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accepted as recommended tests for international trade, the correlation 

between detection of neutralizing or ELISA-detectable antibodies and 

detection of viral nucleic acid in latently infected cattle has not been 

fully studied. In order to investigate such correlation, 248 bovine serum 

samples were tested by VN in search for neutralizing for antibodies to 

BoHV-1 and BoHV-5, as well as in a commercial gB ELISA designed to detect 

BoHV-1 gB antibodies. At the time of sampling, cattle were slaughtered 

and trigeminal ganglia (TG) collected for nucleic acid detection (NAD) of 

viral genomes by nested PCR. The results of the serological tests were 

compared to those of NAD. Neutralizing antibodies to BoHV-1 and/or BoHV-5 

were detected in 44.8% (111/248) of sera, whereas the gB ELISA detected 

antibodies in 51.2% (127/248) of the samples. However, viral genomes of 

either BoHV-1, BoHV-5 or both were detected in TGs of 85.9% (213/248) of 

the sampled animals. These findings reveal that both VN and gB ELISA have 

significant limitations in its capacity to detect BoHV-1- or BoHV-5-

infected animals. Such observations must be taken into account when 

designing control or eradication programs, and, particularly, whenever 

BoHVs may interfere in international trade, where serological tests are 

often taken as diagnostic references. 
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Abstract 

Bovine herpesvirus types 1 (BoHV-1) and 5 (BoHV-5) are infectious agents of livestock 

capable of establishing latent infections in neuronal ganglia. Serological tests are usually 

employed to check the individual or herd status of infection. However, despite virus 

neutralization (VN) and enzyme-linked immunosorbent assays (ELISAs) are accepted 

as recommended tests for international trade, the correlation between detection of 

neutralizing or ELISA-detectable antibodies and detection of viral nucleic acid in latently 

infected cattle has not been fully studied. In order to investigate such correlation, 248 

bovine serum samples were tested by VN in search for neutralizing for antibodies to 

BoHV-1 and BoHV-5, as well as in a commercial gB ELISA designed to detect BoHV-1 

gB antibodies. At the time of sampling, cattle were slaughtered and trigeminal ganglia 

(TG) collected for nucleic acid detection (NAD) of viral genomes by nested PCR. The 

results of the serological tests were compared to those of NAD. Neutralizing antibodies 

to BoHV-1 and/or BoHV-5 were detected in 44.8% (111/248) of sera, whereas the gB 

ELISA detected antibodies in 51.2% (127/248) of the samples. However, viral genomes 

of either BoHV-1, BoHV-5 or both were detected in TGs of 85.9% (213/248) of the 

sampled animals. These findings reveal that both VN and gB ELISA have significant 

limitations in its capacity to detect BoHV-1- or BoHV-5-infected animals. Such 

observations must be taken into account when designing control or eradication 

programs, and, particularly, whenever BoHVs may interfere in international trade, where 

serological tests are often taken as diagnostic references. 
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1. Introduction 

Bovine herpesvirus 1 (BoHV-1) and bovine herpesvirus 5 (BoHV-5) are members of the 

order Herpesvirales, family Herpesviridae, subfamily Alphaherpesvirinae, genus 

Varicellovirus (Davison et al., 2009). Both are economically important veterinary 

pathogens and, like other alphaherpesviruses, are typically recognized for its capacity to 

establish latent infections in neuronal ganglia (Meyer et al., 2001; Pellett and Roizman, 

2013).  

BoHV-1 is the causal agent of a number of clinical conditions, including infectious bovine 

rhinotracheitis (IBR), infectious pustular vulvovaginitis (IPV), abortion and transient 

infertility (Gibbs and Rweyemamu, 1977; Ackermann et al., 1990). When present, 

clinical signs of infection are usually mild and despite the often high morbidity, mortality 

rates are usually low (Muylkens et al., 2007). Following a pattern common to many 

herpesviruses, the number of infected animals tends to be significantly higher than those 

displaying clinically apparent disease (Pellett and Roizman, 2013). The closely related 

BoHV-5, on its turn, is the major causative agent of bovine herpetic 

encephalitis/meningoencephalitis, although on occasions it has been recovered from the 

genital and respiratory tracts of cattle (Bratanich et al., 1991; Meyer et al., 2001). As with 

BoHV-1, BoHV-5 infected animals surpasses by far those with clinical disease. 

