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Review article

A review of evidence for immunosuppression
due to Porcine Reproductive
and Respiratory Syndrome Virus

Trevor W. DrRew

Virology Department, Veterinary Laboratories Agency (Weybridge), Woodham Lane, New Haw,
Addlestone, Surrey, KT15 3NB, UK

Abstract — Accounts of field disease and experimental studies involving porcine reproductive and res-
piratory syndrome (PRRS) are reviewed for evidence of immunomodulation or immunosuppres-
sion by the causative virus. The conclusion is that immunomodulation through infection of alveolar
macrophages is likely to occur, but that it is transient and at a local level, in the lung. There is some
evidence for more subtle effects via more disseminated replication or induction of apoptosis with some
isolates, but more definitive studies are needed. There is some emerging evidence of interaction
between PRRSV and different cells of the immune system, but its significance for the course of dis-
ease or pig health are unclear. Likewise, the current experimental evidence for any interaction of
PRRSV with other pathogens is ambiguous and therefore no firm conclusions can yet be drawn.
Strains of PRRSV do vary in pathogenicity, which may be related to their degree of ability to cause
overt respiratory disease in the absence of other agents. Experimentally, varying degrees of intersti-
tial pneumonia are a common histological finding. There is, as yet, no firm evidence of general
immunosuppression - in fact, some contrary evidence exists in the form of observations of a transient
enhancement of humoral response, possibly through polyclonal B cell activation. The basis of
pathogenicity of PRRSV and of any interaction with other agents is still unknown and is likely to remain
unclear. Virus interaction with the pig’s immune system must be addressed before any assessment of
virulence of any known or emergent strains of PRRSV can be made.
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Résumé- Immunosuppression due au virus du syndrome dysgénésique et respiratoire por-

cin : le point sur les résultats.Une revue bibliographique de rapports de terrain et expérimentaux
impliquant le syndrome dysgénésique et respiratoire du porc (PRRS) a permis de faire le point sur les
résultats montrant une immunomodulation ou une immunosuppression dues au virus. La conclu-
sion est qu'il est possible que I'infection des macrophages alvéolaires provoque une immunomo-
dulation, mais celle-ci reste transitoire et localisée dans les poumons. Certains résultats suggerent des
effets plus subtils avec certaines souches, faisant intervenir une réplication plus disséminée ou
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induisant un phénomeéne d’apoptose, mais des études plus exhaustives sont nécessaires. De récents
travaux montrent une interaction entre PRRSV et différentes cellules du systéme immunitaire, mais
son impact sur le déroulement de la maladie ou la santé des porcs demeure incertain. De méme, les
résultats expérimentaux montrant une interaction entre le PRRSV et d’autres pathogénes sont ambi-
gus et ne permettent pas de tirer de conclusions définitives. Les variations de pathogénicité entre
souches virales pourraient dépendre de leur capacité a provoquer des symptdmes détectables en
I'absence d'autres agents infectieux. Sur le plan expérimental, les observations histologiques mon-
trent souvent des degrés variables de pneumonie interstitielle. Il n’existe donc jusqu’a présent pas de
preuve définitive d’'une immunosuppression générale — et en fait, certains résultats suggerent au
contraire une augmentation de I'efficacité de la réponse liée aux anticorps, passant par I'activation des
cellules polyclonales B. Les facteurs de base de la pathogénicité du PRRSV et des interactions avec
d’autres pathogénes sont encore inconnus, et a cause de leur complexité resteront sans doute incer-
tains. Il faudra d’abord élucider les interactions entre le virus et le systéme immunitaire du porc,
avant d’envisager de prédire la virulence des souches connues ou émergentes de PRRSV.

maladie du porc / virus du syndrome dysgénésique et respiratoire porcin / coronaviridae /
nidovirales / arterivirus / immunomodulation virale / porc
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1. INTRODUCTION the causative virus, which has revealed two
genotypes, but relatively little definitive

