrate BHV-1 latent infection. Group C control
calves received a 5-consecutive-day treatment (24). After in-
oculation and experimental reactivation, nasal swabs were
taken daily from each animal for 21 days. Between these two
periods, nasal swabs were taken twice a week to detect any
virus reexcretion. The presence of BHV-1 was detected and
titrated by plaque assay on MDBK cells as previously described
(15, 16). The experimental procedures were carried out in
accordance with the Belgian law (AR 14/11/93) implementing
the European Council directive number 86/609/ECC of 24
November 1986.

The presence or the absence of passively acquired specific
antibodies had no effect on virus shedding after inoculation
and on the establishment of latency. The ts strain was excreted
at high titers and for a long period in both vaccinated groups,
with or without a passive immunity and independently of the
different levels of maternal antibodies. The mean (6 the stan-
dard deviation) peak virus titers were similar in the CV and V
groups and were 105.460.8 and 105.860.6 PFU/100 mg of nasal
secretions on days 6 and 7 p.i., respectively. BHV-1 was recov-
ered from nasal secretions for long periods, between 9 and 16
days for the V group and between 10 and 24 days for the CV
group. In the latter group, the virus was isolated from the nasal
swabs taken twice a week up to days 23, 25, and 36 p.i. in calves
CV3, CV4, and CV5, respectively. A long period of virus shed-
ding in the presence of passively acquired antibodies was also
observed in other studies (15, 16, 31) and may be a result of the
immune-evasive character of herpesviruses (17, 21). All inoc-
ulated calves were latently infected, and the live-attenuated ts
vaccine strain was easily reactivated and reexcreted. Calf CV1
reexcreted the virus spontaneously on p.i. days 380, 384, and
385 (day of first dexamethasone injection), with a peak virus
titer of 103.7 PFU/100 mg of nasal secretions on day 384. After
dexamethasone treatment (PDT), BHV-1 was isolated in the

nasal swabs from all inoculated calves, for 3 (calf CV4) to 7
(calf CV2) days in calves of group CV and for 6 days in all
calves of group V. The peak titers were 103.661.8 and 105.760.7

PFU/100 mg of nasal secretions on PDT days 6 and 7 in groups
CV and V, respectively. In contrast to the virus excretion after
inoculation, an effect of the specific immune level was observed
on virus reexcretion PDT, as previously described for virulent
strains (23, 42). In group CV, only calf CV2, which presented
at this time no detectable antibody and cellular responses (see
below), had a reexcretion profile similar to that of calves of
group V. All the reexcreted viruses were characterized as ts
strain by relative temperature growth at 35 and 40°C (22, 43).
The identity with the inoculated virus was confirmed by DNA
restriction endonuclease analysis, as described by Lemaire et
al. (15). HindIII restriction endonuclease patterns were similar
in the two inoculated groups (CV and V) for the RLB 106 ts
strain and for the BHV-1.1 reference strain Cooper but dif-
fered clearly from the field strain Ciney and the virulent strain
Iowa (Fig. 1). No BHV-1 was isolated from group C through-
out the study.

The presence of BHV-1 antibody throughout the study was
determined by a classical indirect enzyme-linked immunosor-
bent assay (ELISA) (SERELISA IBR/IPV antibody Bi Indi-
rect; Synbiotics), a blocking ELISA for the detection of anti-
bodies against glycoprotein E (gE) of BHV-1 (BHV-1 gE
antibody test HerdChek; Idexx) and a 24-h virus neutralization
(VN) test performed as described by Lemaire et al. (16). The
evolutions of BHV-1 antibody levels obtained with the indirect
ELISA are shown in Fig. 2. Four calves inoculated under
passive immunity (CV2, CV4, CV6, and CV7) became BHV-1
seronegative, like control calves (group C), after an average
period of 7 months (Fig. 2 and Table 1). These calves remained
seronegative for 3 to 11 weeks (Fig. 2). With the commercially
available gE-blocking ELISA, all calves of groups C and CV
became seronegative against BHV-1 gE at an average of 5
months p.i. (Table 1). Five calves inoculated under passive

FIG. 1. Restriction endonuclease HindIII DNA profiles of nasal viral isolates from the vaccinated calves (group CV and control group V) on the sixth and seventh
days after their first dexamethasone injection (PDT) compared with DNA profiles of the BHV-1 ts vaccine strain, the BHV1.1 reference strain Cooper, the virulent
strain Iowa, and the field strain Ciney. For calf CV1, the restriction endonuclease analysis was performed on DNA from viruses isolated before the dexamethasone
treatment on p.i. day 380 (1*) and on the fourth day PDT (1).