However, BoHV-5 infections are more drastic in that, when clinically manifested; BoHV-

5 encephalitis/meningoencephalitis is usually fatal (Salvador et al., 1998; Del Medico 

Zajac et al., 2010).  

BoHV-1 has been eradicated in countries of the European Union (EU) but still is 

endemic in many beef producer countries in America, Europe and Asia (Ackermann and 

Engels, 2006). In contrast, BoHV-5 has rarely been reported in countries of the northern 

hemisphere (Del Medico Zajac et al., 2010). Nevertheless, the latter is becoming a 

major reason for concern in the southern hemisphere, particularly Brazil, Argentina and 

Uruguay, where its prevalence seems quite significant (Silva et al., 2007; Furtado et al., 

2014). There is no explanation to why the virus would be more prevalent in southern 

than northern countries; it has been suggested - although not really proven – that 

widespread vaccination to BoHV-1 – what is not largely practiced in South American 

countries - would be responsible for such peculiar distribution. 

Detection of infected cattle is pivotal to control or eradication attempts. However, cattle 

may not respond with a detectable antibody response following infection, and evidence 

suggests that in fact many latently infected of viral genome-bearing animals react 

negatively in serological tests (Campos et al., 2009). Thus, although recommended tests 

for international trade include VN or ELISA, the correlation between detection of 

neutralizing antibodies and viral NAD in infected cattle has not been fully studied. In 

order to investigate such correlation, serum samples of cattle destined to slaughtering 

were tested for antibodies to BoHV-1 and BoHV-5 by VN and gB ELISA. The results 

were compared to NAD of viral genomes by nPCR in TG tissues. 

 



2. Materials and Methods 

Samples were collected in abattoirs in the state of Rio Grande do Sul (Brazil) and in the 

province of Minas, Lavalleja (Uruguay). Blood samples and trigeminal ganglia (TG) were 

collected at the time of slaughtering from 248 randomly chosen adult cattle of mixed 

breeds, male and female, with ages around 4 years. Blood samples were processed and 

sera stored at – 20 °C. Madin-Darby bovine kidney (MDBK, originally ATCC- CCL22) 

cells were used to multiply BoHV-1 and BoHV-5 reference strains (details below). The 

cells were multiplied and maintained in Eagle’s minimal essential medium (EMEM, 

Gibco) supplemented with 2-10% fetal bovine serum (SFB, Gibco) and antibiotics (10 

IU/ml penicillin, 10 mg/ml streptomycin (Cultilab), 2 mg/ml amphotericin B (Cristalia). 

The TG were collected in pairs as described (Campos et al., 2009; Furtado et al., 2014), 

stored individually in 6-well plates and transported to the laboratory under refrigeration. 

At the time of processing, the TG were cut in several pieces, stored in wells of 24-well 

plates and frozen at -80 ºC. All samples were carefully and separately handled to avoid 

cross-contamination. 

Neutralizing antibodies to BoHV-1 and BoHV-5, were assayed in 24-hour VN assays as 

recommended for international trade (OIE, 2013), with BoHV-1 strain Cooper (Schwyzer 

and Ackermann, 1996) and BoHV-5 strain EVI-88/95 (Esteves et al., 2008) as challenge 

viruses. Serum samples of all 248 cattle under study were tested. Briefly, 50 µl of each 

serum were mixed with equal volumes of a suspension containing 100 fifty percent 

tissue culture infectious doses (TCID50) of either BoHV-1 or BoHV-5. After a 24 h pre-

incubation at 37 oC, 100 µl of a cell suspension containing approximately 3 to 4 x 104 

cells were added to each well. Plates where then incubated at 37oC in a 5% CO2 

incubator. After five days after incubation the plates were examined and infectious titers 

were determined with basis on the detection of cytopathic effect and calculated by the 

method of Reed and Muench (1938). 

