PORCINE CYTOMEGALOVIRUS
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SUMMARY

Etiology
e Porcine cytomegalovirus (PCMV) is an enveloped DNA virus belonging to the family
Herpesviridae and the subfamily Betaherpesvirinae.
o Infection with PCMV has previously been known as ‘inclusion body rhinitis’ based on the
histopathological characteristics of the disease.

Cleaning and Disinfection
o Little is known about PCMV in the environment. The virus appears to survive in subzero
temperatures.
o Chloroform and ether inactivate PCMV. Povidone-iodine (7.5%) is effective against human
cytomegalovirus (human herpesvirus 5). Most herpesviruses are also susceptible to 30% ethanol
and isopropanol, 1% sodium hypochlorite, formaldehyde, 0.12% ortho-phenylphenol, and 0.04%
glutaraldehyde.

Epidemiology

e Swine are the natural host for PCMV.

e |nfection with PCMV has not been documented in humans; however, concern about transmission
through xenotransplantation exists.

e PCMV is endemic in nearly all swine populations worldwide, including North America, with
seroprevalence approaching 100% in many areas.

o While neonates can develop fatal systemic disease, death is rare in older pigs. However, co-
infections may increase morbidity and mortality when present.

Transmission
e PCMV is shed in nasal secretions, ocular secretions, urine, and cervical fluid. Transmission is
primarily via direct contact, but congenital transmission also occurs.

Infection in Swine/Pathogenesis
¢ Clinical signs are rare except in neonates, where shivering, sneezing, respiratory distress, poor
weight gain, and rhinitis have been observed, as well as conjunctival discharge and black
discoloration around the eyes. Neurological signs can also occur.



e Inolder pigs, PCMV has been associated with porcine respiratory disease complex (PRDC).
Reproductive losses can occur in pregnant sows that become infected.
o Latent PCMV infections can develop and become reactivated when pigs are stressed

Diagnosis
o Traditionally, PCMV is diagnosed via histological examination of tissue sections (staining, in situ
hybridization, and immunochistochemistry), where basophilic intranuclear inclusions are
commonly observed, as well as cytomegaly and karyomegaly.
e Polymerase chain reaction (PCR) assays have been developed, as well as enzyme-linked
immunosorbent assays (ELISAS) for antibody detection.

Immunity
e There is no vaccine for PCMV.
e Seroconversion does not occur in piglets with congenital or neonatal infection.

Prevention and Control
e Preventing PCMV is challenging since nearly all swine are infected and disease is usually mild
and difficult to recognize.
e To minimize the risk of PCMV transmission through xenotransplantation, donor pigs should be
delivered via Cesarean section and specified pathogen-free or designated pathogen-free breeding
practices should be used.

Gaps in Preparedness
e PCMV does not cause severe losses in swine.
o Further research is needed on the virus’ zoonotic potential.
e No vaccines are available. It has been suggested that a vaccine could be used to eliminate PCMV
from swine herds.



OVERVIEW

Porcine cytomegalovirus (PCMV) is an enveloped DNA virus belonging to the family Herpesviridae and
the subfamily Betaherpesvirinae. Infection with PCMV has previously been known as “inclusion body
rhinitis’ based on the histopathological characteristics of the disease. PCMV is endemic in almost all
swine populations worldwide.

Swine are the natural host for PCMV. Direct contact and congenital transmission are known to occur.
Disease is typically subclinical to mild, although high morbidity and mortality can be observed in
neonates that develop systemic disease. Clinical signs in piglets may include shivering, sneezing,
respiratory distress, poor weight gain, and rhinitis, as well as neurological signs. Like other herpesviruses,
latent PCMV infections can develop and become reactivated when pigs are stressed.

Although no cases of PCMV have been documented in humans, concern exists about pathogen
transmission through xenotransplantation. Research is mixed and it remains unclear whether PCMV is
able to infect human cells.

