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Abstract Bovine viral diarrhoea virus (BVDV) and
infectious bovine rhinotracheitis virus (IBRV) are
important viral diseases around the world. The
objective of this study was to estimate the incidence
of seroconversion to BVDV and IBRV and to identify
associated risk factors in dairy herds of Michoacan,
Mexico. The longitudinal study included 62 herds and
ran from December 2001 to November 2002. The
total number of animals enrolled and completing the
study were 392 and 342 animals for BVDV and 925
and 899 animals for IBRV. Animals were tested
monthly for 12 months, for the presence of anti-
bodies. Risk factors were: herd size (2–9, 10–25 and
26–55 animals), herd serostatus (seropositive or
seronegative, only for IBRV), age group of the animal
(6 to 12, 13 to 24, 25 to 48 and > 48 months) and
animal origin (born in farm, purchased). The cumu-
lative incidences for BVDV and IBRV were 16.4%
and 3.4%, respectively; whereas, the incidence densi-
ty rates for BVDV and IBRV were 15.9 and 2.9 per
1000 animal-months at risk, respectively. Seroconver-

sion curves were statistically different for age group
for BVDV and IBRV and for herd status for IBR. The
relatively high incidence of seroconversion for BVDV
suggests that a successful control programme should
be oriented towards the identification and elimination
of the PI animals and towards avoiding the introduc-
tion of PI cattle to the farm. The scenario of IBRV is
favourable to implement a programme directed to
reduce the number of new seropositive herds.
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Introduction

In Mexico, the diseases that cause abortions in cattle
produce economical losses of about $937 to $1100
per aborted cow (Córdova et al. 2003). Abortions
have been associated with bacterial, viral or fungal
infections. Bovine viral diarrhoea and infectious
bovine rhinotracheitis are among the viral diseases
present in Mexico. These diseases may cause embry-
onic death, mummification, abortion, infertility and
dead or weak calves that die within the first days of
life (Fray et al. 2000). These viruses are also
implicated in the bovine respiratory disease complex,
which is considered one of the major causes of
economic losses in the cattle industry (Houe 2003,
Muylkens et al. 2007). A previous seroprevalence
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study in Michoacan, Mexico reported herd-level and
animal-level seroprevalences of 98.4% and 63.2% for
bovine viral diarrhoea virus (BVDV), and 38.7% and
10.1% for infectious bovine rhinotracheitis virus
(IBRV) (Solorio 2004). However, to the authors´
knowledge there are no studies about the incidences
of these diseases in Mexico.

Knowledge of the incidence of cattle being
infected with BVDV or IBRV could provide informa-
tion to control and prevent transmission of those
diseases, minimizing their adverse effects on herd
health. The objective of this study was to estimate the
incidences of seroconversion to BVDV and IBRV and
to determine the seroconversion curves of some
descriptive factors of dairy herds in Michoacan,
Mexico.

Materials and methods

Localization and climate

The study was carried out in the localities of Cotzio and
Tejaro,Michoacan,Mexico located between 19° 45′ and
19° 54′ north and 101° 03′ and 101° 11′ west, at 1860
meters above sea level (INEGI 2004). Cotzio and
Tejaro are important places for cow-milk production
within the Morelia-Querendaro Valley. Cow milk
production is practiced by rural families of low socio-
economic status and occupies the second most eco-
nomically important activity in the region, with an
approximate inventory of 154 herds and 3180 cows.
Herds are small (2–55 animals) and contain mainly
cattle of the Holstein breed. Cows are kept in
stationary enclosures built of brick or concrete with
natural or concrete floor. Cows are milked by hand
twice a day with average daily milk production of 7.3
litres /cow. Rations are based on fresh Lucerne and
corn straw (April-May) when pasture is scarce.
Animals were reproduced mainly by natural mating.
Vaccination is not a common practice in the region;
however, when done, it is mainly against rabies,
pasteurellosis and black leg.

