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Abstract

Bovine Herpes Virus 1 (BoHYis an important viral disease of cattle worldwide. In endemically
infected herds, there is an incomplete understanding of the epidemiology andlsubal impact of
BoH\1 infection. We describe the dynamics of anisiealel BoHVL antibody status on 9

endemically infected commercial dairy farms, based on the results of serial milk antibody testing.
These results were used to identify primary and secondary Boelkposure, and testegative

latent carrier (TNLC) status. 4153 test results from 828 lagtations were analysed. The idence

of exposure (primary and/or secondary) was 0.70 cases per 100 cow days at risk, with a range of
0.19 to 1.28 per farm. Primary exposure occurred in 21 cows on two farms. Exposure incidence
increased in high prevalence herds, whereas TNLC incideaggreater in lower prevalence herds.
BoH\1 incidence may be seasonal in endemically infected herds. Regular secondary exposure is
required to maintain measureable antibody status.
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Introduction

BovineHerpesVirus 1 (BoH\A) is an importanviral disease of cattleorldwide. Infection is
associated withsevererespiratory,reproductive and systemidinical syndromes in cattle (Muylkens
et d., 2007) The virus poses an additional threat due to internationestkrictions on trade of healthy
seropositive animals or semen from such aninfiaylkens et al., 2007Llinical signs are most
commonly associated with primary irdfidlons and latency is a feature of all primanfections
(Muylkens et al., 2007Becondary exposure and recurrence of latent infections ardyrare
accompanied by clinical signs
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1995; Bosch et al., 1996; Kaashoek et al., 1996b; Bosch et al., 1997; Pritchard et alFa2003)
known to influence thaletectableantibody response include the class and glycoprotein specificity
of the antibodymeasuredPastoret et al., 1979; Flores et al., 1993; Madial., 1995; Bosch et al.,
1997; Muylkens et al., 200Aime from exposure to first and second antibody measurement
(Kaashoek et al., 1996moncurrent infections (Cox et al993)and presence of prehallenge
vaccinal antibody (Bosch et al., 1996).
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Data Collection

Individual cow milk recording (by Progressive Genetics, Ireland) was performed on each farm
between 5 and 8 times per farm. For a single milk recording, the individual cow morning and evening
milk yield were recorded and combined to give a daily milk yield. An individual cow milk sample was
collected in the morning and evening and pooled into a sisgimple. The fat, protein and lactose
content and somatic cell count were measured using standard methods by Independent Milk
Laboratories (Co. Cavan, Ireland). The milk sample was then tested for the presence-af BoHV
antibodies by National Milk Laboraies (Glasgow, Scotland) with a commerciaspé&cific antibody
ELISA (ldesXBRgEAb blocking ELISA) in the 2 vaccinating herds, or a total antibody ELISA
(Pourquie®IBRADb indirect ELISAydtitut PourquierSAS, Montpellier, France) in the 7 ron

vaccinating herds. Respective test sensitivity and specificity were assumed as above (Kramps et al.,
2004)

Bulk milk samples were collected periodically over the study period. Between 5 and 7 bulk milk
samples were obtained from each farm. The milk sample was tested for the presence of antibody to
BoH\1 virus by BoFinn Diagnostics Ltd (University College Dublin, Dublin, Ireland). The same
commercial test kits, as outlined previously, were used to test the bilkkgamples from

vaccinating and nowaccinating herds.

The farm owners of each herd were asked to monitor and report clinical signfecfiéusBovine
Rhinotracheitis (IBRn-appetence; shallow or rapid breathing; coughing; nasal discharge; ocular
discharge; conjunctivitis; reduced milk yield; or abortion) that occurred during the study period.

Data management

For the blocking and indirect ELISAS, quantitative optical density results were converted to ‘sample
to negative control’ (S/N) and ‘sample to p
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A final validation step was taken before analysis. All cotatians that changed from positive to
inconclusive / negative between two consecutive tests with the decline in antibody greater than 1
standard deviation of all negative deltas between consecutive teste considered to contain a
false result and wereemoved from the dataseCow lactations with only a single test result were
removed to calculate all incidence parameters.

