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Abstract: Jaagsiekte sheep retrovirus (JSRV) 1is the causative agent of
ovine pulmonary adenocarcinoma (OPA). JSRV infection is usually detected
post-mortem by macroscopic and histological examination of lungs for
lesions of OPA. Subsequently, the presence of JSRV may be confirmed using
reverse-transcriptase polymerase chain reaction (RT-PCR) on tumour
tissue. Our goal was to determine the most effective way of combining
macroscopic and histological examination with reverse transcriptase PCR
(RT-PCR) to detect JSRV infection post-mortem. Lungs of slaughtered sheep
(n=369) with macroscopic lesions were examined macroscopically and
histologically to identify lesions consistent with OPA, and subsequently
subjected to RT-PCR for JSRV. Positive (Ppos) and negative (Pneqg)
agreements and Cohen's Kappa coefficient were calculated between RT-PCR
and: 1) macroscopic examination; 2) histological examination; 3)
macroscopic and histological examination combined in series, and; 4) in
parallel. The highest Ppos was between macroscopic and histologic
examination in parallel and RT-PCR (0.38). Conversely, Pneg for all
combinations of RT-PCR and macroscopic and histological examinations was
high (95-96%). All Kappa values were low (0.1-0.33). This indicates that
macroscopic and histological examination combined in parallel is the most
effective way to identify animals that should be tested using RT-PCR for
JSRV. If a positive result is obtained on macroscopic examination and/or
histological examination, RT-PCR should be carried out to ascertain the
presence of JSRV. The high Pneg indicates that if a negative result is
obtained on macroscopic and histological examination, RT-PCR testing is
not merited, as the result is likely to be negative. This provides an
evidence-base for the diagnosis of JSRV infection.
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Abstract

Jaagsiekte sheep retrovirus (JSRV) is the causative agent of ovine pulmonary
adenocarcinoma (OPA). JSRV infection is usually detected post-mortem by macroscopic and
histological examination of lungs for lesions of OPA. Subsequently, the presence of JSRV
may be confirmed using reverse-transcriptase polymerase chain reaction (RT-PCR) on
tumour tissue. Our goal was to determine the most effective way of combining macroscopic
and histological examination with reverse transcriptase PCR (RT-PCR) to detect JSRV
infection post-mortem. Lungs of slaughtered sheep (n=369) with macroscopic lesions were
examined macroscopically and histologically to identify lesions consistent with OPA, and
subsequently subjected to RT-PCR for JSRV. Positive (Ppos) and negative (Pneg) agreements
and Cohen’s Kappa coefficient were calculated between RT-PCR and: 1) macroscopic
examination; 2) histological examination; 3) macroscopic and histological examination
combined in series, and; 4) in parallel. The highest Pp,s Was between macroscopic and
histologic examination in parallel and RT-PCR (0.38). Conversely, Pyeq for all combinations
of RT-PCR and macroscopic and histological examinations was high (95-96%). All Kappa
values were low (0.1-0.33). This indicates that macroscopic and histological examination
combined in parallel is the most effective way to identify animals that should be tested using
RT-PCR for JSRV. If a positive result is obtained on macroscopic examination and/or
histological examination, RT-PCR should be carried out to ascertain the presence of JSRV.
The high Pneg indicates that if a negative result is obtained on macroscopic and histological
examination, RT-PCR testing is not merited, as the result is likely to be negative. This

provides an evidence-base for the diagnosis of JSRV infection.
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Introduction