In the relatively short time since its recog-work has accrued of the action of PRRSV on
nition, much has been described of the aetthe immune system and the consequences
ology of the PRRS field disease. In particthereof, which could help to explain field
ular, investigations of the respiratory form ofobservations. An explanation of such syn-
the disease in field cases, in attempts to ideergy would be that PRRSV affects the abil-
tify the causative agent, resulted in the isoity of the pig to mount an effective immune
lation of a number of bacterial and viralresponse to other pathogens, either through
agents, including the arterivirus now knownthe action of the virus itself, or as a conse-
to be the primary causative virus of PRR3juence of the host response to the infection
(PRRSV). This has led to the postulation ofaffecting the ability of the host to defend
interaction between PRRSV and these othétself against other pathogens.

agents, in which immunomodulation or Viruses are known to act as immune

immunosuppression by PRRSV has Ofter?nodulators in four principal ways:
been suggested, resulting in general accep- . _ . _ .
tance of PRRSV as an immunosuppressivé®) by interfering with antigen presentation;

virus. (b) by the induction of apoptosis, resulting
Much of the research into this disease in the death of cells involved in an
has focussed on the molecular biology of immunological response;
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(c) by acting as cytokines or cytokinebody levels to the European strain of
inhibitors, affecting their production or PRRSV (EuPRRSV), swine influenza virus
action; (SIV), porcine respiratory coronavirus

Chiit (PRCV) and to paramyxovirus (PPMV) in

@ b¥ |nh|b'|t|ng t_he comple'ment. pig herds with respiratory disorders. They
This review will summarise the presentfoyng significant associations between

knowledge concerning immunomodulationpRrSV and PRCV, and also with SIV sub-

by PRRSV and attempt to evaluate the cufyype H N, and postulated that an increased

rent evidence for such. severity of disease may be caused by the
promotion of these secondary agents by
PRRSV, through synergistic reactions, or

2. FIELD OBSERVATIONS by external factors promoting both agents.

OF IMMUNOMODULATION The cytopathic effect of PRRSV in PAMs,
resulting in a reduction in the population of
Early observations of the epidemiology ofthese cells in the lungs of affected pigs, was
the syndrome of PRRS suggested an infe@ostulated to be the cause of this phe-
tious agent, yet it was some time before theomenon. An implication of an association
causative virus, PRRSV, was discoverethetween PRRSV and PRCV in Japan was

[69]. Many pathogens, both viral and bac-also made by Kamogawa et al. [36]. Kay

terial, were initially implicated, by virtue of et al. [37] described an episode of chronic

their isolation from many clinical cases, yetrespiratory disease, in a herd in the UK, in
no pathogen was able to reproduce the disvhich PRRSV and SIV co-infection was

ease experimentally, neither alone nor inletected. Bacterial agents are also impli-
combination [2, 9, 12, 14, 16, 22, 34, 38cated as potential synergists in field stud-

46, 54, 62]. The lack of consistent isolatiories of the respiratory form of PRRS [28, 49].

of any single agent from cases of the disA retrospective analysis by Zeman [72]

ease however, suggested that, rather thagentified concurrent pulmonary bacterial

being the primary agents, their presence waafections in 58% of 221 PRRS cases, most
opportunistic, causing secondary infectiongommonly beingPasteurella multocida,
leading to multifactorial disease. Streptococcus suis, Haemophilus parasuis

The implication of these early observa-2ndSalmonella sppwith SIV only rarely
tions led to the suspicion that PRRSV mayP€ing implicated. Done et al. [25] reported
cause immuno-suppression or immunoMinimal gross lesions in pigs in the UK nat-
debilitation. This hypothesis was re-enforced!rally infected with PRRSV alone, with the
by the demonstrable tropism of the virus folonly consistent finding being an interstitial
pig alveolar macrophages (PAMs) and cerPneumonia. These lesions were complicated,
tain other cells of the monocyte lineage [sohowever, when secondary bacterial agents
68]. PAMs are responsible for the phagoWere present, resulting in pneumonia, as
cytosis of bacteria in the lungs and are als¥ell as arthritis and enteritis.

