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Circovirus vaccination decisions:
Herd profiling and next generation diagnostic testing
Dick Hesse, PhD; Bob Rowland, PhD
Kansas State Veterinary Diagnostic Laboratory, Department of Diagnostic Medicine/Pathobiology, Kansas State 
University, Manhattan, Kansas

Introduction
The poultry industry has used flock profiling as a disease 
control production tool for decades. Common pathogens 
screened for on a flock basis include: Newcastle Disease 
Virus (NDV), Infectious Bronchitis Virus (IB), Infectious 
Bursal Disease Virus (IBD-XR), Avian Encephalomyelitis 
(AE), Avian Reovirus, Avian Leucosis, Pasteurella multo-
cida (Fowl Cholera), Chick Anemia Virus, Mycoplasmas 
(MG, MS, MM), and Avian Influenza.

Routine Flock profiling offers a tool to effectively monitor 
flock health performance and make management decisions 
to maintain optimum production. Decisions are profile-
based and typically include:

• Monitor the pathogen profile in a flock.

• Monitor antibody responses following vaccination.

• Measure the level and uniformity of antibodies in 
breeder flocks and maternal antibodies in young 
 chicks.

• Compare serologic patterns of “good” and “poor” 
performing flocks.

• Evaluate and improve vaccination programs.

• Effectively monitor vaccine efficacy, vaccination tim-
ing, and administration practices.

Porcine Circovirus circulation in 
herds—what tools do we have?
As we look toward the future, field vaccine studies have 
identified important questions in the development of a new 
generation of PCV2 vaccines and accompanying tests. Can 
incorporation of an ORF2 protein derived from PCV2b 
offer improved effectiveness? What is the role of maternal 
antibody in blocking vaccination? Are there serological 
targets that can be used for vaccination compliance and to 
differentiate infected from vaccinated animals (DIVA)? 
Which PCV2 genotype circulates in the herd??

Are PCVAD infectious co-factors circulating in the herd? 
Will vaccine efficacy decay over time as a result of genetic 
mutation or selection of novel chimeric viruses?

These are all questions that need to be and can be answered 
for PCV2 and the other major swine pathogens—through 

the use of a variety of diagnostic assays and herd profil-
ing. Is it time for the swine industry to seriously start herd 
profiling in a production setting?

PCV2 herd profiling
The easiest profile to generate is the herd “Snap-shot” 
profile. Typically, serum samples are collected from the 
sow herd and from pigs at 3, 6, 9, 12, 15, and 18 weeks 
of age. The best information is obtained when samples 
are tested individually for antibody to PCV2. Because of 
expense, PCV2 detection is usually run on group samples 
pooled in sets of 5; the presence of virus and genotype is 
determined via differential real time PCR or sequencing 
of ORF2.

If the herd has a PCVAD history, it is important to test 
for the presence and onset of infectious co-factors such as 
PRRS, SIV and Mycoplasma and/or other problem agents 
endemic in the herd. The choice of antigen or antibody 
detection for infectious co-factors is dependent on what 
circulates in the herd and available tests.

Serum samples are typically submitted to AAVLD ap-
proved diagnostic laboratories. The test methods and 
quality control systems employed at these laboratories as-
sure accurate test results. There may be slight differences 
in some of the assays offered by the different diagnostic 
laboratories; the user should ask laboratory staff about the 
pros and cons of their tests.

Presented below are a series of graphs that depict real herd 
profiles and brief interpretations of the data.

Maternal derived antibody (MDA)
The sow herd (depicted in Figure 1) is positive for PCV2, 
it has an overall Geometric Mean Titer (GMT) of 420, but 
there is little consistency of the antibody levels among 
the sows. Approximately 50% of the animals have titers 
above 320 and below 320. Generally speaking, a newborn 
pig’s MDA titer is equal to or 2-fold higher than its dam’s 
antibody titer and MDA will decay by half at ~14 day 
intervals. With this much antibody variation, one would 
expect a wide range of titers in the pigs that will be vac-
cinated. If maternal antibody causes vaccine interference, 
then a significant number of animals will not be effectively 
 immunized (Figure 1).
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Herd profile

Figures 2 and 3

Figures 4 and 5

Figure 1

Sow herd PCV2-IFA profile 
(GMT=420)
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These herds have two distinctly different PCV2 profiles. 
The herd on the left is a small closed herd with little or 
no clinical disease and no PRRS. The herd on the right 
is a typical production herd and has a history of PCVAD 
and is PRRS positive. The profiles indicate that herd X 
has low levels of PCV2; the sows apparently don’t pro-
vide much MDA to their offspring and serconversion 
to PCV2 doesn’t occur until after 19 weeks of age. The 
production herd Y has a typical antibody profile; pigs 
receive significant levels of MDA from their dams, the 
MDA declines approximately 50% at 2 week intervals, 
and PCV2 circulates in the herd between 10 and 12 week 
of age. There is a significant difference in antibody levels 

between gilts (G) and sows (S); these differences will be 
reflected in the levels of MDA in their litters and uniform 
vaccine response may be achieved.