4234 NOTES J. CLIN. MICROBIOL.



immunity (CV1, CV2, CV4, CV6, and CV7) remained clearly
seronegative for 12 to 21 weeks. The sixth calf (CV5) was
seronegative only at weeks 29, 30, and 33 p.i. (data not shown).
With the VN test, an increase in antibody titer was observed
between 4 and 6 weeks p.i. in the two calves of group CV (CV1
and CV3), which had the lowest BHV-1 VN titers (data not
shown). Four calves (CV2, CV4, CV6, and CV7) reached un-
detectable BHV-1 VN titers at a mean of 6 months, also in the
same manner as the uninfected calves (Table 1). Antibody
titers in calf CV5 decreased continuously and reached low VN

titers from 7 months p.i. (#4 50% effective doses). The mean
antibody half-life of calves CV2, CV4, CV5, CV6, and CV7 was
similar to that observed in noninoculated control calves (Table
1). An increase (with seroconversion) was observed with all
serological tests between 36 and 38 weeks p.i. in almost all
calves, except in calf CV2, which remained seronegative until
dexamethasone treatment (41 weeks p.i.). Calf CV1 showed a
moderate increase and was again classified seronegative to gE
on weeks 54 and 55 p.i.

All negative results were confirmed at least twice, and those

FIG. 2. Evolution of anti-BHV-1 antibody levels obtained by the commercially available indirect ELISA throughout the study, in each experimental group. Group
C (top), seven passively immunized control calves; group CV (middle), after vaccination (week 0) with a live-attenuated ts vaccine strain of BHV-1 in seven passively
immunized calves (calf CV3 was removed from the study at 14 weeks p.i.); group V (bottom), after vaccination (week 0) with a live-attenuated ts vaccine strain of BHV-1
in five seronegative control calves. The results are expressed as the difference in optical density between positive and control antigens (DOD). Horizontal lines indicate
the cut-off values: the upper line represents the positive limit, and the lower line represents the negative limit; between the two lines the results are inconclusive. Arrows
indicate the times corresponding to the dexamethasone treatment for the different animals.
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obtained with the indirect ELISA in the four inoculated calves,
CV2, CV4, CV6, and CV7, were also confirmed with a com-
mercially available glycoprotein B (gB)-blocking ELISA
(SERELISA IBR/IPV Ab Mono Blocking; Synbiotics) and by
two reference serological tests (Veterinary and Agrochemical
Research Center, Brussels): a blocking ELISA with BHV-1
polyclonal antibodies and a 24-h VN test (12, 26). Three to five
serum samples taken between p.i. weeks 30 and 38 from these
four inoculated calves were tested with the Danish test system
(5) (Gezondheidsdienst voor Dieren, Deventer, The Nether-
lands). One calf (CV6, at weeks 34 and 36 p.i.) was found to be
negative, and the other three presented inconclusive results.
Some samples with inconclusive results were also tested with
the gB-blocking reference test in use in The Netherlands (5)
and were found to be negative.

The seronegative calves (group V) seroconverted between 2
and 4 weeks p.i. based on the indirect ELISA (Fig. 2) and
between 3 and 5 weeks p.i. based on the gE-blocking ELISA.
These antibody responses were considerably delayed com-
pared to those observed after infection with virulent BHV-1
strains (38, 42). Such delayed antibody response in seronega-
tive calves should be taken into account in BHV-1 control
programs. After dexamethasone treatment, all uninfected con-
trol calves (group C) remained seronegative, whereas the in-

oculated calves (groups V and CV) showed a rise in their
antibody level within 2 weeks (Fig. 2).