Traditionally, PCMV is diagnosed via histological examination of tissue sections (staining, in situ
hybridization, and immunochistochemistry), where basophilic intranuclear inclusions are commonly
observed, as well as cytomegaly and karyomegaly. Polymerase chain reaction (PCR) assays have been
developed, as well as enzyme-linked immunosorbent assays (ELISAs) for antibody detection. There is no
vaccine for PCMV.

Preventing PCMV is challenging, as nearly all swine are infected and disease is usually mild and difficult
to recognize. To minimize the risk of PCMV transmission through xenotransplantation, donor pigs should
be delivered via Cesarean section and specified pathogen-free or designated pathogen-free breeding
practices should be used.

PCMYV does not cause severe losses in swine. Further research is needed on the virus’ zoonotic potential.
It has been suggested that a vaccine could be used to eliminate PCMV from swine herds.



LITERATURE REVIEW
1. Etiology

1.1 Key Characteristics

Porcine cytomegalovirus (PCMV) is an enveloped DNA virus belonging to the family Herpesviridae and
the subfamily Betaherpesvirinae.® The virus is also known as suid herpesvirus-2 (SuHV-2). Infection with
PCMV has previously been known as “inclusion body rhinitis’ based on the histopathological
characteristics of the disease.

Currently, PCMV is not assigned to a particular genus. However, phylogenetic analysis suggests that
PCMV could be classified as a member of the genus Roseolovirus in the subfamily Betaherpesvirinae.?
Based on sequencing of the gB and major capsid protein genes, PCMV is closely related to human
herpeseviruses 6 and 7, which are also members of the genus Roseolovirus.>*

Like other herpesviruses, PCMV is composed of a core containing the DNA genome, an icosahedral
capsid, and a lipid envelope containing embedded viral glycoproteins which act as major immunogens.*
Glycoproteins (gB, gH, and gL) function in virus binding and fusion, respectively.! A recent genomic
analysis found that PCMV is composed of nearly 130,000 bp containing 79 open reading frames (ORFs).?

Latent PCMV infection can develop in pigs that appear to have recovered from the disease, with
monocytes/macrophages and CD8+ cells harboring the virus.>® Viral recrudescence is related to stress
and has been induced experimentally in pigs treated with corticosteroids.® Experimentally, it has been
shown that more than 5500 genes are differentially expressed as a result of PCMV infection. ’

1.2 Strain Variability

There are no distinctly separate PCMV serotypes or genotypes. However, some variations have been
detected in isolates from different geographical areas. Researchers in Japan described antigenic variability
among Japanese strains, and between Japanese strains and one isolated in the United Kingdom.® Another
study identified variations in the gB gene in isolates from the United Kingdom, Germany, Spain, Japan,
and Sweden.* In China, it has been suggested that two distinct sequence groups can be identified based on
the gB gene.®

2. Cleaning and Disinfection

2.1 Survival
Little is known about the survival of PCMV in the environment. Subzero temperatures do not seem to
impact the infectivity of the virus.*

2.2 Disinfection

Chloroform and ether inactivate PCMV.* Povidone-iodine (7.5%) is effective against human
cytomegalovirus (human herpesvirus 5).1° Most herpesviruses are also susceptible to 30% ethanol and
isopropanol, 1% sodium hypochlorite, formaldehyde, 0.12% ortho-phenylphenol, and 0.04%
glutaraldehyde.™

3. Epidemiology

3.1 Species Affected
Swine are the natural host for PCMV.



3.2 Zoonotic Potential

No cases of natural PCMV infection have been reported in humans. However, concern remains regarding
potential transmission through xenotransplantation. Pig-to-primate transmission has been achieved and
associated with coagulaopathy.*** Experimentally, it has been shown that PCMV can infect human
fibroblasts.** Other studies have failed to demonstrate cross-species transmission.** It remains unclear
whether or not PCMV is able to infect human cells.*

