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Abstract 16 

Bovine Herpes Virus 1 (BoHV-1) is an important viral disease of cattle worldwide. In endemically 17 
infected herds, there is an incomplete understanding of the epidemiology and sub-clinical impact of 18 
BoHV-1 infection. We describe the dynamics of animal-level BoHV-1 antibody status on 9 19 
endemically infected commercial dairy farms, based on the results of serial milk antibody testing. 20 
These results were used to identify primary and secondary BoHV-1 exposure, and test-negative 21 
latent carrier (TNLC) status. 4153 test results from 828 cow-lactations were analysed. The incidence 22 
of exposure (primary and/or secondary) was 0.70 cases per 100 cow days at risk, with a range of 23 
0.19 to 1.28 per farm. Primary exposure occurred in 21 cows on two farms. Exposure incidence 24 
increased in high prevalence herds, whereas TNLC incidence was greater in lower prevalence herds. 25 
BoHV-1 incidence may be seasonal in endemically infected herds. Regular secondary exposure is 26 
required to maintain measureable antibody status. 27 
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Introduction 30 

Bovine Herpes Virus 1 (BoHV-1) is an important viral disease of cattle worldwide. Infection is 31 
associated with severe respiratory, reproductive and systemic clinical syndromes in cattle (Muylkens 32 
et al., 2007). The virus poses an additional threat due to international restrictions on trade of healthy 33 
seropositive animals or semen from such animals (Muylkens et al., 2007). Clinical signs are most 34 
commonly associated with primary infections and latency is a feature of all primary infections 35 
(Muylkens et al., 2007). Secondary exposure and recurrence of latent infections are rarely 36 
accompanied by clinical signs 
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1995; Bosch et al., 1996; Kaashoek et al., 1996b; Bosch et al., 1997; Pritchard et al., 2003). Factors 56 
known to influence the detectable antibody response include the class and glycoprotein specificity 57 
of the antibody measured (Pastoret et al., 1979; Flores et al., 1993; Madic et al., 1995; Bosch et al., 58 
1997; Muylkens et al., 2007), time from exposure to first and second antibody measurement 59 
(Kaashoek et al., 1996b), concurrent infections (Cox et al., 1993) and presence of pre-challenge 60 
vaccinal antibody (Bosch et al., 1996). 
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Data Collection 96 

Individual cow milk recording (by Progressive Genetics, Ireland) was performed on each farm 97 
between 5 and 8 times per farm. For a single milk recording, the individual cow morning and evening 98 
milk yield were recorded and combined to give a daily milk yield. An individual cow milk sample was 99 
collected in the morning and evening and pooled into a single sample. The fat, protein and lactose 100 
content and somatic cell count were measured using standard methods by Independent Milk 101 
Laboratories (Co. Cavan, Ireland). The milk sample was then tested for the presence of BoHV-1 102 
antibodies by National Milk Laboratories (Glasgow, Scotland) with a commercial gE-specific antibody 103 
ELISA (Idexx® IBRgE-Ab blocking ELISA) in the 2 vaccinating herds, or a total antibody ELISA 104 
(Pourquier® IBR-Ab indirect ELISA, Institut Pourquier SAS, Montpellier, France) in the 7 non-105 
vaccinating herds. Respective test sensitivity and specificity were assumed as above (Kramps et al., 106 
2004). 107 

Bulk milk samples were collected periodically over the study period. Between 5 and 7 bulk milk 108 
samples were obtained from each farm. The milk sample was tested for the presence of antibody to 109 
BoHV-1 virus by BoFinn Diagnostics Ltd (University College Dublin, Dublin, Ireland). The same 110 
commercial test kits, as outlined previously, were used to test the bulk milk samples from 111 
vaccinating and non-vaccinating herds. 112 

The farm owners of each herd were asked to monitor and report clinical signs of Infectious Bovine 113 
Rhinotracheitis (IBR) (in-appetence; shallow or rapid breathing; coughing; nasal discharge; ocular 114 
discharge; conjunctivitis; reduced milk yield; or abortion) that occurred during the study period. 115 

Data management 116 

For the blocking and indirect ELISAs, quantitative optical density results were converted to ‘sample 117 
to negative control’ (S/N) and ‘sample to p
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A final validation step was taken before analysis. All cow lactations that changed from positive to 136 
inconclusive / negative between two consecutive tests with the decline in antibody greater than 1 137 
standard deviation of all negative deltas between consecutive tests were considered to contain a 138 
false result and were removed from the dataset. Cow lactations with only a single test result were 139 
removed to calculate all incidence parameters. 140 

Defining BoHV-1Exposure 141 

BoHV-1 exposure was assumed to have occurred in either of the following circumstances: 142 