Study design and population

A prospective longitudinal study was conducted.
Sixty-two herds previously chosen at random for a
seroprevalence study conducted in November 2000 to

September 2001 (Solorio 2004) were used. The
numbers of herds to sample was calculated consider-
ing a population of 154 herds, 50% herd seropreva-
lence, 95% confidence level and 10% precision, using
the formula for a random simple survey (Segura and
Honhold 2000). All seronegative animals of the 62
herds were involved in a follow-up study from
December, 2001 to November, 2002. All the sero-
negative animals (>6 month old), from each herd,
were monthly tested for 12 months for the presence of
antibodies to BVDV and IBRV. An animal that
seroconverted for the first time during the period of
study was considered to be a case and it was further
sampled until seroconversion occurred for the two
infections or until the end of the study. Animals were
identified individually by numbered ear tags. The
serological status of animals at risk was considered an
indicator of infection, because vaccination against
those diseases was not practiced in the region.
Information about herd size, cattle introduced to the
farm and herd serostatus was obtained from a
previous cross-sectional study (Solorio 2004); where-
as, age of the animal at the start of the study was
determined at the start of the study and from the
monthly visits for the newly enrolled animals. The
populations at risk at the beginning of the study were
all the seronegative animals in the 62 herds (349
animals for BVDV and 820 animals for IBRV). The
number of herds and animals for each stratum of the
descriptive factors are shown in Tables 1 and 2. Herd
size was defined as the number of animals in the herd
(positive or negative). Herd serostatus (only for IBRV,
because all herds were positive for BVDV) was
defined as negative (herds with zero or one seropos-
itive animal) or seropositive (herds with at least 2
seropositive animals, due to false positive test results,
because specificity of the ELISA test used was not
100%).

Sampling and laboratory analysis

Blood samples (10 ml) were collected from the
coccygeal vein of each animal, using disposable
needles (21× 1 1/2 mm) and vacutainer tubes, and
transported on ice to the laboratory. The samples
were centrifuged at 2000×g for 10 min to obtain
the serum. Sera were stored in identified vials at –
20 C until testing. Serum samples were tested (all
at one time) for antibodies against BVDV with an
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indirect enzyme-linked immunosorbent assay kit
(ELISA for BVDV-Ab, Svanova Biotech AB: 10-
2200-10, SE-751 83 Uppsala, Sweden) with sensi-
tivity (Se) and specificity (Sp) of 97.8% and 94.6%,
respectively (Provided by the manufacturer). The
results were read by a microplate photometer,
where the optical density (OD) was measured at
450 nm and using air as blank.

For the diagnosis of seropositivity to IBRV an
indirect enzyme-linked immunosorbent assay kit
(ELISA for IBR-Ab, Svanova Biotech AB: 10-2100-
10, SE-751 83 Uppsala, Sweden) with sensitivity and
specificity of 95.8% and 94.4%, respectively was
used (Provided by the manufacturer). Sera with
corrected OD ≥ 0.25 were considered positives and
all assays were performed at one time.

Table 2 Incidence and test of homogeneity of seroconversion curves for time to seroconversion over strata for risk factors in a
12 month longitudinal study for antibodies against infectious bovine rhinotracheitis virus in 62 dairy herds of Michoacan, Mexico

Descriptive
factors

Number of
animals (herds)

Seroconverted Cumulative
incidence

Animal- months
at risk

IRa Log –rank test
p-value

Herd size 0.92

2–9 104 (24) 3 3.6 1042.5 2.88

10–25 622 (19) 17 3.2 6345.5 2.68

26–55 189 (19) 6 4.5 1759.5 3.41

Herd status 0.00

Seronegative 477 (37) 3 0.8 4702.0 0.64

Seropositive 438 (25) 23 6.2 4415.5 5.21

Age (months) 0.06

6–12 253 8 4.7 2140.5 3.74

13–24 176 9 6.1 1822.5 4.74

25–48 486 9 2.0 5184.5 1.74

Animal origin 0.87

Born in farm 182 (12) 5 4.4 1625.5 3.07

Purchased 733 (50) 21 3.4 7522.0 2.79

a IR = Incidence rate (×1000 animal-months at risk).

