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Montserrat Torremorell, DVM, PhD

PIC, Franklin, Kentucky

Herd monitoring is a major component of any compre-
hensive health program. Monitoring occurs at different
levels with varying objectives. When monitoring herds
for health, the aim is to determine whether a change in
the health status has occurred and also to prevent this
change from occurring. Since a major factor that may in-
fluence a change in a herd’s health status is the introduc-
tion of a new disease, monitoring of the biosecurity pro-
tocols and the introduction of semen and animals is also
of the utmost importance. Timely, accurate, and reliable
monitoring is critical to managing health in a system.
Timely monitoring may help to prevent the spread of dis-
ease to an uninfected system or to parts of a system.

Different strategies are used for health monitoring. First
and foremost is the evaluation of clinical signs and
changes in production parameters. An increase in cough-
ing pigs, scours, lameness, mortality rates, abortions, etc.
will trigger an inspection that may indicate a breakdown
in the health system. Routine necropsy work-ups and
slaughter checks may also be used to monitor herds. In
these cases, the monitoring is not pathogen-specific and
has greater sensitivity when trying to detect rough changes
in health.

Specific pathogen monitoring is also conducted routinely
to evaluate herd health. In this case, monitoring is done
through the use of diagnostic techniques. These techniques
will allow the direct detection of the pathogen or a change
in the host immune response to an infection.

Bacterial and viral cultures, PCR-based techniques (PCR,
nested PCR, Taqman), and immunohistochemistry are
some of the  tests used to directly detect an antigen or
parts of it. Alternatively,  serological tests are used to de-
tect the presence of antibodies developed in response to
an infection. Techniques such as ELISA, IFA (immunof-
luorescence antibody), SN (serum neutralization), and
IHA (hemagglutination inhibition) are used for this
purpose.

The objective of this paper is to discuss the use of sero-
logical techniques and their limitations with respect to
variability, accuracy, and reliability when applied to rou-
tine herd health monitoring in presumed negative
populations.

Serologic monitoring

A perfect test would be the one that detects as positive
animals that are truly positive and as negative animals
that are truly negative. Ideally, we would like a test with
100% sensitivity (probability to correctly identify a true-
positive animal) and 100% specificity (probability to cor-
rectly identify a true-negative animal). Unfortunately such
a test does not exist. The increased sensitivity of a test
comes at the expense of its specificity. In another words,
any diagnostic procedure carries an inherent risk of false-
positive or false-negative results. In addition, as the num-
ber of tests increases, so does the potential for erroneous
results (Tyler and Cullor, 1989).

Serological testing of negative populations
When routinely monitoring negative populations we face
a dilemma.  On one hand we want to have the ability to
detect very low levels of infection and use the results as
an early warning system and, on the other hand, we want
to use tests that yield no false-positives so we avoid con-
fusion and panic. Therefore, serological monitoring of
presumed negative populations is especially tricky be-
cause a positive result may be difficult to interpret. In
addition, the results of an incorrect interpretation may be
disastrous.

Commercially available serological tests were designed
to monitor populations with the intent to conduct disease
profiling and to document presence or absence of disease
in a population. In swine, where herds are large, serologi-
cal herd monitoring requires a combination of “the test
characteristics” and statistics applied to probabilities of
disease detection given an estimated prevalence.

Many of the tests routinely used in swine show a certain
percentage of false-positives in truly negative populations
and these false-positives become a  headache for the prac-
titioners to interpret. The following paragraphs will dis-
cuss the limitations of the most commonly used test in
swine for PRRSV monitoring and how to interpret posi-
tive results in negative populations and which strategies
can be followed to clarify the results. 
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PRRSV
The most commonly used test to monitor for porcine re-
productive and respiratory syndrome (PRRS) infection is
the commercially available test manufactured by IDEXX.
IDEXX first commercialized the HerdCheck ELISA test
in 1993. In 2002, it was replaced by the HerdCheck 2XR
test. Manufacturer estimates for the HerdCheck original
test are 99.5% and 100% for specificity and sensitivity,
respectively; the 95% confidence interval for specificity
is 98.3–99.9% (IDEXX HerdCheck PRRS ELISA pack-
age insert). The new test, HerdCheck 2XR, has—accord-
ing to manufacturer specifications—a sensitivity and
specificity of 97.4% and 99.6%, respectively, with a 95%
confidence interval for specificity of 97.8%–99.9%
(IDEXX HerdCheck 2XR PRRS ELISA package insert).
Therefore, a range of 1.0–2.2% of false-positives can be
expected in the HerdCheck 2XR test. Under field condi-
tions, however, it appears that the specificity may be
slightly lower. In one study using the HerdCheck test, the
percentage of false-positives was found to be age depen-
dent with a higher percentage of false-positive animals
found in the oldest animals—0.4% in animals younger
than 10 weeks, 0.71% in animals 11–36 weeks, and 1.3%
in animals older than 36weeks of age (Torremorell et al.,
2002). In addition, in three different studies, using the
HerdCheck 2XR the overall percentage of false-positives
was found to be 1.4% (Keay and Morrison, 2003), 1.13%
(Polson et al., 2003), and 2.6% (Morrison-Torremorell
personal communication).

