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Molecular and epidemiological studies of
Porcine rubulavirus infection � an overview
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Porcine rubulavirus-La Piedad-Michoacan-Mexico virus (PorPV-LPMV) was identified as the causative agent of

aviral disease that emerged spontaneously in Mexican swine in the 1980s. Since the report of the initial outbreak

of the disease, only one full-length genome from a strain isolated in 1984 (PorPV-LPMV/1984) has been

sequenced; sequence data are scarce from other isolates. The genetic variation of this virus that has spread

throughout the main endemic region of Mexico is almost a complete mystery. The development of molecular

techniques for improved diagnostics and to investigate the persistence, molecular epidemiology, and the possible

reservoirs of PorPV are needed. Together, this will provide greater knowledge regarding the molecular genetic

changes and useful data to establish new strategies in the control of this virus in Mexico.
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Carretera México Toluca, CP. 05110, México, Email: cuevas.julieta@inifap.gob.mx

Received: 1 September 2015; Revised: 7 October 2015; Accepted: 21 October 2015; Published: 18 November 2015

A
new porcine viral disease was recognised in the

early 1980s in Mexico with swine displaying res-

piratory, reproductive, and central nervous sys-

tem (CNS) disorders. Porcine rubulavirus, the causative

virus, was identified to be a new member of the family

Paramyxoviridae, genus Rubulavirus, and was initially named

La Piedad-Michoacan-Mexico virus (LPMV) after the

town in which the virus was first isolated (1, 2). It was

later renamed P. rubulavirus (PorPV-LPMV) (3). As a part

of the lesions during viral infection, the eyes showed a

uni- or bilateral corneal opacity and a blue colour. This

fact was easy to recognise by veterinarians and producers,

and the colloquial name of (Enfermedad del ojo azul) ‘blue

eye disease’ was coined.

PorPV infection is still considered a devastating and

economically important disease affecting the swine indus-

try (4, 5). Currently, the disease is endemic in pigs in cen-

tral parts of Mexico while it remains unreported in other

countries (5). This review aims to describe observations and

data from various fields (aetiology, evolution, pathogenesis,

immunology, viral persistence, and diagnosis) that may

explain the PorPV infection, its origin, and molecular

epidemiology.

Virion characteristics
The Paramyxoviridae family is divided into the subfamilies

Paramyxovirinae (genera: Rubulavirus, prototype: Mumps

virus, MuV; Avulavirus, prototype: Newcastle disease virus,

ND; Respirovirus (prototype: Sendai virus); Henipavirus,

prototype: Hendra virus, HeV; Morbillivirus, prototype:

Measles virus, MeV) (3); and Pneumovirinae.

Similar to other Rubulavirus, the PorPV virion (Fig. 1a)

consist of a lipid bilayer or envelope outer surface derived

from the plasma membrane of the host cell. Into this bilayer,

two glycoproteins, the fusion (F) and haemagglutinin/

neuraminidase (HN), are inserted (6, 7). Positioned just

under the envelope is the matrix (M) protein associated

with part of the glycoproteins and with the nucleocapsid.

The nucleocapsid is present as a tightly packed structure.

Two proteins are associated with the nucleocapsid core: the
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phosphoprotein (P) and the large (L) protein. The

nucleocapsid consists of a non-segmented negative-sense,

single-stranded RNA (approximately 15,000 nucleotides),

surrounded by the nucleoprotein (NP). The genomic

structure of the PorPV contains a single promoter in the

untranslated 3’region, which is followed by NP, P, M, F,

HN, and L Open reading frame (ORF) (Fig. 1b). The P

gene has the capacity to encode four possible polypeptides,

P, V, C, and I, from the same gene via RNA editing and

alternative initiation of translation; that is, the addition of

one or two G residues at the editing site allows expression

of the I or P protein, respectively (8�10). All viruses

belonging to the families in the order Mononegavirales

require that the virion contain its own RNA-dependent

RNA polymerase, as the cells lack such enzyme, thus these

viruses direct the synthesis of mRNA at the start of the

infectious cycle. Several viruses of this order can produce

defective interfering (DI) particles including PorPV (11,

12), measles virus (13, 14) and vesicular stomatitis virus

(15). The presence of DI particles also appears to be a

common feature in persistent paramyxovirus infection in

vitro (11). DI particles have been implicated in persistent

infection, but the exact mechanism is not clear.