involved, though not exclusively, in the pro- - cjreymstantial evidence for an interac-

cessing and presentation of viral antigeng;on petween PRRSV and other disease
which is crucial for mounting an immune g5 is horne out by the observation that
3he elimination of PRRSV on farms, by

Qursery depopulation, resulted in improved
the clinical and histological picture seen in y C=pop . D

X : S(:;rovvth with decreased isolation and asso-
EQS rsgpggimy form of field cases of PRRS;jati0n of disease with secondary pathogens

[23, 24]. It could be argued, however, that
Field data has been analysed by severalich husbandry control methods, designed
groups. Groschup et al. [30] measured antito eliminate PRRSV, would also reduce the
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transmission of these other pathogens. Palhe observed interaction of PRRSV with
son [53] identified differences in manage-S. suiswas not through the destruction of
ment and the presence of other viral and/anacrophages, but rather that PRRSV
bacterial agents as significant in affectingnflames and destroys the nasal mucosa,
the course and impact of the syndrome afesulting in phagocyte infiltration and uptake
PRRS within herds. of S. suigo the brain [49].

Van Reeth et al. [66] demonstrated that
EuPRRSYV interacted with both SIV and, to

3. EXPERIMENTAL a lesser extent, with PRCV, to produce more
INVESTIGATIONS severe disease over a 15 day period of obser-
OF AN IMMUNOMODULATION vation. However, a study by Brun et al. [11]
THEORY failed to detect any interaction between

PRRSV and SIV that resulted in an increase

The first paper to describe the pathologin clinical severity, though seroconversion to
ical effects of experimental PRRSV infec-SIV was higher in the dual-infected group.
tion [51] implicates cells of the immune sys-Pol et al. [52] likewise obtained ambiguous
tem as the target for PRRSV in identifyingresults in experiments involving co-infec-
alveolar macrophages and bronchiolations of PRRSV with swine influenza and
epithelial cells as containing viral antigens Actinobacillus pleuropneumonide SPF
These workers also observed the presence pigs.

viral antigens in splenic macrophages. A study by van Alstine et al. [65] showed
Since that time, a large number of work-that challenge of piglets withlycoplasma
ers have attempted clinical experiments tlyopneumoniae seven days after
investigate the effects of dual infectionsAMPRRSYV infection did not result in exac-
involving PRRSV and other pathogens, buerbation of the disease. A comprehensive
their findings continue to be rather ambigustudy by Albina et al. [1] examined the
ous. As a result, these studies have largebffects of a prior infection with EUPRRSV
failed to implicate PRRSV in exacerbationon the course of infection witkl. hyop-
of disease or to shed any light on the effectseumoniaeand also with Aujeszky’s dis-
of PRRSV on the immune system. Thisease (AD). They found no evidence of
ambiguity may be due to a number of facincreased prevalence of clinical signs or
tors, including the particular strain of severity of the disease among dual-infected
PRRSV and/or the secondary pathogen usegroups, compared to controls. These work-
the timing of such challenge and the statusrs also made an assessment of the effect
and immunological history of the pigs of PRRSV infection on vaccination against
involved. Cooper et al. [21] were unable toAD, using recombinant proteins gB and gC
potentiate infections by challenge of 4-5of that virus. They found no significant dif-
week-old specific pathogen-free (SPF) pig$erence in antibody responses to the AD
with H. parasuis, S. suis, S. cholerasois vaccine among pigs previously infected with
P. multocidaseven days after infection with PRRSV, compared to controls, but did
an American PRRSV strain (AmPRRSV).observe that, 1-2 weeks after challenge with
But Galina et al. [28], using the virulentthe AD virus, pigs in the PRRSV-infected
strain ofS. suisserotype 2 (DH5) in SPF group produced significantly higher anti-
piglets, observed that only those which hadbody titres to AD compared to animals not
previously been inoculated with EUPRRSVpreviously infected. Furthermore, pigs
developed clinical signs, a suppurativeinfected with PRRSV prior to vaccination
meningitis and large numbers of the bactewith AD lost less weight after the AD chal-
ria in tissues, including the brain andlenge. The authors conclude that a prior
meninges. The authors later postulated thatfection with PRRSV transiently enhances
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the immune response to other antigens. Thikie total number of phagocytozing cells con-
conclusion supports the findings of Moli- sequent with infection. They found that,
tor et al. [43], who found an increasedwhilst the ability of PRRSV-infected
response to killed AD virus and Byucella macrophages was diminished, uninfected
abortuspili antigen, 1 day and 16 days aftermacrophages were unaffected, indicating a
AmMPRRSYV infection. Prior infection with lack of soluble suppressive factors being
PRRSV had no significant effect on theinduced in their study.