Jaagsiekte Sheep Retrovirus (JSRV) is an oncogenic retrovirus that causes ovine pulmonary
adenocarcinoma (OPA), a progressive, fatal, bronchiolo-alveolar carcinoma of sheep
(Griffiths et al., 2015). Infection has been reported in various countries across Europe, Asia,
Africa and South and North America (Griffiths, 2015). Evidence indicates that JSRV is
transmitted primarily via the respiratory route but transmission via colostrum and milk may
also play a role (Grego et al., 2008; Griffiths et al., 2015). Clinical disease is most commonly
reported in adult animals and signs include dyspnoea, tachypnoea, condition loss, nasal
discharge and coughing (Griffiths et al., 2015). After initial introduction of the virus into a
flock, mortality rates may be as high as 30-50% but decrease to 1-5% as the disease becomes
endemic (Griffiths et al., 2015). It is likely that owners of infected flocks suffer financial
losses due to reduced body weights, early culling and increased mortality. Additionally, the
welfare of animals suffering from advanced clinical disease is compromised. Given the long
incubation period (months-years) and the difficulty in accurately diagnosing animals in the
early stages of OPA, the infection is likely highly underreported (Scott et al., 2013).
Knowledge of a flock’s infection status is important, as farmers can undertake various
methods to control the disease, thus improving production and animal welfare (Scott et al.,
2013). A recent survey in Ireland established a preliminary estimate of prevalence of JSRV
infection and OPA as 1.6% and 0.5% respectively in Irish sheep (Lee et al., 2017). A similar
survey in the UK found an OPA prevalence of 0.9% in adult sheep (Cousens et al., 2015).
While the prevalence is therefore likely low, certain flocks have a higher prevalence than
others, meaning these flocks are likely disproportionately affected by the virus (Lee et al,
2017). Therefore, an economically viable, evidence-based method for identifying infected

flocks is necessary for disease control.
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Post-mortem examination, including both macroscopic pathology and histopathology
frequently plays a role in disease prevalence surveys and control programmes. Post-mortem
macroscopic examination (ME) for the detection of the typical macroscopic lung lesions of
OPA followed up with histologic examination (HE) for OPA lesions is currently the standard
method of diagnosing JSRV infection within an individual animal or flock (Scott et al.,
2013). However, ME will not detect animals that are infected with JSRV but have not yet
developed OPA as it is impossible to detect the presence of JSRV based on pathologic
changes alone, and routine post-mortem examination may not detect small, early stage
lesions. Additionally, lesions of OPA may be obscured by concurrent pathology (e.g.

bronchopneumonia, lungworm). Therefore, ME and HE are not without limitations.

Polymerase chain reaction (PCR) on suspect neoplastic lung tissue for JSRV are sometimes
used as an aid to post-mortem examination. In the diagnostic setting, this is mainly used as a
follow-up test to confirm equivocal cases based on the assumption of a high sensitivity and
specificity when performed on OPA tumour tissue (Scott et al., 2013). However, there is, to
the authors’ knowledge, no evidence-based information as to how PCR should be combined
with ME and HE to optimise post-mortem detection of JSRV infection in the literature. This
information is vital for diagnostic accuracy as well as for optimising management of

resources.

The goal of this study was to determine an optimal way of using ME and HE along with
reverse-transcriptase PCR (RT-PCR) in order to detect JSRV infection post-mortem. This
provides a diagnostic evidence base to assist veterinary pathologists and veterinarians in their

application and interpretation of macroscopic and histological post-mortem findings.
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Materials and Methods

The study population consisted of 369 adult (over one year old) lowland and highland breeds
of sheep slaughtered at an Irish abattoir between September and November 2015, as
described elsewhere (Lee et al., 2017). The sheep originated from 127 Irish flocks in 18
counties with the majority being cull ewes. No animals were slaughtered specifically for the

purposes of this study.

Subsequent to slaughter and evisceration, lungs were selected for further examination (ME,
HE and RT-PCR), by visual examination and palpation at the abattoir over the course of ten
separate visits in September-November 2015. A team of 2 - 3 veterinarians were responsible
for initial lung examination and selection on each visit; these included first author (AML)
accompanied by veterinarians from the Department of Agriculture, Food and the Marine
(DAFM) experienced in post-mortem examination of farm animals. All lungs displaying
significant macroscopic lesions of any type were selected for further examination. Most lungs
displayed numerous subpleural, dark red, pinpoint foci due to aspiration of blood at slaughter

and those with only this change were excluded from the study.