Origin and evolution
Pigs are the only animals known to be affected clinically

by PorPV under natural conditions. PorPV infection re-

mains endemic in Mexico with a seroprevalence ranging

from 9 to 23.7% and is thus a major problem in the region

(Fig. 2). The disease has been serologically diagnosed in

at least 16 states. In this respect, an important point is the

difference of antigenic variants that have been identified in

unvaccinated swine from the endemic region in Mexico

(Guanajuato, Jalisco, Michoacan, and Estado de Mexico)

(4). These findings suggest that antigenically different PorPV

variants have spread into the swine population, imposing

challenges to diagnostic and vaccination efforts.

The source of PorPV that is responsible for the disease

outbreaks in Mexico has been suggested to be subclinically

Fig. 1. (a) Schematic presentation of the virion structure. (b) The complete genetic organisation of porcine rubulavirus is depicted

under virus particles.

Fig. 2. Dark-gray shading indicates endemic area of porcine

rubulavirus infection.
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infected and/or persistently infected pigs (16, 17). How-

ever, since the first recognised outbreak in the 1980s,

sporadic outbreaks have continued to occur, and the specific

source of many of these outbreaks remains unknown.

Molecular studies of PorPV, with an emphasis on pro-

teins of the replicative complex, suggest that this virus has

existed as a separate species for a long time in nature and

that it could have been transmitted from a natural wildlife

reservoir to domesticated pigs (10, 18, 19). Early sequence

analysis showed the relationship of PorPV to the MuVand

the Simian virus 5 (SV5) (7�10, 18, 19), with an amino acid

identity of approximately 40%. Recent phylogenetic ana-

lyses comparing the completed genome sequence and the

genetic organisation indicate that PorPV is more closely

related to Mapuera virus (MprPV) than to other members

of the genus Rubulavirus, suggesting that PorPV may

possibly originate from bats (20). In addition, a serological

analysis in 108 non-hematophagous bats from the Central

Pacific coast of Mexico showed the presence of antibodies

against PorPV in one insectivorous bat (Rhogeessa parvula

major). However, because only one bat was seropositive,

the authors suggested that bats do not play a role in the

epidemiology of PorPV in this area (21). Nevertheless,

because frugivorous bats are considered to be the natural

host of not only MprPV but also of other related para-

myxoviruses (HeV, NiV, MenPV, and TioPV) (20, 22�29),

it has been suggested that bats could be the original natural

host of the PorPV strain responsible for the disease out-

break in pigs (20). Our preliminary data show that PorPV

can be isolated from bat tissue further supporting the

notion that bats are one possible reservoir for PorPV

in nature [unpublished data (22)]. Furthermore, other natural

reservoirs are, of course, also possible. The findings of

potential natural reservoirs will be important for our under-

standing of its ecology, evolution, and mechanism of cross-

species transmission, as has been reported for other emerging

paramyxoviruses (Hendra in 1994, Menangle in 1997, Nipah

in 1999, and Tioman viruses in 2001) (23, 26�29).

During the last 10 years, the evolution of PorPV has

been investigated mainly through phylogenetic analyses

of the HN protein and studies of the clinical histories and

experimental infections using different isolates. Currently,

several strains of PorPV have been isolated, and their

HN gene has been sequenced; hence, the evolution of

PorPV has so far solely been based on the HN gene. Recent

studies of different PorPV isolates (PorPV-PAC-7/2002,

PorPV-PAC-8/2002, and PorPV-PAC-9/2002) have identi-

fied changes in the HN structure, and it has been suggested

that these mutations are associated with an increased neuro-

virulence of PorPV. The amino acid sequence comparisons

and phylogenetic analyses of the HN protein have revealed

three genetically different lineages: Group 1 is composed of

PorPV-LPMV/1984 and PorPV-PAC-4/1993 and is char-

acterised exclusively by the presence of neurological signs

in piglets; Group 2 is composed of PorPV-PAC-2/1990,

PorPV-PAC-3/1992, and PorPV-CI, II, III, IV and is

characterised by neurological signs, high mortality in

piglets and older pigs (3�4 months), and lesions in the

reproductive tract of adult pigs; and Group 3 is composed

of PorPV-PAC-6/2001, PorPV-PAC-7/2002, PorPV-PAC-

8/2002, and PorPV-PAC-9/2003 and is associated with

clinical signs of neurological involvement in adult animals

and in commercial fattening lines (30�32).

As mentioned, until now, only one complete genome of

PorPV has been sequenced; and only a few individual genes

have been sequenced from other isolates. However, prelimi-

nary molecular studies based on the genetic similarities of the

encoded proteins (NP, P, M, F, HN, and L) and phylogenetic

analysis suggest that a new generation of circulating virus

has begun to emerge in nature during the last 10 years with

a pronounced attenuation grade [unpublished data (33)].