The detection of anti-BoHV-1 antibodies in bovine samples was performed using a 

commercially available, glycoprotein-B-specific indirect ELISA (IDEXX IBR gB X3 Ab 

Test; HerdChek, IDEXX Laboratories). The tests were performed according to the 

supplier’s instructions and the absorbance at 450 nm was measured in a 

spectrophotometer. 

Viral NAD was performed in total DNA extracted from approximately 50 mg of tissues of 

each TG as described previously (Sambrook and Russel, 2001). A non-type-

discriminative PCR targeting a region [~570 base pair (bp)] on the UL44 gene (the gC 

coding gene) was performed to detect simultaneously BoHV-1 and BoHV-5 (Esteves et 

al., 2008).Type-specific differentiation was achieved with the aid of a subsequent nested 

PCR (nPCR) performed on the products of the first reaction with type-specific primers 

(Campos et al., 2009). In this reaction, primers targeting an internal region of BoHV-1 

UL44 gene are expected to give rise to a 161 bp product, whereas BoHV-5 primers 

should amplify a 236 bp-long amplicon. To avoid contamination with PCR products, 

separate rooms were used to extractions of ganglia DNA, to prepare PCR buffers, and 



to examine PCR products. Filter tips were used throughout; work benches were 

decontaminated with UV light and negative controls were included in every five 

reactions.  

Data were used to draw area-proportional Venn diagrams with aid of the Venn Diagram 

Plotter (Micallef and Rodgers, 2014). Additionally, the values of sensitivity, specificity, 

predictive positive value (PPV), predictive negative value (NPV), accuracy and Kappa 

index were calculated with respect to NAD, compared with VN and gB ELISA assays 

using the Data Analysis Supplement for ExcelTM (Office System 2010 for WindowsTM, 

Microsoft Corp). 

 

3. Results and Discussion 

Results of VN (Table 1) revealed neutralizing antibodies to either virus type in 111/248 

(44.8%) of the samples examined, as follows: 13.5% out of the 111 VN-positive samples 

reacted to BoHV-1 only, whereas 9% out of the 111 VN-positive sera reacted to BoHV-5 

only; 77.5% of the 111 VN-positive sera had crossreacting neutralizing antibodies to 

both virus types. The gB ELISA (Table 1), on its turn, as it is a non-discriminative 

antibody test, detected antibodies to either BoHV-1 or BoHV-5 in 127/248 (51.2%) of the 

sera. Together, VN and gB ELISA, detected 142/248 (57.3%) of the animals as 

seropositives (data not show). The NAD (Table 1) revealed that 213/248 (85.9%) of the 

animals carried genomes of either virus type in its TG tissues: 7% contained only BoHV-

1 DNA; 17.4% contained only BoHV-5 DNA, whereas 75.6% of the samples contained 

DNA of both viruses. 

The results were used to draw the Venn diagram (Micallef and Rodgers, 2014) shown in 

Figure 1. The diagram allows a more discriminative visualization of the total reactive 

sera at VN, gB ELISA and NAD. Neutralizing antibodies where detected in 104/213 

(48.8%) and gB antibodies detected in 122/213 (57.3%) of samples positive at NAD 

assays. 

It became clear that NAD assays detected a greater number of infected animals than did 

serological tests. These where then compared in contingency tables to determine its 

relative efficiency (Table 2). Using NAD as a reference test, the sensitivity of the VN was 

48% with 80% specificity. For the gB ELISA, the sensitivity was 57%, with 85% 

specificity. The level of agreement between VN and gB ELISA was quite substantial (κ = 

0.63; CI 95% = 0.52 - 0.72). However, when comparing VN to NAD, a slight agreement 

(κ = 0.13; CI 95% = 0.05 - 0.19) was detected. When the gB ELISA was compared to 

NAD, the level of agreement was fair (κ = 0.21; CI 95% = 0.12 - 0.26). 