After initial selection, lungs were subject to ME and categorised according to the gross
appearance of the lesions present as previously described (Lee et al., 2017). These categories
included abscesses, cranioventral consolidation, discolouration, fibrosis, focal firm nodule(s),
mineralisation, subpleural parasitic granulomas, macroscopic suspect OPA, uncollapsed
lungs and other lesions that did not fit into the aforementioned categories (i.e. other). The

macroscopic changes characterising each category have been described in detail previously

6
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(Lee et al., 2017) and the above-mentioned categories were based on commonly described
pathologic changes found in sheep lungs (Caswell and Williams, 2016). A section of tissue
approximately one cm® was taken from each pulmonary lesion at the border between the
lesion and normal tissue, where possible. These samples were processed routinely for
histology and stained with haematoxylin and eosin (H&E). Also during ME, a smaller portion
of tissue (0.5 cm®) was taken from the pulmonary lesions directly adjacent to the site sampled
for histology and subjected to real-time RT-PCR for JSRV. Sample preservation, nucleic acid
extraction and the RT-PCR protocol was carried out according to standard procedure as
described previously (Lee et al., 2017). Macroscopic examination and HE was carried out by
AML and RT-PCR was carried out by EC (co-author). A diagnosis of JSRV infection (based
the presence of macroscopic OPA lesions) on ME was constituted by locally extensive, well-
demarcated, consolidated, heavy, oedematous, grey-purple areas (Caswell and Williams,
2016). A diagnosis of JSRV infection (based on the presence of histologic OPA lesions) on
HE was constituted by single or multifocal, well-demarcated-infiltrative tumours with
papillary/lepidic/acinar growth patterns consisting of cuboidal-columnar cells supported by a
fine fibrous stroma and surrounded by macrophage infiltration (Caswell and Williams, 2016).
On RT-PCR, test samples with a cycle threshold value of < 38 were considered positive for
JSRV. Only sheep positive for JSRV on RT-PCR were considered to be infected with JSRV,

regardless of what macroscopic or histopathologic lesions were present.

Measures of agreement were calculated for the following pairs of tests: ME and RT-PCR, HE
and RT-PCR, ME and HE combined in series (ME-HEsgies) and RT-PCR, and ME and HE
combined in parallel (ME-HEaraney and RT-PCR (Table 1). If two tests are combined in
series to diagnose a condition, a positive result on both tests must be obtained for the overall
result to be considered positive (Figure 1A). If two tests are combined in parallel to diagnose

7
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the same condition, a positive result on one or both tests is sufficient for the overall result to
be considered positive (Figure 1B). In the context of this study, the two diagnostic procedures
combined in series or in parallel are considered to be one diagnostic test. Measures of
agreement calculated included positive agreement (Pyos) and negative agreement (Pneg) USing
Microsoft Excel 2010. Positive agreement is the number of positive results that both tests
agree on expressed as a proportion of the average number of positive results obtained from
both tests. Similarly, Pyeq is the number of negative results that both tests agree on expressed
as a proportion of the average number of negative results obtained from both tests (Cicchetti
and Feinstein, 1990). Standard errors (SE) of Pyos and Preq for construction of approximate
95% confidence intervals (Cls) were derived using the Delta method (Oehlert, 1992)
exploiting their correspondence with Chamberlain’s Ppos and Pneg (Cicchetti and Feinstin,

1990). Formulae for calculations were as follows, based on the 2x2 table shown in Table 2:

2a
P .=
PSS (a+b+c+d)+(a—d)

n 2d
"9 (a+b+c+d) —(a—d)

P _ a
Pa = a+b+c
2 T (1-Py)
SE(Ppos)= —| % _ba\~ ‘paj
(1+Ppa) a+b+c
b d
" h4c+d
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For purposes of comparison, Cohen’s kappa co-efficient (Kappa) and 95% Cls was calculated

using IBM SPSS Statistics 24 (Cohen, 1960).