PCV2 circulation

Herd X PCV2-PCR profile
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The presence of circulating PCV2 is typically monitored 
by PCR; due to expense, samples are frequently pooled 
(5/pool/age group) and the presence of PCV2 is deter-
mined as a function of age. As seen in the antibody graphs 
above, herd X seroconverts to PCV2 by 24 weeks of age, 
the PCR demonstrates that virus starts circulating after 
14 weeks of age. Differential PCR demonstrated that the 
PCV2 virus that circulates in this herd was PCV2a. Dif-
ferential PCR results demonstrate that in the production 
herd Y, PCV2 circulates after 8 weeks of age (when MDA 
wanes) and PCV2b genotype is the virus that circulates 
(Figures 4 & 5).

Maternal antibody and vaccination 
 interference
The herd profiles in the Table 1 and Figure 6 shows antibody 
levels at 3 weeks of age (time of vaccination), 9 weeks of age 
(3 weeks post second vaccination) and 18 weeks of age. The 
data demonstrate that pigs with MDA titers < 320 responded 
to vaccination and pigs with MDA titers > 320 did not. The 
data also show that in the finish, PCV2 was circulating and 
some of the pigs that did not have a vaccine “take” became 
infected and had a rise in titer. Pigs with a vaccine take ap-
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peared to be resistant to infection as demonstrated by lack 
of antibody rise durning finish.

The herd profile data presented in Figure 6 shows similar 
results to data presented in Table 1. Pigs that have MDA 
titers < 320 responded to vaccination, whereas pigs with 
MDA titers > 320 didn’t.

Infectious co-factor circulation and 
timing of PCV2 vaccination
PRRSV is the most common infectious co-factor that 
appears with PCV2 in herds exhibiting PCVAD. Herd 
profiling methods for antibody and/or virus can be used 
to monitor when the PRRS virus circulates and thus en-
sure that pigs are vaccinated for PCV2 prior to exposure. 

MDA and Vaccine “Take”

Tag # 3 weeks 9 weeks 18 weeks

83 40 640 160

85 80 2561 640

84 80 2561 640

100 80 1280 320

24 80 1280 320

88 160 1280 320

36 320 1280 640

93 320 2560 640

97 320

45 320 80 80

37 640 160 2561

94 640 160 2561

96 640 160 80

92 640 160 2561

5 640 160 80

82 640 160 160

89 640 160 320

87 640 80 2561

86 640 80 2561

95 640

98 640 160 80

90 1280 20 2561

91 1280 80 80

18 2560 320 2561

99 2561 320 80

Table 1

Similar profiling methods are available for swine influenza 
and mycoplasma hyopneumonia. PCV2 vaccination prior 
to infectious co-factor exposure results in significant re-
duction in clinical disease—timing is everything and herd 
profiling lets the producer know when to make educated 
management decisions.

Next generation diagnostic testing

Realtime PCR-keeping current.
Quantitative real-time PCR assay development that differ-
entiates PCV2a from PCV2b and will differentiate PCV2 
c, d, or e (when they show up) is an ongoing effort that 
needs to be constantly addressed. At KSVDL, we monitor 
and “tweak” our assay in order to ensure complete cover-
age of field viruses, currently we are on the 5th generation 
PCV2 PCR assay.

A future assay that may provide more information and rapid 
turn around is based on a technique called Pyrosequencing 
where sequence information is generated concurrently with 
PCR. The assay system should be able to rapidly provide 
positive identification of the agent in question and the ge-
netic sequence to determine if it is a new strain.

Serological multiplex
Figure 7 shows developmental work for a quantitative 
multiplex serological assay that is designed specifically 
for herd profiling. The above graph show early work where 
a “pig profile” is generated to PRRS N protein, PCV2b 
capsid protein, PRRS NSP2 DIVA indicator, and a green 
fluorescent protein vaccination compliance marker. When 
the assay is finished, it will provide quantitative infor-
mation about antibody levels against PCV2a, PCV2b, 
exposures to North American or EuroPRRS, will be able 
to differentiate infected or vaccinated animals (DIVA), 
and determine if vaccination compliance has occurred. 
Since it is a multiplex assay, all of the test “targets” will be 
contained in a single reaction well in one complete assay 
system instead of six separate assays. Multiplexing should 

Figure 6
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Figure 7

Multiplex assay development
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significantly reduce costs and significantly decrease turn 
around times.

Conclusion
The future is upon us. Swine production strategies are 
changing and margins are becoming slimmer. In order to 
achieve maximum productivity the producer and swine 
veterinarian need to take advantage of “tools” that are 
available to combat disease. Herd profiling is a” tool” that 
provides useful information about the health of the herd 
and provides guidance in making cost-effective health 
management decisions. The key to success is to ask the 
right questions and take proper actions in a timely fash-
ion. Herd profiling is a key tool for answering the “right 
 questions”.
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