DefiningBoHVf1Exposure

BoHV1 exposure was assumed to have occurred in either of the following circumstances:

1. Ananimal’'s BoHY ted status changed from negative to positive
2. For consecutive positive results, for the indirect (a) and blocking (b) ELISAs, respectively:
a. The S/P ratio increased by more than the maximum recorded increase in all
consecutive paired results in animals withlyp negative tests
b. The S/N ratio decreased by more than the maximum recorded decrease in all
consecutive paired results in animals with only negative tests

BoHV1 exposure was considered primary (defined as first exposure of a previously naive animal) if
all prior test results were negative, all subsequent tests were positive and there was at least one test
result above the 90 percentile for maximum results from celactations that changed status more

than once (see 1 inigure 1, red line). Otherwise eapure was considered secondary, either as a

result of an increasing positive result (as detailed above; seeigureFL, blue line) or a change

from negative to positive that failed to meet the criteria of a primary exposure (seeigurer,

blue lind. There was no attempt to differentiate reactivation of a latent infection frorexposure

to an external virus; both were assumed to be potential causes of secondary exposure. Exposure was
assumed to occur the day following the first test of the consigeypair. Following either primary or
secondary BoHY exposure, an animal was not considered at risk of further secondary exposure
until there was a drop in antibody level between two consecutive tests. The transition (from ‘not
currently at risk’ to ‘atisk of secondary exposure’) was assumed to have occurred at a date half way
between these consecutive tests.

<Figure 1 here>

Development of tesfiiegative latent carrier (TNLC) status
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The apparent prevalence in the complete data set was described. The true prevalence was
calculated (assuming sensitivity 0.87 and 0.72; specificity 0.99 and 0.92 for the indirect and blocking
ELISA respectively) by established methods for each farm (Cameron, 1999)

In addition, cow lactations were grouped into one of three basic categories: all tests negative; all
tests positive and tests fluctuating between negative and positive and described per farm.

B. BoHV\1 Exposure
Using the definitions of exposure detailed above, the following parameters were calculated:

e The number of test results, and percentaafeherds by defined exposure status, at each milk
recording for individual farms
e The proportion of cowactations with:
1. Evidence of primary BoHVexposure
2. Evidence of at least one secondary BeH&kposure
3. No evidence of either primary or secondary BeH®&xposure (e.g. all test negative
or declining antibody levels only)
« A whole study and monthly incidence rate of primary exposures, secondary exposures and
all exposures (no. of exposures / number of daatation days at risk)

C. Development of TNLC statu
Using the definitions of TNLC status detailed above, the following parameters were calculated:

e The proportion of cow lactations with evidence of development of tesgative latent
carrier status

e A whole study and monthly incidence rate of occurrence of new TNLC animals (no. of
transitions from PN / number of cowlactation days at risk)

e The proportion of all covlactation days with TNLC status for the complete data set and for
individual farms.
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results and 4628 milk recording results relating to 912 cow lactations were present, prior to the
following edits:12 cowlactations, 59 milk recordings and 54 ELISA test results were removed as they
contained more than a single missing result; 2®d.last milk recordings had no corresponding test
result and were removed; and 41 milk recordings and 96 test reseits replaced by the mean of
previous and subsequent results. Therefore, 4581 matched milk recording and ELISA test results for
900 cowlactations were available for further consideration. Following milk yield correction, 4331
(94.5% of 4581) test resultsd not change category, 189 (4.2%) changed from/to an inconclusive
result, 60 (1.3%) changed from positive to negative and a single result changed from negative to
positive.Then, 72 cowactations and 428 paired milk recording and ELISA test resultsremie/ed

due to the cow lactation containing a false result, and 184 inconclusive results had their status
amended to either positive or negative.