In contrast to the antibody response, the presence of pas-
sively acquired antibodies did not hinder the development of a
cell-mediated immune response (Table 2). Except one nonim-
munized calf (V4), which showed a very poor response, almost
all inoculated calves (groups V and CV) showed a positive
response in the IFN-g assay starting 1 to 3 weeks p.i. until at
least 5 weeks p.i. for two calves (V2 and CV6) and 10 weeks p.i.
for the other ones. This interesting finding confirms that the
IFN-g assay is able to distinguish calves possessing only pas-
sively acquired antibodies from those latently infected with
BHV-1 (16), even with an attenuated BHV-1 strain. As devel-
oped for bovine tuberculosis and brucellosis diagnosis (39, 41),
the IFN-g assay appears to be a good complementary test to
the serological methods, at least in the acute phase of infec-
tion. However, the number of positive results decreased with
time, and almost all inoculated calves showed negative stimu-
lation index (SI) values at around 30 weeks p.i. (Table 2). In
the absence of antigenic restimulation, the cell-mediated re-
sponse seems to decrease to undetectable levels, as docu-
mented in a number of studies using the IFN-g assay (15, 16)
or lymphocyte proliferation assays (4, 28, 29). Therefore, the
IFN-g test was not able to detect the SNLCs, except for one
calf (CV1), for which the test could detect only a seronegative
response to gE. Significant increases in SI results were ob-
served in calves inoculated under passive immunity between 35
and 38 weeks p.i. (except for calf CV2).

In this study, SNLCs were easily generated by vaccination of
passively immunized neonatal calves with a conventional live-
attenuated BHV-1 strain. After inoculation in the presence of
a passive immunity (group CV), the antibody level of the five
calves possessing the highest levels of BHV-1 antibodies de-
creased in the same manner as that of the control calves (group
C). The mean antibody half-life was similar to that observed in
group C, clearly indicating that the antibodies were of mater-
nal origin. In total, four calves inoculated under passive im-
munity became clearly BHV-1 seronegative based on the indi-
rect ELISA and the 24-h VN test, and six calves became
seronegative based on the gE-blocking ELISA, at a mean 7, 6,

TABLE 1. Age when maternally immunized calves became
seronegative to BHV-1a by three serological tests and

BHV-1 neutralizing antibody half-lives

Groupb

Mean age in weeks 6 SD
Antibody

half-life in daysIndirect
ELISA

gE blocking
ELISA VN test

C 30 6 9 (n 5 7) 21 6 6 (n 5 7) 24 6 6 (n 5 7) 30 6 6 (n 5 7)
CV 31 6 2 (n 5 4) 22 6 4 (n 5 6) 27 6 5 (n 5 4) 32 6 8 (n 5 5)c

a Calves of group CV were inoculated with a live-attenuated vaccine strain at
4 days of age; therefore, the p.i. time for each animal can be considered as its age.

b Group C, not vaccinated; group CV, vaccinated.
c Antibody half-lives were calculated on the five calves which did not show any

increase in antibody titers after inoculation.

TABLE 2. Results of specific IFN-g production assay after inoculation with a live-attenuated BHV-1 vaccine strain in seronegative calves
(group V) and in passively immunized calves (group CV)

Calf
Stimulation indexa after BHV-1 inoculation at week:

0 1 2 3 4 5 6 8 10 14 18 22 26 27 28 30 34 35 37 38 40 41 44 48 52 55 58

Group V
V1 1.0 1.2 2.2 1.7 4.4 2.0 1.1 NI 1.1 NI 1.3 1.7 1.5 — — 1.5 1.7 — — 2.9 — 2.2 3.0 1.1 1.4 0.9 1.2b