In this study, inferences were drawn primarily from the values for Ppos and Ppeg (s opposed to
Kappa). This is because Ppos and Preg identify how the tests behave separately for infected and
non-infected animals, which is more in line with the goals of this investigation. Relying on
the value of Kappa alone in studies such as this is misleading, as Kappa is an omnibus index
which combines both positive and negative agreement (Cicchetti and Feinstein, 1990). Such
omnibus indices may have deceptive effects on the interpretation of results, as the
contribution of positive and negative agreement to the value of Kappa cannot be evaluated
separately, and the observational process will be obscured (Cicchetti and Feinstein, 1990). To
fully appraise results of studies on test agreement, examination of the Ppos and Ppeg
individually should be carried out, as this may yield a more nuanced interpretation of the

results (Cicchetti and Feinstein, 1990).
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Results

Three hundred and sixty-nine lungs out of the 1911 examined (19%) were selected due to the
presence of macroscopic lesions of any type on preliminary examination at the abattoir. As
outlined in Figure 2, 18 lungs were classed as positive for JSRV infection (based on the
presence of macroscopic lesions consistent with OPA) by ME. Twelve lungs had lesions
consistent with JSRV infection (based on the presence of histologic lesions consistent with
OPA) by HE. Thirty lungs were positive for JSRV by RT-PCR. These results are described in
greater detail elsewhere (Lee et al., 2017). In summary, six cases of JSRV infection were
diagnosed by RT-PCR in sheep with macroscopic OPA lesions, seven causes of JSRV
infection were diagnosed in sheep with histologic OPA lesions, four cases of JSRV infection
without histologic lesions were diagnosed, and five tumours with JSRV RT-PCR negative
status (i.e. non-OPA tumours) were detected. Only two sheep were confirmed to be infected
with JSRV that had OPA lesions detected on both ME and HE. Nineteen sheep were positive

for JSRV by RT-PCR that were negative on ME and HE.

Results for calculations of the measures of agreement are shown in Table 3. Py values
ranged from 0.13 to 0.38, whereas Pneq Values ranged from 0.95-0.96. The highest Pyos was
obtained between ME-HEparaiel and RT-PCR (0.38). In general, Kappa values were low (0.12
to 0.33) with three values falling into the range of ‘slight agreement” and two into the range
of “fair agreement’ (Kundel and Polansky, 2003). The highest Kappa value (0.33) was
obtained for agreement between ME-HEaraiiel and RT-PCR, the same pair of tests for which

the highest Pyos was obtained.
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Discussion

The aim of this study was to determine an optimal way of using ME and HE along with RT-

PCR in order to detect JSRV infection post-mortem in a group of sheep.

The Ppos between ME-HEparae and RT-PCR (0.38; 95% ClI: 0.32 - 0.44) was the highest
obtained, indicating that this particular combination of tests yields the highest percentage of
true positives for JSRV. However, given that this value represents a relatively low level of
correlation with RT-PCR, RT-PCR is recommended to rule in or out the presence of JSSRV
infection. although was still low. This approach increases the number of true JSRV-positive
cases diagnosed compared to using ME-HE series; (36% [11/30] of JSRV-positive animals
were diagnosed using the methods in parallel compared to 6% [2/30] using the methods in
series) or individually. If lungs were selected for RT-PCR based on ME alone, only 20%
(6/30) cases of JSRV infection would have been diagnosed. If lungs were selected based on
HE alone, only 23% (7/30) cases of JSRV infection (the seven sheep with OPA) would have
been diagnosed. In other words, if lungs are macroscopically positive for OPA and/or
histologically positive for OPA, RT-PCR is a useful adjunct tool to confirm if JSRV is
present and to detect false positives which would have resulted by using ME and/or HE

alone, without RT-PCR.

A consistently high Pyeq Was obtained for all combinations of tests (0.95 - 0.96), showing a
high agreement of negative status between tests. This indicates that when there is a negative
test result for ME, HE, ME-HEgeries, Or ME-HEparaiiel, RT-PCR will almost always be

negative.