The findings reported here provide clear evidence that results of serological tests to 

BoHV-1 or BoHV-5 must be interpreted with caution, since a significant number of 

animals may be reported as non-reagents, while carrying viral genomes and, as such, 

being potential virus shedders. Animals with latent infections may have low antibody 

titers that may not be detected by such tests (Alonzo et al., 2012). In addition, fluctuation 

in antibody titers is a recognized fact in other herpesvirus infections (Minhas et al., 



2008). It is possible that such fluctuation may eventually give rise to false negative 

results in the serological assays performed here. Nonetheless, the most relevant fact is 

that a significant number of infected animals would not be detected by serological 

assays. 

In this context, false negative animals may compromise control or eradication attempts. 

Here, even after adding the results of both antibody assays, a significant proportion 

(79/213 or 37%) of the BoHV genome-carrying animals would go undetected. This is 

highly significant in that such level of false-negativity would undoubtedly compromise 

attempts to control or eradication of the infection, which usually involve strategies based 

on the identification and removal of positive reagents. 

In addition, false positive results may also lead to important losses by condemning 

animals of economic interest. In the present study, the eight samples did not react 

positively at NAD but resulted positive at VN (3 samples), gB ELISA (1 sample) or both 

antibody assays (4 samples). It may be argued that the sensitivity of the NAD method 

employed here might have missed genomes in TG tissues with less than 25 genomes 

copies/200 ng of total ganglion DNA, which is the through level of the nPCR employed 

(Campos et al., 2009). However, it seems likely that such samples were from 

vaccinated, uninfected animals. Unfortunately, it was not possible to trace back the 

vaccination history of the animals participating in the study; nevertheless, the authors 

believe that a previous vaccination history with no actual contamination would be most 

likely explanation for such findings. Unfortunately, until methods for detection of latent 

infections in vivo become available, such animals would be considered infected by 

serological assays. In this case, unless differential vaccines are introduced, there is no 

possible way to differentiate infected from vaccinated animals other than by performing 

NAD search in tissues at slaughtering. 

 

4. Conclusion 

The results here presented allow us to observe the significant limitations that serological 

tests may bring when used as diagnostic tests to define BoHV-infected and/or 

uninfected cattle. These findings reveal that the serological prevalence determined in 

endemic areas are most likely underestimated. This may be the reason why control of 

bovine herpesvirus infections have only been achieved in a few countries (Ackermann et 

al., 1990). The need to investigate methods to detect latently infected, live animals, is 

highlighted by the findings reported here. 
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Figure caption 

 

Figure 1. Comparison of the distribution of positive samples in the three assays 

performed in the present study: A: virus neutralization (VN); B: gB ELISA; C: NAD 

(n=221/248).  



Table 1. Detection of antibodies to BoHV-1 and / or BoHV-5 in serum [virus neutralization (VN) and gB ELISA] and nucleic acid detection (NAD) in trigeminal 

ganglia (TG) of slaughtered cattle. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
#: number of reactive samples and percentages in parentheses. 

 

 

 

 

 

 

 
VN gB ELISA NAD 

 BoHV-1 only BoHV-5 only 
BoHV-1 and 

BoHV-5 
Total 

BoHV-1 

and/or 

BoHV-5 

BoHV-1 

only 
BoHV-5 only 

BoHV-1 and 

BoHV-5 
Total 

 
# # # # # # # # # 

Positive 15 (13.5%) 10 (9%) 86 (77.5%) 111 (44.8%) 127 (51.2%) 15 (7%) 37 (17.4%) 161 (75.6%) 213 (85.9%) 

Negative --- --- --- 137 (55.2%) 121 (48.8%) --- --- --- 35 (14.1%) 

Total --- --- --- 248 (100%) 248 (100%) --- --- --- 248 (100%) 



Table 2 – Comparison between results of: a) Virus neutralization (VN) and gB ELISA; b) VN and 

nucleic acid detection (NAD); and c) NAD and gB ELISA. Sensitivity, specificity, negative predictive 

value (NPV), positive predictive value (PPV) and precision were calculated (CI= 95%) and are shown in 

the footnote. 