V2 1.2 0.9 2.0 NI 1.4 2.0 1.4 2.1 0.8 0.8 3.1 2.1 1.8 — — NI 1.6 — 0.6 — 0.9b

V3 0.5 2.3 4.9 2.2 3.5 2.8 1.8 3.5 3.4 2.4 2.6 2.0 2.4 — 1.6b

V4 1.0 1.3 1.3 1.9 1.3 1.4 1.0 2.0 1.6 1.6 1.9 1.2 1.2 1.1 1.4b

V5 1.0 1.2 11.0 4.3 3.0 3.0 2.0 2.2 2.3 1.3 2.3 3.4 2.1 1.5 1.2b

Group CV
CV1 1.0 1.3 1.3 8.7 2.0 — 3.1 5.0 7.8 4.6 5.4 2.8 NI — — 2.0 3.2 14.0 — — 5.4 3.0 NI 6.1 5.7 31.0b

CV2 1.0 1.5 2.8 4.5 4.7 4.4 3.7 2.1 2.7 1.2 NI NI 1.0 — — 1.2 1.2 NI — — 1.6b

CV3 1.0 NI 2.3 1.9 2.8 — 4.3 2.3 2.3 2.9c

CV4 1.0 2.5 2.1 1.4 6.3 4.0 3.5 4.1 3.0 2.0 2.0 6.5 1.5 — — 1.3 1.4 1.4 1.4 — — 6.8 3.0 — 11.0 5.7 14.0b

CV5 1.0 1.4 2.5 2.2 2.3 1.7 3.6 2.0 3.7 2.2 2.0 1.6 1.1 — — 1.4 1.3 — — 29.0 — 5.3 5.4 4.1 — 5.5 3.3b

CV6 0.9 2.5 1.4 2.6 8.3 2.1 1.0 1.3 1.2 NI 1.3 1.3 1.5 — — 1.2 0.8 — 1.3 16.0 — 23.0 12.0 — — 2.8 3.4b

CV7 0.9 NI NI 3.2 2.1 NI NI 2.3 NI NI 2.4 1.5 2.1 — — 0.8 0.7 12.0 — 12.0 18.0 7.0 3.9 5.3 14.0 17.0b

a Stimulation index: optical density (OD) of culture with BHV-1 antigen/OD of culture with cell control antigen. Positive results, greater than or equal to 2.0, are
indicated in bold. This cut-off value was calculated from the results obtained in the seven noninoculated control calves (group C) throughout the study (mean plus three
standard deviations). NI, not interpretable (results were considered not interpretable when the OD values in the control cultures were elevated (.0.4) (9); —, not
tested.

b End of the observation period (start of the dexamethasone treatment).
c Calf CV3 was removed from the study 14 weeks p.i.
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and 5 months of age, respectively. As already mentioned, all
these calves were latently infected. At approximately 8 to 9
months of age, almost all calves showed increases in both
antibody titers and SI values. This increase of the specific
immune response was most likely due to natural virus reacti-
vation (20, 25, 33). This result may reflect a natural phenom-
enon. Indeed, recent studies of seroprevalence in infected
herds revealed a window between 6 and 9 months of age when
most of the animals tested were seronegative for BHV-1 (M.
Dispas, personal communication). SNLC calves remained se-
ronegative for long periods, up to 3 months with the indirect
ELISA and up to 5 months with the gE-blocking ELISA, The
negative results obtained with the highly sensitive indirect
ELISA (6) were confirmed by the gB-blocking ELISA and by
the serological reference tests used in Belgium were confirmed
and for at least one calf by the Danish test system in another
laboratory. In a comparative study, the Danish test system
showed the highest sensitivity, the gE-blocking ELISA the
lowest (5). However, the gE-blocking ELISA is an important
diagnostic test, because it is the companion test of the new
generation of vaccines deleted in the BHV-1 gE gene, which
are used in BHV-1 eradication programs (5, 38). The results
presented here indicate that in addition to animals that test
false seronegative due to a lack of sensitivity of the serological
test used (11, 35), truly seronegative animals without any an-
tibodies do also exist. The epidemiological consequences of
both types of SNLC are identical because such animals are not
detected. There are currently no means to diagnose directly a
latent infection other than dexamethasone treatment (24) or
PCR examination of the trigeminal ganglion (27). Recently,
PCR assays were successfully developed for the detection of
BHV-1 DNA sequences in peripheral blood leukocytes in nat-
urally infected cattle (8). However, positive results were not
confirmed by demonstration of latency, and further investiga-
tions should be performed under experimental conditions. An-
other novel approach could be the detection of BHV-1 DNA in
the tonsils (40).