Table 1 Incidence and test of homogeneity of seroconversion curves for time to seroconversion between strata for some descriptive
factors in a 12 month longitudinal study for antibodies against bovine viral diarrhoea virus in 62 dairy herds of Michoacan, Mexico

Descriptive
factors

Number of animals
(herds)

Seroconverted Cumulative
incidence

Animal- months
at risk

IRa Log –rank
test p-value

Herd size 0.18

2–9 37 (24) 2 6.2 329.5 6.1

10–25 267 (19) 34 15.6 2657.5 12.8

26–55 88 (19) 14 23.8 731.0 19.2

Age (months) 0.00

6–12 127 17 19.9 995.0 17.1

13–24 82 18 26.1 815.0 22.1

25–132 183 15 9.9 1827.0 8.2

Animal origin 0.09

Born in farm 66 (12) 7 8.9 601.1 11.6

Purchased 326 (50) 43 17.7 3126.0 13.8

a IR = Incidence rate (×1000 animal-months at risk).
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Data from all seronegative animals at enrolment
and that completed at least one monthly follow-up
visit (of 12) were included in the statistical analysis.
The events of interest in this study were BVDV and
IBRV seroconversion.

Statistical analyses

Data on time to seroconversion until the end of the
observation period, or time of sale or death during the
course of the study were right-censored at the month
the study was terminated or the month the animal left
the herd. Time to seroconversion was the accumulated
number of cattle-months until seroconversion. The
average incidence rates (IR) for each of the infections
were estimated as the number of animals that
seroconverted divided between the number of
animal-months at risk during the period of study. In
this analysis zero was defined as the month of
enrolment. To facilitate interpretation of the survival
curves, herd sizes were grouped to make categorical
variable with three levels: from 2 to 9, from 10 to 25
and from 26 to 55. Age group of cattle at the start of
the study was categorized as: animals from 6 to 12, 13
to 24 and >24 months old. To test the equality of the
seroconversion curves between strata for each de-
scriptive factor, the long rank test of the life-table
option was used (SAS 2000).

Results

Twenty-eight out of the 62 herds had at least one
animal that seroconverted (median 1; range 1–7) for
BVDV. Of the 392 animals studied, 50 seroconverted
and 342 were censored (3313 animal-months at risk).

The estimated overall cumulative incidence during the
12 months of study was 16.6% and the average IR
was 15.1 per 1000 animal-months at risk. The first
case of seroconversion was observed after 3 months
of exposure. The incidence rates by strata for each of
the descriptive factors as well as the significances of
the survival analysis are shown in Table 1. The life-
table method only showed significant (P<0.05)
differences between seroconversion curves of the
age group factor (Fig. 1).

Fifteen out of the 62 herds had at least one animal
that seroconverted (median 2; range 1–3) for IBRV.
Of the 925 animals studied, 26 seroconverted and 899
were censored (8978.5 animal-months at risk). The
estimated overall cumulative incidence during the
12 months of study was 3.4% and the average IR was
2.9 per 1000 animal-months at risk. The first case of
seroconversion was observed after 2 months of
exposure (Fig. 2). The incidence by strata for each
of the risk factors is shown in Table 2. The survival
analysis showed differences between strata for herd
seropositivity (P<0.01) and age group of the animal
(P<0.06).

Discussion

The high herd-level (98.4%) and animal-level
(63.2%) seroprevalences for BVDV found in a
previous cross-sectional study (Solorio 2004) indi-
cates that the disease is endemic in the region. Also,
the presence of new seropositive animals to BVDV
(16.4% cumulative incidence, during the 12 month
period of study) suggest that animals were exposed to
BVDV, and the existence of PI-animals in those
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Fig. 1 Seroconversion curves by age group for Bovine viral
diarrhoea virus in 62 dairy herds of Michoacan Mexico
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herds. The IR (15.1 per animal-month at risk) found
in our study is lower than that reported by Rush et al.
(2001) in calves born without evidence of BVDV
infection in two herd of California USA, under more
intensive management conditions. The fact that no all
herds experienced seroconversion during the 12 month
study period could be partially explained by differ-
ences in management practices and biosecurity
measures carried out in each herd. However, as
pointed out by Rush et al. (2001) even herds with
similar management could have different IR, because
of differences in animal contact patterns within herds,
sources of PI animals, differential susceptibility, cattle
density and virulence of the BVDV strains in the
herd. Some studies show that culling of PI animal and
good biosecurity measures might decrease the prev-
alence (Self-clearance) of BVDV (Kampa et al. 2004,
Lindberg and Houe 2005, Stahl et al. 2008). The
principal factors for introduction or reintroduction of
an infection into a herd are purchase of PI animals,
dams carrying PI foetus or contact with PI cattle from
an infected herd (Bitsch et al. 2000). Therefore,
management procedures need to be reviewed to
ensure that adequate biosecurity measures are provid-
ed and that any reintroduction is detected and dealt
with rapidly (Valle et al. 2001).