course of a transmissible gastroenteritis virus  \y/ilst it is generally considered that

(TGEV) infection in SPF piglets [70]. transmission of PRRSV is primarily through
infection of PAMs via the respiratory route,
certain isolates of PRRSV from the USA

4. KNOWN EFFECTS OF PRRSV are claimed not to be able to infect these
ON CELLS OF THE IMMUNE cells in vitro [6], though the reason for this
SYSTEM somewhat surprising apparent refractivity

is unknown.

The predilection of PRRSV for cells of Comparisons of the effects of PRRSV
the immune system has led to logicaly, gitferent classes or breeds of pigs have
assumptions of consequent immunosUPat heen performed, but there is some data
pression [45], but it is debatable as tq,n pronchial cell populations, and these vary
whether the evidence for such actuallyyreatly, probably through differences in
exists, or whether this is a general featur%vage techniques, breed and age. The gen-
of all strains of PRRSV. eral consensus is that healthy SPF and con-

ventionally-reared pigs have 93-96%
macrophages, with lymphocyte populations
4.1. Effects on macrophages comprising 3-5% of the total, 2-4% neu-
trophils and minor populations (~0.1%) of

PRRSV infection of PAMs in vitro eosinophils, basophils and blast cells [29]. A
results in the rapid death of the cell, usuallstudy of PAMs revealed five distinct sub-
within 24 hours [8, 48]. The exact mechapopulations, with varying susceptibility to
nism of cell death is unknown, but is likely PRRSV infection [15]. The relative num-
to be through apoptosis. The gp5 protein abers of these sub-populations vary with the
the virus, encoded by ORF5, has beeage of the pig, and are also dependent on
shown to induce this phenomenon in cells irthe disease status of the pig. Such changes in
vitro [61]. Apoptotic events are not only PAM sub-population levels may have a
restricted to infected cells. Recently, Siri-bearing on determining the overall response
narumitr et al. [59] described the death byf the pig to immuno-stimulation or viral
apoptosis of bystander cells in a cell linechallenge. The percentage of susceptible
rather than those infected with either of twoPAMSs at any point in time could also affect
different strains of AMPRRSYV studied. the degree of any immuno-modulation suf-
These workers also examined infected lungiered by the pig as a result of destruction of
for evidence of apoptosis. This was seen ithese cells by PRRSV. A higher percentage
PAMs, but also in intravascular of cells with higher susceptibilities to
macrophages, and in mononuclear cell?PRRSV are present in young piglets. As a
Apoptotic tangible body macrophages andesult, there are higher levels of PRRSV
mononuclear cells were also detected imeplication in vivo [57]. This may help to
lymph nodes. A recent in vitro functional explain field observations of these younger
analysis of EUPRRSV-infected macrophageanimals being more susceptible to the res-
has been described by Oleksiewicz et apiratory form of PRRS [27]. Shibata et al.
[47], who noted an up to 40% reduction in[57] demonstrated viral antigens in the cells
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of bronchial lavage fluid for up to 49 daystion [74]. In a more detailed experiment,
post-infection, demonstrating that PRRSVShimizu et al. [58] examined the changes
persists in such cells long after serumn lymphocyte sub-populations during the
viraemia. course of natural and experimental
; AMPRRSV (Japanese source) infection of