In conclusion, the obtained results clearly demonstrate that
SNLCs can be experimentally produced after vaccination of
maternally immunized calves with a live-attenuated ts BHV-1,
whatever the serological test used and despite a high sensitiv-
ity. Furthermore, it seems to be easier to produce SNLCs with
an attenuated BHV-1 strain than with a virulent one (16). The
existence of SNLCs is of primary economic importance in
selection stations, artificial insemination centers, and BHV-1-
free farms or regions, where a virus circulation among free
animals can induce a disastrous seroconversion in a significant
number of animals. Since this virus vaccine has been inten-
sively and widely used, it will persist indefinitely in the cattle
population (24). It is difficult, however, to evaluate the impor-
tance of this phenomenon in the field, because it is hard to
detect such SNLCs. Vaccination with live-attenuated BHV-1
of calves possessing passively acquired specific antibodies
could represent a good model to experimentally produce
SNLCs for studies to improve the serological diagnostic tools
or to develop new approaches in the detection of latency.
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soumis au test d’hypersensibilité retardée au BHV-1. Ann. Med. Vet. 127:
377–381.

34. Thiry, E., B. Brochier, J. Saliki, M. Pirak, and P. P. Pastoret. 1985. Excretion
and reexcretion of thermosensitive and wild-type strains of infectious bovine
rhinotracheitis virus after co-infection or two successive infections. Vet.
Microbiol. 10:371–380.

35. Thrusfield, M. 1986. Serological epidemiology, p. 175–186. In M. Thrusfield
(ed.), Veterinary epidemiology. Butterworths, London, United Kingdom.

36. Tikoo, S. K., M. Campos, and L. A. Babiuk. 1995. Bovine herpesvirus 1
(BHV-1): biology, pathogenesis, and control. Adv. Virus Res. 45:191–223.

37. van der Poel, W. H., J. A. Kramps, J. Quak, A. Brand, and J. T. van Oirschot.
1995. Persistence of bovine herpesvirus-1-specific antibodies in cattle after
intranasal vaccination with a live virus vaccine. Vet. Rec. 137:347–348.

38. van Oirschot, J. T., M. J. Kaashoek, M. A. Maris-Veldhuis, K. Weerd-
meester, and F. A. Rijsewijk. 1997. An enzyme-linked immunosorbent assay
to detect antibodies against glycoprotein gE of bovine herpesvirus 1 allows
differentiation between infected and vaccinated cattle. J. Virol. Methods
67:23–34.

39. Weynants, V., J. Godfroid, B. Limbourg, C. Saegerman, and J.-J. Letesson.
1995. Specific bovine brucellosis diagnosis based on in vitro antigen-specific
gamma interferon production. J. Clin. Microbiol. 33:706–712.

40. Winkler, M. T., A. Doster, and C. Jones. 2000. Persistence and reactivation
of bovine herpesvirus 1 in the tonsils of latently infected calves. J. Virol.
74:5337–5346.

41. Wood, P. R., L. A. Corner, and P. Plackett. 1990. Development of a simple
rapid in vitro cellular assay for bovine tuberculosis based on the production
of gamma interferon. Res. Vet. Sci. 49:46–49.

42. Wyler, R., M. Engels, and M. Schwyzer. 1989. Infectious bovine rhinotra-
cheitis/vulvovaginitis (BHV1), p. 1–72. In G. Wittmann (ed.), Herpesvirus
diseases of cattle, horses and pigs. Kluwer Academic Publishers, Boston,
Mass.

43. Zygraich, N., M. Lobmann, E. Vascoboinic, E. Berge, and C. Huygelen. 1974.
In vivo and in vitro properties of a temperature sensitive mutant of infectious
bovine Rhinotracheitis virus. Res. Vet. Sci. 16:328–335.

4238 NOTES J. CLIN. MICROBIOL.