1. An animal’s BoHV-1 test status changed from negative to positive 143 
2. For consecutive positive results, for the indirect (a) and blocking (b) ELISAs, respectively:  144 

a. The S/P ratio increased by more than the maximum recorded increase in all 145 
consecutive paired results in animals with only negative tests 146 

b. The S/N ratio decreased by more than the maximum recorded decrease in all 147 
consecutive paired results in animals with only negative tests 148 

BoHV-1 exposure was considered primary (defined as first exposure of a previously naïve animal) if 149 
all prior test results were negative, all subsequent tests were positive and there was at least one test 150 
result above the 90th percentile for maximum results from cow-lactations that changed status more 151 
than once (see 1 in Figure 1, red line). Otherwise exposure was considered secondary, either as a 152 
result of an increasing positive result (as detailed above; see 3 in Figure 1, blue line) or a change 153 
from negative to positive that failed to meet the criteria of a primary exposure (see 2 in Figure 1, 154 
blue line). There was no attempt to differentiate reactivation of a latent infection from re-exposure 155 
to an external virus; both were assumed to be potential causes of secondary exposure. Exposure was 156 
assumed to occur the day following the first test of the consecutive pair. Following either primary or 157 
secondary BoHV-1 exposure, an animal was not considered at risk of further secondary exposure 158 
until there was a drop in antibody level between two consecutive tests. The transition (from ‘not 159 
currently at risk’ to ‘at risk of secondary exposure’) was assumed to have occurred at a date half way 160 
between these consecutive tests. 161 

<Figure 1 here> 162 

Development of test-negative latent carrier (TNLC) status 163 
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The apparent prevalence in the complete data set was described. The true prevalence was 172 
calculated (assuming sensitivity 0.87 and 0.72; specificity 0.99 and 0.92 for the indirect and blocking 173 
ELISA respectively) by established methods for each farm (Cameron, 1999). 174 

In addition, cow lactations were grouped into one of three basic categories: all tests negative; all 175 
tests positive and tests fluctuating between negative and positive and described per farm. 176 

B. BoHV-1 Exposure 177 

Using the definitions of exposure detailed above, the following parameters were calculated: 178 

• The number of test results, and percentage of herds by defined exposure status, at each milk 179 
recording for individual farms 180 

• The proportion of cow-lactations with: 181 
1. Evidence of primary BoHV-1 exposure 182 
2. Evidence of at least one secondary BoHV-1 exposure 183 
3. No evidence of either primary or secondary BoHV-1 exposure (e.g. all test negative 184 

or declining antibody levels only)  185 

• A whole study and monthly incidence rate of primary exposures, secondary exposures and 186 
all exposures (no. of exposures / number of cow-lactation days at risk) 187 
 188 

C. Development of TNLC status 189 

Using the definitions of TNLC status detailed above, the following parameters were calculated: 190 

• The proportion of cow lactations with evidence of development of test-negative latent 191 
carrier status 192 

• A whole study and monthly incidence rate of occurrence of new TNLC animals (no. of 193 
transitions from P-N / number of cow-lactation days at risk) 194 

• The proportion of all cow-lactation days with TNLC status for the complete data set and for 195 
individual farms. 196 

D.  
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results and 4628 milk recording results relating to 912 cow lactations were present, prior to the 208 
following edits: 12 cow-lactations, 59 milk recordings and 54 ELISA test results were removed as they 209 
contained more than a single missing result; 29 1st or last milk recordings had no corresponding test 210 
result and were removed; and 41 milk recordings and 96 test results were replaced by the mean of 211 
previous and subsequent results. Therefore, 4581 matched milk recording and ELISA test results for 212 
900 cow-lactations were available for further consideration. Following milk yield correction, 4331 213 
(94.5% of 4581) test results did not change category, 189 (4.2%) changed from/to an inconclusive 214 
result, 60 (1.3%) changed from positive to negative and a single result changed from negative to 215 
positive. Then, 72 cow-lactations and 428 paired milk recording and ELISA test results were removed 216 
due to the cow lactation containing a false result, and 184 inconclusive results had their status 217 
amended to either positive or negative. 218 

The final dataset contained 828 cow-lactations and 4153 matched milk recordings and ELISA test 219 
results. The average number of tests per cow-lactation was 5.0 with a range from 1 to 8, with 60 220 
cow-lactations having only a single result. In cows with more than one result, the average number of 221 
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animals was 0.8 and in exposed animals only was 1.2. A primary BoHV-1 exposure was recorded in 246 
21 cows (2.5%) from two herds (10.2 and 11.6% at individual farm level). There were 501 (60.5%) 247 
cow-lactations with at least one secondary BoHV-1 exposure, ranging from 22.5 to 79.7% per farm. 248 