 

a) VN versus gB ELISA: 

 

VN 
gB ELISA 

Positive Negative Total 

Positive 96 (0.39) 15 (0.06) 111 (0.45) 

Negative 31 (0.13) 106 (0.43) 137 (0.55) 

Total 127 (0.51) 121 (0.49) 248 

Sensitivity: 75.6% (70.1 – 79.8%); 

Specificity: 87.6% (81.9 – 92.0%); 

PPV: 86.5% (80.3 – 91.3%); 

NPV: 77.4% (72.3 – 81.3%); 

Accuracy: 81.5% (75.9 – 85.8%); 

Kappa index (κ)= 0.63 (CI=0.52 – 0.72). 

 

b) VN versus NAD: 

 

VN 
NAD 

Positive Negative Total 

Positive 104 7 111 

Negative 109 28 137 

Total 213 35 248 

Sensitivity: 48.8% (46.2 – 50.6%); 

Specificity: 80.0% (63.7 – 90.8%); 

PPV: 93.7% (88.6 – 97.1%); 

NPV: 20.4% (16.3 – 23.2%); 

Accuracy: 53.2% (48.6 – 56.3%); 

κ= 0.13 (CI=0.05 – 0.19). 

 
c) gB ELISA versus NAD: 

 

gB ELISA 
NAD 

Positive Negative Total 

Positive 122 5 127 

Negative 91 30 121 

Total 213 35 248 

Sensitivity: 57.3% (54.7 – 58.7%); 

Specificity: 85.7% (70.1 – 94.5%); 

PPV: 96.1% (91.8 – 98.5%); 

NPV: 24.8% (20.3 – 27.3%); 

Accuracy: 61.3% (56.9 – 63.8%); 

κ= 0.21 (CI=0.12 – 0.26). 

 



Table 1. Detection of antibodies to BoHV-1 and / or BoHV-5 in serum [virus neutralization (VN) and gB ELISA] and nucleic acid detection (NAD) in trigeminal ganglia 

(TG) of slaughtered cattle. 
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Positive 15 (13.5%) 10 (9%) 86 (77.5%) 111 (44.8%) 127 (51.2%) 15 (7%) 37 (17.4%) 161 (75.6%) 213 (85.9%) 

Negative --- --- --- 137 (55.2%) 121 (48.8%) --- --- --- 35 (14.1%) 

Total --- --- --- 248 (100%) 248 (100%) --- --- --- 248 (100%) 
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nucleic acid detection (NAD); and c) NAD and gB ELISA. Sensitivity, specificity, negative predictive 

value (NPV), positive predictive value (PPV)and precision were calculated (CI= 95%) and are shown in 

the footnote. 

 

a) VN versus gBELISA: 

 

VN 
gB ELISA 

Positive Negative Total 

Positive 96 (0.39) 15 (0.06) 111 (0.45) 

Negative 31 (0.13) 106 (0.43) 137 (0.55) 

Total 127 (0.51) 121 (0.49) 248 

Sensitivity: 75.6%(70.1 – 79.8%); 

Specificity: 87.6% (81.9 – 92.0%); 

PPV: 86.5% (80.3 – 91.3%); 

NPV: 77.4% (72.3 – 81.3%); 

Accuracy: 81.5% (75.9 – 85.8%); 

Kappa index (κ)= 0.63 (CI=0.52 – 0.72). 

 

b) VN versus NAD: 

 

VN 
NAD 

Positive Negative Total 

Positive 104 7 111 

Negative 109 28 137 

Total 213 35 248 

Sensitivity: 48.8% (46.2 – 50.6%); 

Specificity: 80.0% (63.7 – 90.8%); 

PPV: 93.7% (88.6 – 97.1%); 

NPV: 20.4% (16.3 – 23.2%); 

Accuracy: 53.2% (48.6 – 56.3%); 

κ= 0.13 (CI=0.05 – 0.19). 

 
c) gB ELISA versus NAD: 

 

gBELISA 
NAD 

Positive Negative Total 

Positive 122 5 127 

Negative 91 30 121 

Total 213 35 248 

Sensitivity: 57.3% (54.7 – 58.7%); 

Specificity: 85.7% (70.1 – 94.5%); 

PPV: 96.1% (91.8 – 98.5%); 

NPV: 24.8% (20.3 – 27.3%); 

Accuracy: 61.3% (56.9 – 63.8%); 

κ= 0.21 (CI=0.12 – 0.26). 

 

Table 2
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