Herd health programmes should be oriented to
maintain the subclinical status of the disease, but trying
to reduce the incidence to achieve a phase of herds free
of infection and to include measurements to avoid the
introduction of the agent to the susceptible herds (Gunn
2002). In unvaccinated dairy herds (like in this study)
serological testing of bulk milk is a convenient method
for BVDV prevalence screening (Stahl et al. 2002,
Stahl et al. 2008). Bulk milk testing for detection of
antibodies is a fast, non-invasive and cost-effective
method invaluable in the control programmes for
BVDVand bovine herpesvirus type 1 in some countries
(Lindberg and Alenius 1999, Nylin et al. 2000).

The highest seroconversion rate for the young
animals (Table 1) may suggest that young cattle are
more susceptible than old animals to BVDV infection.
However, it is also probable that low seroconversion
in old animals are the result of culling cows with low
performance as a result of subclinical infection with
BVDV.

The low cumulative incidence and IR of IBRV
explain the low herd-prevalence and animal-prevalence
found by Solorio (2004) in a previous study. Hage et al.

(1996) mentioned that after the introduction of the
IBRV in a susceptible herd the infection is distributed
rapidly resulting in clinical or subclinical manifesta-
tions with seroconversion. IBRV seropositive animals
persist for long periods of time, where antibodies could
be detected up to three years after infection (Kaashoek
et al. 1996, Nardelli et al 2008). Bulk milk tests for
antibody detection might be a good alternative to
control the incidence of IBRV. To minimise the risk of
introducing the virus into BHV-1-free herds, the
recognition and removal of animals that are latent
carriers is important in control programmes (Muylkens
et al. 2007).

Herd serostatus was a significant risk factor for IBRV
seroconversion. The incidence of seroconversion was
higher for an animal in a seropositive herd (5.7%) than
one in a seronegative herd (0.8%). This is logical due to
that the presence of infected animals increase the risk of
infection for the susceptible ones. Similar results were
obtained by Nardelli et al (2008) in dairy cattle in Italy.

The patterns of IBVR seroconversion by age
groups were similar to those for BVDV. Animals
lower than 24 months of age had higher incidences
than those >24 months of age; which could be
explained by a higher susceptibility of young animals
or to a process of culling of unproductive adult cows,
some of them probably due to IBRV infection.

Even though introducing cattle to the farm was not
associated with the incidence rate of seroconversion
(P>0.10), cross-sectional studies with beef (Solis-
Calderon et al., 2003) and dairy cattle (Córdova et al.
2003) in Mexico and other countries (Muylkens et al.
2007) indicate that the introduction of the animals is
potentially associated with prevalent BVDV or IBRV
infection. Therefore biosecurity measures should be
encouraged in the target population.

In conclusion, the high herd-level and animal-level
seroprevalences found in a previous study and the
relatively high incidence of seroconversion for BVDV
suggest that a successful BVDV control should be
oriented towards the identification and elimination of
the PI animals and towards avoiding the introduction
of PI cattle to the farm. The scenario of IBRV is
favourable to implement a programme direct to
reduce the number of new seropositive herds. The
low cumulative incidence (here obtained) and low
herd-level and animal-level seroprevalences found in
the same herds might let us think in the implemen-
tation of a culling programme.
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