There were 306 (37.0%) cow-lactations with no evidence of B0HV-
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The reducing incidence of all types of exposure that occurred from May to October is a very 325 
interesting observation. In seasonal, extensively grazed herds there are several stress factors in 326 
spring and early summer that might be causative of increased re-activation of latent BoHV-1 327 
infections. These include a high number of cows calving and resultant frequent change to the milking 328 
population, high metabolic stress as the majority of cows approach and pass peak daily milk yield, 329 
variable but improving weather and a variable feed supply depending on grass growth. The weather 330 
in spring in Ireland 2009 was particularly bad with freezing conditions significantly delaying grass 331 
growth. Another explanation may be that incidence is associated with the housing period and the 332 
reduction was due to moving to the grazing environment. The sudden reduction in incidence that 333 
occurred from May to June is more consistent with the former explanation. 334 

The increased incidence of becoming a TNLC and proportion of cow days in TNLC status in lower 335 
prevalence herds is supportive of the theory that regular re-exposure is required to maintain 336 
measureable antibody status (Kahrs, 1977; Van der Poel et al., 1995; Kaashoek et al., 1996a). It is 337 
also indicative that there is a higher risk of 
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Table 1: True prevalence (during the pre-study and study periods) and incidence of BoHV-1 exposure 477 
(all, primary, secondary) and the development of test-negative latent carrier (TNLC) status on 9 Irish 478 
dairy farms during 2010, as determined by serial milk antibody testing. Relevant definitions and 479 
assumptions are presented in the text. 480 

Farm 

True prevalence 
(95% confidence interval) 

Incidence 
 (per 100 cow days at risk) 

Pre-study  Study  
BoHV-1 Exposure Development of 

TNLC status All  Primary  Secondary  
N-P P-P 

1* 97 (88-100) 100 (98-100) 0.48 - 1.08 0.52 0.13 
2* 100 (100-100) 100 (99-100) 0.84 - 1.56 0.83 
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Table 2: Summary of test results (all negative, all positive) and BoHV-1 exposure (primary, 482 
secondary, none) from individual cow-lactations on 9 Irish dairy farms during 2010, as determined by 483 
serial milk antibody testing. Relevant definitions and assumptions are presented in the text.  484 

F arm  C o w -
lact at io n s  

T est  resu lt s  
(% cow-lactations) 

B o H V - 1 e xp o su r e  
(% cow-lactations) 

Al l  N e g  Al l  Po s  Prim ar y  Seco n d a r y  N o n e  

1 *  108

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

F arm  T est  
d at e  

C o w -
lact at io n s 

t est ed  

% co w - lact at io n s in  d ef in ed  B o H V - 1  exp o su re cat e g o ries  

N o  Exp o su re  
Exp o su r e  

Prim ar y  Seco n d a r y  
1st N N-N P-N 1st P P-P N-P N-P P-P 

1 

1/4/10 90 24.4 - - 75.6 - - - - 
05/05/10 104 2.9 19.2 4.8 10.6 60.6 - 1.9 - 
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Table 4: Number of test results at serial test dates and percentage of cow-lactations in defined 490 
BoHV-1 exposure categories on 2 Irish farms during 2010. These farms were not vaccinating against 491 
BoHV-1. Relevant definitions and assumptions are presented in the text.  492 

F arm  T est  d at e 
C o w
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Figure Captions 494 

495 
Figure 1: Illustrative example of serial BoHV-1 ELISA S/P ratio results assumed to be indicative of 496 
primary and secondary exposure in two unrelated cow-lactations (red line, blue line). The example 497 
also illustrates the periods when cows are considered at risk of primary and secondary BoHV-1 498 
exposure. 1=Primary exposure of a naive, test-negative animal; 2=Secondary exposure of a test-499 
negative latent carrier; 3=Secondary exposure of a test-positive carrier animal. *Positive=Higher 500 
than 1 standard deviation (of positive controls) above the manufacturers recommended cut-off; 501 
**Inconclusive = within 1 standard deviation (of positive controls) from the manufacturers 502 
recommended cut-off; ***Negative = Lower than 1 standard deviation (of positive controls) below 503 
the manufacturers recommended cut-off. 504 
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 505 

Figure 2: Incidence (per 100 cow days at risk) of all exposures (primary and secondary) to (A) and 506 
becoming test negative latent carriers of (B) BoHV-1 in 2 vaccinating and 7 non-vaccinating 507 
(including 4 high true prevalence (100%) and 3 low true prevalence (<55%)) Irish dairy farms 508 
monitored by serial individual BoHV-1 antibody testing 509 
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