3.3 Geographic Distribution
PCMV is found in swine populations throughout the world.

3.4 Morbidity and Mortality

PCMYV is endemic in almost all swine populations. In Europe, North America, and Japan, more than 98%
of swine are seropositive.> Recent data from China show that in Sichuan Province, nearly 85% of pigs
show evidence of infection.® The reported seroprevalence in pigs from Hunan Province is 96%, with
breeding sows most affected.*®

Although most infections are subclinical to mild, fetal and neonatal death can occur in swine. Morbidity
following congenital or neonatal infection is reported to be 100%." Mortality is typically low, but co-
infections can result in losses up to 50%.! Two studies have shown that use of PCMV-infected pig tissues
for xenotransplantation appears to decrease survival time of the recipient (baboons or cynomolgus
monkeys).'9%

4. Transmission

PCMV is shed in nasal secretions, with peak viral shedding at 5-8 weeks of age.? The virus can also be
found in ocular secretions, as well as urine and cervical fluid.* PCMV spreads primarily via oronasal
contact, but congenital transmission also occurs.!

5. Infection in Swine/Pathogenesis

After infection, PCMV primarily replicates in the nasal mucosa and/or lacrimal glands. This is followed
by a cell-associated viremia two to three weeks post-infection and shedding of infectious virus in nasal
secretions for a 10-30 day period. Secondary viral replication sites vary with the age of the individual. In
nursery and growing pigs, PCMV has a tropism for nasal mucosal glands, lacrimal glands, kidney tubules,
and, rarely, the epididymis and mucous glands of the esophagus. Fetal and neonatal pigs exhibit
replication in the capillary endothelium and sinusoids of lymphatic tissues. These account for the
systemic spread of PCMV and the presence of generalized lesions in very young piglets.!

5.1 Clinical Signs

Clinical signs are rare in pigs of all ages except young piglets, which are susceptible to developing fatal
systemic disease. Neonates may die without exhibiting any clinical signs, although shivering, sneezing,
respiratory distress, poor weight gain, and rhinitis have been observed.* Conjunctival discharge and black
discoloration around the eyes has also been reported. Although PCMYV has been suspected of contributing
to periweaning failure-to-thrive syndrome (PFTS), recent evidence suggests that a role for the virus is
unlikely.? Neurological signs can also be observed with PCMV.*

In pigs older than 3 weeks, disease is usually subclinical to mild. PCMV is associated with porcine
respiratory disease complex (PRDC), and a correlation between PCMV and porcine circovirus-2 infection
has been found among cases.?

Infection in pregnant sows can lead to mummified or stillborn piglets, and those that are born alive may
be weak and underweight. In subsequent cycles, conception rate and litter sizes may be reduced.?



5.2 Postmortem Lesions

Gross lesions may only be seen in neonates. Catarrhal rhinitis, hydrothorax, hydropericardium,
pulmonary and subcutaneous edema, and renal petechiation have been reported.* Fetal infection can result
in stillbirth, mummification, embryonic death, and infertility.1

Characteristic histologic lesions include basophilic intranuclear inclusion bodies in cytomegalic cells of
the nasal mucosa. Herpesvirions are visible by electron microscopy in epithelial cells of mucous glands in
the nasal mucosa and salivary and lacrimal glands.® Inclusion bodies can also be seen in the CNS,
particularly in the choroid plexus, cerebellum, and olfactory lobes.! In neonates with systemic disease,
basophilic inclusions are seen in the capillary endothelium and sinusoidal cells of the lymphoid tissue.
Hemorrhage and edema also can occur due to vascular damage. Mononuclear cells and macrophages with
inclusions can be seen in the blood vessels, alveoli, and spleen. Interstitial nephritis and hepatocellular
necrosis have also been reported.*

6. Diagnosis

6.1 Clinical History

PCMYV infection is usually mild to subclinical except in neonates, where infection may be suspected in
cases of acute fatal systemic disease. In cases of respiratory disease or reproductive failure in older pigs,
PCMYV must be differentiated from a number of other diseases including classical swine fever,
enterovirus, parvovirus, porcine reproductive and respiratory syndrome (PRRS), porcine circovirus-2
(PCV?2), and pseudorabies.