In an attempt to further elucidate theSPF pigs. They found increases in CD2

\F/J?)rgmgt?gr?gemm%/ ct);(ren ?Srnog h?rgfailﬁ'and CD& cells, with a decrease in Cb4

wongnuwech et al. [63] studied the in vitroCeIIS and the ratio of CDACDS" cells. The

effects of low and high pneumovirulent.deCline in CD4 cell population (which

strains of PRRSV on pulmonary intravasJnclude T-helper cells, involved in immuno-

cular and alveolar macrophages from SPE)gical T:?Tg%% co|r|1tinued fc;r a; Ieastt 14
pigs of different ages. They found that ays, whi's O CellS (a marker for cyto-
intravascular macrophages from youngePOX'C T-cells, which recognise virus-infected

: ; ; ; ells) increased, peaking on days 28-35. An
pigs were more susceptible to infection, yegttempt to induce proliferation by in vitro

they could not distinguish between virulent” . . X
and low virulent viruses in this system, sug-s‘t'm.u"”1t|0n of cultured cells failed, sug-
gesting that the factors involved in virulencedesting that the effects of PRRSV on these
lay outside this phase. cells is not a direct one. _Thls work gxpanded
on the earlier observation of Christianson
Macrophage populations in infected pigset al. [18], who obtained similar results, but
have been demonstrated to be dysfunctiongrminated their observations at 14 days
at 7 days post-infection, being impaired inpost-infection. Certainly, PRRSV is known
their ability to synthesise superoxide into persist in pigs for up to 2-3 months post-
response to stimulation [44]. The percentagihfection [1, 19, 26], So experiments such
of these cells in lung lavages can drop fronas those described should be extended to
>95% to 50% at 7 days post-infection, withexplore the long-term effects of PRRSV, if
a significant suppression of non-specificany, on the immune system. Not all the pub-
bactericidal activity of the remaining PAMs |ished data of sub-cell populations are in
[43]. However, these PAMs in the lungs ofaccord. As Shimizu et al. [58] indicate, their
pigs 28 days post-infection showedresults are in direct conflict with those of
enhanced superoxide synthesis comparezhou et al. [74], who observed an increase
to controls. This phenomenon seems to bejg CD4t cells and a decrease in CD&lls
feature of viral infections of macrophagesin young pigs. A proffered explanation for
in general, rather than being specific tahis was the variation in pathogenicity
PRRSV [39]. among PRRSV strains. Bautista and Molitor
In conclusion, it seems that the effectd>] have provided a basic model for T-cell
of PRRSV infection are directly on the Studies, describing the kinetics of the T-cell
infected macrophages and that the loss d¥oliferation response, both after primary
phagocytic function is due to the effects of2nd secondary infection. They detected an
replication within the cell, culminating in Increased level of proliferation response

cell death. Apoptosis of uninfected cells ha&fter secondary exposure and showed that
also been observed in vitro this was due to CD4cells which were

effectors in this response.

4.2. Effects on T cells Furthermore, they showed that, in vivo,
there was a dose-dependent delayed-type
An early study of peripheral T-cell pop- hypersensitivity (DTH) response in infected
ulations of growing pigs showed their num-pigs following intra-dermal challenge with
bers to drop transiently at 14 days post-infednactivated PRRSV.
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Many theories have been offered proposmonths. The difference in the response to
ing a mechanism whereby PRRSV may altethese PRRSV proteins has been postulated
the population of T-cell sub-sets. Parallelgo be consequent to their molar ratio within
with other virus infections give rise to sug-the virion, rather than their immunogenicity
gestions of CD4T-cell death, perhaps with [40]. It is possible that one of the PRRSV
concurrent CD8 stimulation or that the proteins may act as a superantigen [64],
virus may act at the level of T-cell intra- cross-linking B- and T-cells via MHC Il and
thymic differentiation. Shimizu et al. [58] T-cell receptors to induce the effects
have proposed that a certain, as yet unideescribed. Albina et al. [3] also detected a
tified physiological stimulus, induced as astimulating effect on the pig immune sys-
consequence of PRRSV infection, may béem, after studying the immune functions
the cause of CD@8cell proliferation. of EUPRRSV-infected pigs super-infected