Clinical studies and pathogenesis
PorPV infection is characterised by respiratory distress

and progressive neurological signs and uni- or bilateral

corneal opacity (Fig. 3a). Piglets are most susceptible to

Fig. 3. (a) Corneal opacity in natural infected piglet (‘blue eye’). (b) Testicular lesion observed in boars naturally infected by porcine

rubulavirus.
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infection, showing high morbidity and mortality. The

piglets often die within 2�7 days after the appearance of

clinical signs. The clinical signs in adult pigs have mainly

been associated with the reproductive organs (Fig. 3b) and

adult pigs generally have a lower mortality than piglets

(1, 2, 17, 34, 35). Atypical outbreaks, including neurolo-

gical signs in fattening and adult pigs, have been docu-

mented between 2000 and 2003 with alterations in the

clinical behaviour and increased virulence of PorPV. This

change in behaviour was presumed to be associated with

mutations in the HN as mentioned earlier (31).

In infected PK-15 cells, the distribution of the HN

and NP proteins indicates that the mechanisms of PorPV

replication are similar to those of other members of

the Rubulavirus genus (36). The pathogenesis of PorPV

deends on a positive organ tropism, associated with the

receptors of sialic acid-expressing cells and viral adhesion

proteins. The virus recognises neuraminic 5 Acid a-2,3

galactose (Neu5Ac a-2,3Gal) oligosaccharides, which are

required for the infection process. These receptors are

modified during maturation of porcine tissues in relation

to the age of the pigs. There is high expression of Neu5Ac

a-2,3Gal in CNS and in respiratory tissues of newborn

pigs, principally in olfactory bulb, hippocampus, brain

cortex, cerebellum, and medulla oblongata with less expres-

sion in urogenital tissues. The expression of specific oligo-

saccharide Neu5Ac a-2,3Gal appears to be related with the

severity of PorPV infection (37, 38). It has been suggested,

based on experimental intratracheal or intranasal exposure

by either instillation or aerosol, that these are effective routes

of infection and result in clinical signs and lesions similar

to those observed in natural PorPV infection (17).

A serial study of PorPV distribution in experimentally

infected pigs has shown that the severity of the disease is

age-related and is most severe in piglets less than 3 days

of age with high mortality at 8 days post-infection (PI),

whereas only 30% of piglets infected at an age of 17 days

were affected. The viral distribution showed a dual mode

of spread to the brain. After primary propagation in the

respiratory tract and tonsils, the virus spread throughout

the brain via the trigeminal and olfactory nerves com-

bined with a low-level viraemia and passage through the

immature blood�brain barrier. The virus showed to be

very localised and the excretion occurred mainly via the

respiratory tract and urine (39).

Recent studies on the pathogenesis and distribution in

the respiratory tract of experimentally infected pigs (6

weeks old) by PorPV-PAC-3/1992 (a low-virulence strain)

showed virus excretion from nasal fluid up to 23 days PI

and from the respiratory system up to 28 days PI. The

distribution in tonsil and lymph nodes showed high viral

loads. The main microscopic lesions in the lungs were

interstitial pneumonia and hyperplasia of the associated

lymphoid tissue (40). Similar to these results, the presence

of antigen was demonstrated by immunofluorescence

(IF) in the head of the epididymis of experimentally

infected boars at 15, 30, 45, or 70 days PI (34). Also viral

mRNA was identified by reverse-transcriptase polymer-

ase chain reaction (RT-PCR) in semen samples 5 and 48

days PI and in testis and epididymis between 64 and 142

days PI. However, no infectious virus was detected in the

semen of three of the nine infected pigs (41). In other

studies of experimental inoculation of young hybrid

boars, inflammation and oedema of the testis and

epididymis was shown 15 days after inoculation. Boars

sacrificed 80 days after infection showed fibrosis and

granuloma formation in the epididymis as well as

testicular atrophy (34).

Immunological aspects
All viruses of the Paramyxoviridae family are extremely

infectious. Because of their common labile structure, this

family is dependent on transmission by the close associa-

tion of hosts. Infections occur through aerosols; direct

physical contact between hosts is not required (42).

Studies have shown that during paramyxovirus infec-

tion, antibodies are produced against internal and external

proteins. The reported immune response to PorPV in experi-

mentally infected adult pigs indicates an immunodomi-

nance of specific antibodies against the HN protein,

although antibodies against the M and NP proteins have

also been demonstrated (43). PorPV induce a durable

humoral immune response in pigs that have recovered from

an acute PorPV infection, providing lifelong protection

(17). In this respect, it is important to mention that anti-

bodies to the HN and F proteins are vital for eliciting a

virus-neutralising response (44).