11
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Therefore the recommendations based on these results are: 1) preselect lungs from the sheep
population of interest that have macroscopic lesions of any type for further macroscopic,
histopathologic and RT-PCR examination, 2) if a sample of sheep lung contains lesions
consistent with JSRV infection (based on the presence of OPA lesions on ME and/or HE)
RT-PCR should be performed to determine if JSRV involvement is present and 3) if a sample
of sheep lung does not contain lesions consistent with JSRV infection (based on the absence
of lesions of OPA on both ME and HE), a subsequent RT-PCR is unnecessary, as it is also
very likely to be negative. This guidance differs from the generally-accepted method of post-
mortem OPA (and hence JSRV infection) diagnosis in which ME followed by HE are usually
considered sufficient for both positive and negative OPA diagnosis (Scott et al., 2013), with
PCR on lung tissue only being used in equivocal cases in which other lesions (e.g.
bronchopneumonia) may obscure those due to OPA (Scott et al., 2013). In addition, the
definition of what constitutes an equivocal case is subjective. The approach outlined above is
most useful in detecting whether or not JSRV infection is present in a group of animals (e.g.
cohorts from the same flock) whose lungs are examined post-mortem as part of a flock health

investigation of respiratory disease, ill-thrift or other relevant problem.

This approach may seem somewhat contradictory, as 19 cases of JSRV infection were missed
(those that had no lesions of OPA on ME or HE). However if the goal of the investigation is
to ascertain if infection is or is not present in a flock, the approach outlined here is sufficient,
as it is not necessary to detect every case, and the cost of carrying out RT-PCR on all animals
examined is great. For instance, the cost of an RT-PCR test for JSRV as offered by the
Department of Agriculture Laboratory Service in Ireland is €10.10 ($11.40 US dollars/£8.70
pounds sterling at the time of writing). Therefore, the cost of testing all sheep with any type
of gross lesions selected for further testing in this study (n = 369) would have been €3726.90,

12
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compared to the €282.80 required to test all those with macroscopic or histologic lesions (n =
28). This constitutes a cost saving of 92%. Given the low prevalence of JSRV infection and
OPA in Ireland and the UK we anticipate that the number of lungs to be tested during flock

health surveys would not be excessive (Cousens et al., 2015; Lee et al., 2017).

We note parenthetically that Kappa values obtained for agreement between RT-PCR and the
other tests (0.1-0.33) were low, indicating poor agreement when corrected for chance (Cohen,
1960). However, as discussed previously, the single omnibus value of Kappa gives us no
indication of how to deal with positive versus negative results. Therefore, the Kappa-
coefficient serves little practical use in this study as it provides no help in indicating how to
use the diagnostic tests described, although its calculation emphasizes the limitations of this

commonly used measure of agreement.

A potential limitation of this study is the assumption of perfect sensitivity and specificity of
the RT-PCR for JSRV. It is assumed that current RT-PCR techniques detecting the unique
U3 region of the JSRV long terminal repeat approach 100% specificity (Bai et al., 1996). The
sensitivity of PCR using the same primers assessed in vitro suggests this assay can detect a
single molecule of template DNA in a background of 500ng of normal sheep genomic DNA
(Palmarini et al., 1996). As all previous studies have, to the authors’ knowledge, invariably
found OPA-affected lung tissue to be positive by PCR or RT-PCR for JSRV (Bai et al., 1996;
Caporale et al., 2005; De Las Heras et al., 2005; Garcia-Goti et al., 2000; Gonzalez et al.,
2001; Kycko et al., 2008; Palmarini et al., 1996; Palmarini et al., 1999; Salvatori et al., 2004)
and as we are using the same primers and conditions, we consider the assumption regarding

sensitivity and specificity to be reasonable.
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Our approach was developed using a population of clinically normal slaughtered sheep.
Therefore, the most useful application of this study may be in investigations aiming to detect
the presence of JSRV infection within an individual population or flock. This is different to
the context of post-mortem examination on an individual animal where more information is
usually available (e.g. clinical and flock history and full examination of the animal carcass).
In this case, the use of RT-PCR may be at the pathologist’s discretion and may take into
account other factors, such as the value of the animal or the flock. In contrast, in a prevalence
survey for JSRV infection. it is important in the context of study design that all animals are

tested identically, so all (or none) should have PCR carried out.