with Aujeszky’s disease. Total WBC count

and the number of Igh) CD2" and CD8
4.3. Effects on B cells cells were enhanced, with the increase in

the latter persisting for three consecutive

The study of the blastogenic response d/€€ks post-infection. These workers also
peripheral blood lymphocytes from PRRSV-detected a slightly diminished DTH response
infected SPF piglets, by Vézina et al. [67] 10 phytohaemagglutinin after one week, but
detected a transient diminution of the proWhich was restored thereafter.
liferative response of these cells at 3 days
post-infection. These workers also detected
an in vitro proliferative activity of mononu- 4.4. Effects on other cells
clear cells in the absence of any mitogen,

which persisted over time, suggesting a \j5crophages are not the only cells shown
polyclonal B-cell activation —a phenomenony, pe jnfected by PRRSV. Cell lymphocyte
also reported for another arterivirus, lactate, | monocyte populations in sows drop dur-
dehydrogenase-elevating virus of mic§ 4 the course of infection with PRRSV
(LDV) [10]. [17]. Cells of the monocyte lineage have
A feature of PRRSYV infections is the per-been shown to be susceptible to PRRSV
sistence of the virus within the infected anidinfection in vitro [68] and the PRRSV anti-
mal in the presence of a vigorous humorafjen has been demonstrated in lung endothe-
response, but the exact mechanism of tolial cells, macrophages in the heart and also
erance that leads to this phenomenon is cells resembling dendritic cells in the ton-
unknown. Such antibody has been showsils, lymph nodes, thymus and spleen [31].
to enhance uptake of the virus by susceptiFhe consequences of virus infection on the
ble cells [71]. Studies of the immunefunction and longevity of these cells are
response to individual viral proteins haveunknown. Immunohistochemistry was also
been reported [40, 42], showing that antiemployed in a time-based study of
body responses are mounted primarily tetAmPRRSV infection in gnotobiotic pigs
the nucleocapsid (N, encoded by ORF7)[55]. At 12 hours, PRRSV antigen was espe-
and, to a lesser extent, to the matrix proteigially evident in interstitial, alveolar and
(M, encoded by ORF6) and to the majorintravascular macrophages, but was also
envelope protein (E or gp5, encoded byeen in monocytes, and also in epithelial
ORF5). Within one week of infection, IgM cells of the bronchus and arterioles. Tonsil-
responses are detectable, peaking at 14-24r macrophages and mucosal epithelium
days and rapidly decreasing, being undealso contained viral antigen at this time,
tectable by 35-42 days. IgG titres peak athough to a lesser extent. At 14 and 21 days
21 to 28 days and are detectable for severpbst-infection, the viral antigen was detected
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in epithelial and macrophage cells in thecells with PRRS. Moreover, super-infection
heart - confirming the findings of Halbur of PAMs with transmissible gastroenteritis
et al. [31]. virus (normally a good inducer of IFl,