It has been shown that in adult experimentally infected

pigs an increase of the CD2� T-cells during the initial

phases of infection is seen, whereas the proportion of

B-cell lymphocytes is reduced at 4 weeks PI. The CD4�
T-cells were reduced 3 weeks PI and the CD4�CD8� and

CD4�CD8� T-cell proportions increased at 4 weeks

PI (43). In 5- and 17-day-old piglets, a relative increase of

CD2� and CD8� has been observed (45).

The changes induced in the T-cell population during

acute and persistent infections with PorPV have been inves-

tigated in six 17-day-old Vietnamese pot-bellied piglets. Mild

signs characteristic of PorPV infection, such as sneezing,

coughing, and slight conjunctivitis were observed 7�10 days

PI. A piglet that died 11 days after inoculation showed mod-

erate pneumonia and encephalitis at necropsy. The surviving

piglets recovered from the acute infection around 13 days

PI and survived until euthanised at day 277 PI. Macroscopic

lesions could not be observed in either the convalescent or

non-infected pigs (46).

In another experimental infection study, it was shown

that infected piglets (3 days old) died 6�8 days after

infection, whereas 60% of the piglets infected at an age

of 17 days survived (39). All infected animals showed
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high levels of CD8�, CD4�, and CD2� T-lymphocytes

10 days PI (46). Studies on the SV5 virus, a paramyx-

ovirus phylogenetically related to PorPV, have showed

that CD8� and CD2� may have a role in the virus

clearance (47, 48). Interestingly, there were high levels of

both CD4� and CD8� T-cells during the observation

period 250 days PI). Possibly this may be ‘double-

positive’ T-lymphocytes produced by stimulation with

recall antigen (46, 49).

Field studies on viral persistence
Paramyxovirus are known for their capacity to establish

persistent infection in vitro and in vivo. Persistent infection

can be defined as a prolonged existence of a virus in an

infected host as opposed to that normally expected in

an acute infection. The exact mechanism of viral persis-

tence is not known, however, several members of the

Paramyxoviridae family suggested that DI particles or viral

variants (11, 12, 44, 50�52) may play a roll establishing a

low-grade persistent infections. Persistence requires that

the virus must change to a non-lytic phenotype or infect

cells that do not support a lytic infection (44). For example,

Sendai virus can infect olfactory neurons and establish

long-term persistence in the nerve tissue for at least 168

days PI (51). SV5 can establish a persistent infection in

murine fibroblastic cells by remaining inactive in cyto-

plasmic inclusion bodies, from which the virus may be

reactivated (52). In relation to this, it has been shown that

in cell culture PorPV indeed can establish persistent

infection, which is associated with DI particles and

subgenomic RNA (11, 12). The expression of the P and

L proteins has been reported to be decreased and could

subsequently be of importance for the persistent state (11,

53). The changes in the expression of viral protein levels

could be associated with a reduction of the relative amount

of mRNA of the P and L protein genes related to a shift in

editing of the P gene (11). PorPV can also persist in the

CNS of experimentally infected pigs. Although RNA for

the NP and P gene was detected at 53 days PI, after immune

suppression, RNA of these genes could also be detected in

lung samples (16).

The persistence of the viral genome of PorPV in natu-

rally infected pigs has also been investigated 13 months

after exposure to the virus (54). Viral mRNA specific for

the NP or P genes were detected in the CNS, tonsil, salivary

gland, lung, and pancreas, which may indicate that the

expression of the NP and P proteins is maintained during

persistent PorPV infection in convalescent pigs. Addition-

ally, viral RNA was also detected in sentinel pigs housed

together with persistently infected but clinically recovered

pigs. The sentinel pigs can be infected without any clinical

signs; this suggests that the PorPV could have been trans-

mitted by direct physical contact or virus produced as

defective particles during the persistent stage (11, 12, 54).

One can thus speculate whether the age of sentinel pigs

may be a decisive condition when a reactivation of PorPV

in convalescent pigs is expected. This is a novel finding

of significance to the epidemiology and pathogenesis of

PorPV (54). Similarly, mRNA of the NP gene was detected

in the lymph nodes (parotid, submaxillary, cervical, and

mesenteric) and pancreas of experimentally infected pigs

at 277 days PI, whereas mRNA of the P gene was detected

in all tissues including the epididymis (46). The persistence

of viral mRNA in lymphoid, nervous, respiratory, and

genitourinary tissues may explain the high level of Neu5Ac

a-2,3Gal receptors specific to PorPV (37, 38). The presence

of viral mRNA in the epididymis tissue suggested that

PorPV can be transmitted via infected semen as a potential

source of virus that can infect sows (46, 55). In fact, it has

been shown that it is possible to isolate PorPV from semen

5�48 days), testicles, and epipidymis (64�142 days) from

experimentally infected boars (41).