6.2 Tests to Detect Nucleic Acids, Virus, or Antigens

Virus isolation can be done in swine testicular cells®, 19-PFT cells®® (derived from pig fallopian tubes),
and other primary and immortalized cell lines." PCMV can be identified via histologic examination of
tissue sections (staining, in situ hybridization, and immunohistochemistry), where basophilic intranuclear
inclusions are commonly observed, as well as cytomegaly and karyomegaly.?’

The first polymerase chain reaction (PCR) assay to detect PCMV was described in 1999.%8 Since then, a
quantitative-competitive PCR (QC-PCR) has been described?®, as well as a multiplex PCR assay that
detects PCMV, pseudorabies, and PCV2.*® Another nucleic acid detection method, loop-mediated
isothermal amplification (LAMP), has also been developed for PCMV 2!

6.3 Tests to Detect Antibody

The enzyme-linked immunosorbent assay (ELISA) is useful for confirming PCMV infection in a herd of
grower-finishers. An ELISA was first described in 1982%, and highly sensitive ELISAs developed since
then have shown that PCMV is widespread.® A recently developed indirect-blocking ELISA utilizes
expressed major gB epitope as a coating antigen for the detection of PCMV antibodies, and has also been
shown to be highly specific and sensitive.** Because in utero infection does not induce an antibody
response, serological tests are not applicable to neonates that have been colostrum-deprived.

6.4 Samples

6.4.1 Preferred Samples

Nasal swabs or scrapings and whole blood are the antemortem samples of choice. Appropriate
postmortem samples include turbinate mucosa, lungs, pulmonary macrophages (obtained via lung lavage),
and kidrl1eys. Following reproductive failure, virus may be found in the brain, liver, or bone marrow of
fetuses.



6.4.2 Oral Fluids
The use of oral fluids for PCMV diagnosis has apparently not been investigated.

7. Immunity

7.1 Post-exposure

Antibodies are detectable by IFA 2-3 weeks after inoculation; levels peak at about 6 weeks but remain
high for 10-11 weeks.'” Seroconversion has not been observed in piglets with congenital or neonatal
infection, although they do excrete virus and develop fatal systemic disease. Maternal antibody, which
persists for about 2 months, provides some protection but does not prevent virus shedding on PCMV-
endemic farms.*

7.2 Vaccines
Currently, there is no vaccine for PCMV. It has been suggested that the gB glycoprotein is a potential
vaccine antigen candidate.’

7.3 Cross-protection
There are no separate PCMV serotypes or genotypes.

8. Prevention and Control

Disease is usually mild and difficult to recognize. It is challenging to prevent infection with PCMV.
Introduction of new stock is a risk factor for PCMV, due to the possibility of reactivating latent infection
or introducing disease to a PCMV-free herd.* Industry biosecurity practices, such as cleaning and
disinfection between groups, should be in place. There is no treatment for PCMV, although antibiotics
may be useful in treating secondary infections if present.

To prevent PCMV infection through xenotransplantation, it is recommended that donor pigs be delivered
via Cesarean section and that specified pathogen-free or designated pathogen-free breeding practices are
used.'” Pigs can potentially be treated with anti-viral drugs to reduce viral loads (e.g., ganciclovir,
cidofovir).!” Anti-viral drugs may also be used to treat PCMV infection in xenograft recipients.®
Vaccination has been suggested to eliminate PCMV from swine herds, although no vaccine currently
exists.’

9. World Organization for Animal Health (OIE) Terrestrial Animal Health Code
PCMV is not covered in the 2015 OIE Terrestrial Animal Health Code and there are no current
recommendations on importation of swine or pork.

10. Gaps in Preparedness

PCMV does not cause severe losses in swine. Because of the virus’” ubiquity and the planned future use of
swine tissues in xenotransplantation to humans, the potential for zoonotic transmission should be further
investigated. Information on latent infections is also sparse. The potential for vaccines to eliminate PCMV
from swine herds should also be investigated.
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