The final dataset contained 828 cdactations and 4153 matched milk recordings and ELISA test
results. The @erage number of tests per colaetation was 5.0 with a range from 1 to 8, with 60
cow-lactations having only a single result. In cows with more than one result, the average number of



246  animals was 0.8 and in exposed animals only was 1.2. A primaryBexposure was recorded in
247 21 cows (2.5%) from two herds (10.2 and 11.6% at individual farm [€hebe were501 (60.5%)
248 cowlactatiors with at least one secondaBoH\1 exposure rangng from 22.5to 79.7%per farm

There were306(37.0%) cowlactations with no evidence of BOHV
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The reducing incidence of all types of exposure that occurred from May to October is a very
interesting observation. In seasonal, extensively grazed herds there are severalattessih

spring and early summer that might be causative of increasexttigation of latent BoH\L

infections. These include a high number of cows calving and resultant frequent change to the milking
population, high metabolic stress as the majority of cows approach and pass peak daily milk yield,
variable but improving weather and a variable feed supply depending on grass growth. The weather
in spring in Ireland 2009 was particularly bad with freezing conditions significantly delaying grass
growth. Anoher explanation may be that incidence is associated with the housing period and the
reduction was due to moving to the grazing environment. The sudden reduction in incidence that
occurred from May to June is more consistent with the former explanation.

The increased incidence of becoming a TatdCproportion of cow days iRNLGtatus in lower
prevalence herds is supportive of the theory that regulaexposure is required to maintain
measureable antibody staty&ahrs, 1977; Van der Poel et al., 1995; Kaashoek et ala)l &96
also indicative that there is a higher risk of
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477  Table 1: True prevalence (during theeystudy and study periods) and incidence of BaHékposure
478  (all, primary, secondary) and the development of teepative latent carrier (TNLC) status on 9 Irish
479  dairy farms during 2010, as determined by serial milk antibody testing. Relevant definitions and
480 assumptions are presented in the text.

True prevalence Incidence
(95% confidence interval) (per 100 cow days at rigk
Farm BoHV-1 Exposure
Development of
Prestudy Study All Primary ,\?gco'ndg_rg TNLC status
1* 97 (88-100) 100(98-100) 0.48 - 1.08 0.52 0.13

2*  100(100400)  100(99-100) 0.84 - 156 0.83
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482 Table 2: Summary of test results (all negative, all positive) and-Batgosure (primary,
483 secondary, none) from individual cdactations on 9 Irish dairy farms during 2010, as determined by
484  serial milk antibody testing. Relevant definitions and assuomgtare presented in the text.

(] -f
B @ - (% cow-lactations) (% cow-lactations)
& A Neg | A B R & ‘ B e

1* 108
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486 Table 3: Number of test results at serial test dates and percentage ofambations in defined
487 BoHV1 exposure categories on 2 Irish farms during 2010. These farms were each using IgE deleted
488 BoHV1 marker vaccination. Relevant definitions and assumgtane presented in the text.

o ® & B
] ) R
& 4 8 B
d [ 8
1stN | N-N | PN | 1stP | P-P N-P NP [ PP
1/4/10 90 244 - - 756 - -
05/05/10 104 2.9 192 48 106 606 - 1.9
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490 Table 4Number of test results at serial test dates and percentage of leatations in defined
491 BoHV1 exposure categories on 2 Irish farms during 2010. These farms were not vaccinating against
492 BoHV1. Relevant definitions and assumptions are presented in the text.
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Figure Captions

Figure 1: lllustrative example of serial BeHELISA S/P ratio results assumed to be indicative of
primary and secondary exposure in two unrelatesvdactations (red line, blue line). The example
also illustrates the periods when cows are considered at risk of primary and secondarnl BoHV
exposure. 1=Primary exposure of a naive, @sfative animal; 2=Secondary exposure of a test-
negative latent carrier; 3=Secondary exposure of apesitive carrier animal. *Positive=Higher
than 1 standard deviation (of positive controls) above the manufacturers recommendexdfrut
**nconclusive = within 1 standard deviation (of positaantrols) from the manufacturers
recommended cubff; **Negative = Lower than 1 standard deviation (of positbamtrols) below
the manufacturers recommended coff.
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Figure 2: Incidence (per 100 cow days at risk) of all exposures (primary and secondary) to (A) and
becoming tesnegative latent carriers of (B) BoHMn 2 vaccinating and 7 neraccinating

(including 4 high true prevalence (100%) and 3 low true prevalence (<55%)) Irish dairy farms
monitored by serial individual BoHNMantibody testing
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