Diagnosis
Because of the uncontrolled production system practiced

in the endemic region of Mexico and the poor sanitary

conditions, outbreaks of PorPV infection often appear as

a component of co-infections with other agents, making

PorPV difficult to diagnose. Clinical symptoms, necropsy

findings, and histopathological changes can often provide

an insight into the aetiology of the disease. Currently

different methods have been used for the diagnosis of

PorPV infection, including serological tests and virus

isolation (40, 41, 46, 56, 57). The virus has been shown to

be able to grow in many different cells including pig

kidney cells with typical syncytial formation, demonstrat-

ing fusion activity (1). Virus isolation, electron micro-

scopy, direct immunofluorescence, and classical RT-PCR

have been used to detect virus or viral RNA of PorPV for

various research purposes (9, 16).

The most common serological method for diagnosis is

hemagglutination inhibition test. Other serological tech-

niques frequently used are indirect fluorescent antibody,

serum-virus neutralisation (40, 41, 46, 57) and a blocking

ELISA (46, 54, 57). Classical PCR technologies have been

used for different research purposes 16, 41, 46), and a real-

time PCR qRT-PCR) method specific to PorPV has been

developed for PorPV to study epidemiology aspects of the

disease (58, 59). This qRT-PCR is based on the detection of

viral RNA in clinical samples. The P gene was used in the

standardisation of this test because this gene is highly

expressed (12), because of its sequence availability (9) and

because the genetic variations of this gene among different

isolates were assumed to be limited. The TaqMan† assay

was shown to be more sensitive than a conventional nested

RT-PCR. Detection of all current known variants of

the PorPV was achieved (58), which was an important

point to increase the knowledge of molecular epidemiol-

ogy and continue with studies of various features of PorPV

infection. The detection of PorPV is a diagnostic challenge

Porcine rubulavirus infection

Citation: Infection Ecology and Epidemiology 2015, 5: 29602 - http://dx.doi.org/10.3402/iee.v5.29602 5
(page number not for citation purpose)

http://www.infectionecologyandepidemiology.net/index.php/iee/article/view/29602
http://dx.doi.org/10.3402/iee.v5.29602


because the concentration of viral RNA in tissue samples is

very limited (39). The implementation of highly sensitive

assays that yield results quickly will be of great assistance

in improving the control strategies of PorPV infection in

Mexico. Real-time PCR also has numerous advantages

over the classical PCR and the procedure limits possible

cross-contamination (60).

Conclusion
P. rubulavirus (PorPV) was discovered in the early 1980s

and is the causative agent of a disease in pigs that is con-

sidered to be one of the most economically important

diseases in the pig production system in Mexico (3). The

virus can establish viral persistence, which could have an

important effect on the pathogenesis of PorPV because

of the risk of reactivation of the virus from persistently

infected pigs and spread/infection of the virus to new

susceptible pigs. During the last 10 years, the evolution of

PorPV has been investigated mainly through phylogenetic

analyses of the HN protein, studies of the clinical histories,

and experimental infections using different isolates. How-

ever, research on new isolates obtained from clinical cases

of infected swine and phylogenetic analysis indicated that

three different genetic variants of PorPV had spread in the

swine population and that a new generation of circulating

virus with a pronounced attenuation has begun to emerge.

The knowledge of the presence of different virus variants

in nature, associated with a possible wildlife reservoir of

PorPV can provide greater knowledge regarding the mo-

lecular genetic changes and useful data to establish new

strategies in the control of this virus in Mexico.
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haemagglutinin-neuraminidase glycoprotein of the porcine

paramyxovirus LPMV: comparison with other paramyxoviruses

revealed the closest relationship to simian virus 5 and mumps

virus. Arch Virol 1992; 122: 331�40.

8. Berg M, Sundqvist A, Moreno-López J, Linné T. Identification
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Leyva J, Hernández J, Ramı́rez-Mendoza H. Respiratory

disease in growing pigs after Porcine rubulavirus experimental

infection. Virus Res 2013; 176: 137�43.

41. Rivera-Benı́tez JF, Martı́nez-Bautista R, Pérez-Torres A, Garcı́a-
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Apoptosis in lymph nodes and changes in lymphocyte sub-

populations in peripheral blood of pigs infected with porcine

rubulavirus. J Comp Pathol 2003; 128(1): 1�8.

46. Cuevas JS, Rodrı́guez-Ropón A, Kennedy S, Moreno-López J,
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