The placenta has also been identified a&iled to induce IFM production. These
a target organ for PRRSV [60] which is con-findings led these workers to postulate that
sistent with the observed effects of the virudFNa production in PAMs and peripheral
on pigs in late pregnancy. The effects can blood monocytes may be down-regulated
dramatic, resulting in abortions, stillbirths, following PRRSV-infection.
mummifications, and the birth of weak, A study of the effects of tumour necrosis
undersized piglets, through fetal hypoxiafactor (TNF) and INiFon the replication of
and diminished nutrient supply. The virus| DV by Cafruny et al. [13], showed that
also crosses the placenta, resulting in fetaihen these cytokines were given to mice,
infection, but no studies have been reportethey reduced the subsequent in vitro per-
of the consequent effects on the immunomissiveness of their macrophages to LDV;
competence of PAMs or other lymphoidhowever, the same effect was not seen if the
cells of piglets infected trans-placentallycells were treated with the cytokines directly,
with PRRSV. in vitro. They concluded that the effects
Rossow et al. [56] noted the appearancwere therefore secondary or accessory in
of strains of AMPRRSV with a marked neu-vivo and that cytokines may be involved in
rovirulence, and have demonstrated virathe regulation of LDV levels in mice and
replication within macrophages andthe virus-host relationship
microglial cells in lesions of the cerebral
cortex. It is unclear whether this recent
development is associated with the immun&. CONCLUSIONS
status of affected pigs, since the disease has
only been seen in herds with a history of The current view is in line with previous
PRRSV and which had been vaccinated witliecent reviews of this subject [7, 25, 41]
an attenuated PRRSV vaccine. Nor is it cleajhich conclude that, whilst there is some
whether the affected animals were infectedield evidence of immuno-compromisation
ante- or post-natally. An analysis of enve-of pigs following PRRSV infection, the
lope glycoproteins revealed differencesexperimental evidence is somewhat ambigu-
between these strains and the strain used gus. It is likely that any effects are due to a
the vaccine, but the course of infection thatransient deterioration of local lung cellu-
led to this manifestation remains unknownlar defences, which is difficult to reproduce
experimentally. Any effects due to PRRSV
are therefore likely to be short-lived, with
4.5. Effects on cytokines immune function returning to normal within
three weeks. The polyclonal B-cell response
This is perhaps the least studied of thehat has been observed with infection with
known effects of PRRSV on the pig immunePRRSV and other arteriviruses, has been
system. Interferons are commonly producedhown to enhance the humoral response to
by virus-infected cells and Albina et al. [2] subsequent infection with other agents and
showed that interferon-alpha (IBiNinhib-  to vaccinal antigens. Such activation could
ited growth of EUPRRSV in vitro, and thatbe due to one or more viral proteins acting as
low concentrations of IF&were detectable superantigens, but further elucidation of any
in the serum of infected pigs, but somewhatimmunomodulation of immunity by
surprisingly, not in lung secretions. A seriesPRRSV, by this or other mechanisms, must
of in vitro experiments revealed that noawait the results of analyses of the effects of
IFNa was produced following infection of viral proteins on the cellular and humoral
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response of the pig. Such an approach would
also elucidate any differences among global
types or strains of PRRSV.

Much of the field and experimental work
described has been limited to observations or
measurements of the effects of individual
strains of PRRSV on specific classes of pige.
The variation in pathogenesis of different
isolates of PRRSV is well documented [20,
32, 35]. Pathological studies have led work-
ers to postulate that it is related to their abil-
ity to replicate in vivo [33] though it is pos-
sible that such pathogenesis may also be
related in part to the ability of certain strain
to evade or modify the immune system osﬁ
the host. The highly pathogenic PRRSV th
was reported in the mid-western states o
the USA [4] and the emergence of highly Future work should concentrate on the
neuropathic strains [56] makes generalisanteraction of PRRSV on its host, and in
tions imprudent, as the basis of such heighpanlcular, on the |nteract|0n with the various
ened pathogenicity is, as yet, unknown. facets of the pig immune system and the

. - long-term effects of the virus on surviving
The existence of two distinct genotype

iglets infected in utero. Other factors
of PRRSV has been known for many year§y, o\yed in virulence of PRRSV may be

but many authors do not clearly diStir‘g“iS'\/irus-encoded, so the mechanism of viral

the genotype associated with a particulafgication and the effects of soluble fac-
study. | propose that, in line with the nomen

clature of many other viruses, PRRSV mlors Sho‘?'d be furthgr explor_ed.

the European type, with 128 amino acids in Any virus used in experimental work
the nuc|e0capsid, be called PRRSV type 1S,hOU|d be characterised in terms of its geno-
since it was the first to be isolated and théype (PRRSV type 1 or type 2), so that,
American type, having 123 amino acids, beéhould any differences in virus-host inter-
termed PRRSV type 2. action between genotypes or strains become

Th luSi ¢ thi . h apparent, a retrospective examination of the
fore: e conclusions ot this review are t ere'published work will provide a more valu-

able analysis.
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