The specificity across diagnostic case submissions using
the HerdCheck 2XR test can be quite variable. In one
study, the percentage of false-positives across case sub-
missions ranged between 0% to 13.3%, with 22% of the
cases having at least 5% false-positives and an overall
specificity of 97.4% (Morrison-Torremorell personal
communication).

Figure 1 shows the probability of finding a certain num-
ber of false-positives given a test that is 97.4% specific.
According to this graph, the probability of having 2 false-
positives in a test that is 97.4% specific is 0.25. Figure 2
shows the probability of detecting less than a specific
number of false-positives. For instance, the probability

of detecting less than 2 false-positives with a test that is
97.4% specific is 0.6%. Also, in two different studies,
33% and 50% of the cases submitted from naive popula-
tions had at least one false-positive when evaluated by
the HerdCheck 2XR test (Keay and Morrison, 2003;
Morrison-Torremorell personal communication).

The bottom line is that the specificity of the routinely used
IDEXX ELISA tests for PRRSV when monitoring nega-
tive populations is high (>97%) but not 100% and it can
be quite variable across case submissions. Therefore an
action plan is needed to sort out whether those results are
truly positive or not.

Strategies to sort out the false-positives
Because false-positives can be attributed to numerous
causes such as laboratory errors and cross-reactions, it is
recommended to first request a repeat of the test of the
same sample using the same test.

Secondly, a retest of the same sample with a serological
test that uses different physical properties may be used.
In the US, the IFA test is used as the back-up test for the
HerdCheck test. Other tests that may be used are the
IPMA, blocking ELISAs, and SN tests. However, it is
important to be cautious about using a test with a lower
sensitivity than the original test since  a false-negative
could result.

A PCR reaction with the aim to detect the actual antigen
can also be used. This strategy assumes that an infection
may be present and if that is the case, then the antigen
should be found. The PCR can be conducted in the origi-
nal sample or the specific animal can be rebled if there is
a risk the sample has been contaminated.

As part of the strategy for sorting out false-positives, a
retest of the population should be done as well. If a true
positive result existed in the first test, it is expected to
find new positives in the retest. The same animal as well
as in-contact animals or animals located in high-risk ar-
eas should be retested. In order to allow the presumed
seroconversion to happen, rebleed should happen at least
10–14 days after the first testing.
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Figure 1. Probability of detecting false-positives
with a test that has specificity of 97.4%
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Figure 2. Cumulative probability of detecting less
than a specific number of false-positives with a

test that has specificity of 97.4%
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An additional measure and the most extreme  is the
necropsy of the animal that reacted to the positive result.
In that case, efforts need to be made to find the antigen in
the animal tissues.

What to know about the false-positives for PRRSV
by the IDEXX test
The false-positive results, often called single reactors,
using the HerdCheck test may have high sample-to-posi-
tive (s/p) ratios. Although a percentage of false-positives
will be detected around the 0.4s/p cut-off value, s/p ratios
higher than 1.0 are common (Figure 3). Also, the s/p ratio
values for the false-positives tend to be higher on the 2XR
test than in the old IDEXX test (Polson et al., 2003). In
addition, these single reactors may behave randomly. In
some cases, the animals will be positive on retest and in
others will be negative or will become negative soon after.

On some occasions, false-negatives with the HerdCheck
test have also been detected. Dee (personal communica-
tion) documented the presence of animals near or below
the cut-off ELISA point that were found on necropsy to
have the virus sequestered in lymph nodes. However, it
must be stated that all these animals were originally posi-
tive and slowly became negative at the very end of the
infection. They would have been detected as part of a
positive population under normal circumstances. Also, it

is not known if these animals were actually capable of
shedding the virus at that very late point in the infection
process. Still, this suggests that the test cannot be used
with complete confidence in individual animals and is
better suited for use in populations.

Discussion

As discussed above, the serological tests by themselves
present limitations in their ability to address all the ques-
tions faced when monitoring presumed negative popula-
tions. The main limitation derives from the fact that sero-
logical tests are designed to be used as “herd tests” and
not as a definite “individual tests.” Most of the commonly
used serological tests for routine monitoring in swine are
considered very good tests since the sensitivity and speci-
ficity are high (>98%). However, their limitations need
to be understood and overcome with additional sampling
protocols and testing strategies. One of the strategies may
include the retest of the population 2 weeks after the origi-
nal test was positive with the intention of detecting
seroconversion. Another strategy may include the increase
of sample size to detect low disease prevalence and the
use of additional diagnostic techniques (complementary
antibody test or antigen detection). Also, it is important
to consider that in swine herds, it is not unusual to deal

Regression
95% confid.

VAR1 vs. VAR2 (Casewise MD deletion)

VAR2 = .13047 + .81582 * VAR1

Correlation: r = .77095
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Figure 3. Correlation between test and retest of the same sample using the HerdCheck tests—s/p ratio
values for false-positive results
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with several epidemiological units in the same herd (i.e.,
an epidemiological unit could be defined as a single air
space or barn) and because of cost constraints samples
from each of the epidemiological units may not be taken.
Therefore the number of barns to monitor, the number of
samples taken in each unit, the frequency when these
samples will be taken and the level of risk to take will
need to be balanced with the cost constraints. Statistical
tables are available as a guideline to decide on the num-
ber of samples to collect given an estimated prevalence.

Again, understanding the limitations of the serological
tests and the epidemiology of the disease will allow prac-
titioners to take educated decisions on the interpretation
of the results. 
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