This study has value in that it provides evidence-based information regarding the diagnosis of
JSRV infection. Traditionally, pathology relies on empirical knowledge to make diagnoses
(Wick and Marchevsky, 2011). However, a more evidence-based approach also has merit
(Fleming, 1996). Evidence-based medicine “depends on the use of logic and appropriate
statistical methods to identify data-based concepts and procedures and separate them from
observational ones” (Wick and Marchevsky, 2011). In human medicine many studies have
been undertaken to assess the reliability and consistency of anatomical pathological
diagnoses, both histologic and macroscopic (Fleming, 1996). We suggest a similar approach

be adopted in veterinary medicine as described in the present study.

Conclusion

We have shown that the use of ME and HE in parallel is optimal in terms of reaching a

diagnosis of JSRV infection at post-mortem. If a positive result on either or both of these
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tests is obtained, a confirmatory RT-PCR for JSRV should be carried out. If a negative result
on both tests is obtained, the sample is likely to yield a negative RT-PCR result and therefore

testing is unlikely to aid the diagnostic process in the vast majority of cases.

Given that the prevalence of JSRV is generally low in the sheep population, we predict that
most animals will be negative for both macroscopic and histologic lesions of OPA and RT-
PCR testing will not be required. However, RT-PCR, when applied based on the presence of

OPA lesions on ME and/or HE, is a useful adjunct to diagnosing JSRV infection in sheep.
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462  Tables

463
Table 1. Agreement between RT-PCR and a) histologic examination, b) macroscopic
examination, ¢) macroscopic examination and histologic examination in series, and
d) macroscopic and histologic examination in parallel during ovine lung tissue
diagnosis of Ovine Pulmonary Adenocarcinoma in Ireland, 2015.
Test RT-PCR
Positive Negative Total
a. Histologic examination Positive 7 5 12
Negative 23 334 357
Total 30 339 369
b. Macroscopic examination Positive 6 12 18
Negative 24 327 351
Total 30 339 369
c. Macroscopic exaination and Positive 2 0 2
histologic examination in series Negative 28 339 367
Total 30 339 369
d. Macroscopic and histologic Positive 11 17 28
examination in parallel Negative 19 322 341
Total 30 339 369
464
465
466
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Table 2: Two-by-two table as used for the calculation of positive and negative agreement.

Test 2
Test 1 + -
+ a b at+b
- C d c+d
atc b+d a+tb+c+d
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Table 3. Results for calculations of measures of agreement. Py,

Positive agreement; Ppeq, Negative agreement; «, Kappa; 95% CI, 95%

confidence interval.

IDpos IDneg K
95% CI 95% CI 95% ClI

Histologic examination 0.33 0.96 0.30

and RT-PCR (0.27-0.39)  (0.95-0.97) (0.12-0.49)
Macroscopic examination 0.25 0.95 0.20

and RT-PCR (0.21-0.29)  (0.93-0.96) (0.04-0.38)
Macroscopic and 0.13 0.96 0.12
histologic examinations in ~ (0.11-0.14)  (0.95-0.97) (0.00-0.27)
series and RT-PCR

Macroscopic and 0.38 0.95 0.33
histologic examinationsin ~ (0.32-0.44)  (0.93-0.96) (0.14-0.49)

parallel and RT-PCR
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Figure legends

Figure 1: Tests interpreted in series and in parallel. A) Two diagnostic tests used in series: A
positive result on both tests must be obtained for the overall result to be considered positive.
A negative result on one or both tests is considered to be a negative result. B) Two diagnostic
tests used in parallel: A positive result on one or both tests must be obtained for the overall
result to be considered positive. A negative result on both tests is considered to be a negative

result.

Figure 2: Venn diagram showing the process used for selection of lungs as well as
distribution of the results of the macroscopic and histological examination for lesions
consistent with Ovine Pulmonary Adenocarcinoma and reverse-transcriptase polymerase
chain reaction (RT-PCR) for Jaagsiekte Sheep Retrovirus in 369 sheep in Ireland (September-
December 2015). HE: Histologic examination; HSO: Histologically-suspect OPA; ME:

Macroscopic examination; MSO: Macroscopic-suspect OPA.
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