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Abstract The present study was undertaken to investigate

the possible involvement of cattle in the epidemiology of

peste des petits ruminants (PPR) as subclinical carriers. Cattle

were exposed experimentally to PPR virus (PPRV) infection

or placed in contact with PPR infected goats. Clinical samples

including heparinized/EDTA blood, plasma, peripheral blood

monocyte cells (PBMCs) and clotted blood (for serum) were

collected periodically from 21 days post infection (dpi) to 397

dpi (21, 45, 50, 57, 65, 95, 111, 119, 148, 190, 203 and

397 dpi) and tested for PPRV antigen, nucleic acid and anti-

body. Exposed cattle seroconverted and maintained PPRV

specific haemagglutinin antibodies and detectable PPRV

antigen/nucleic acid in blood, plasma and PBMCs from 21 to

397 dpi. PPRV was recovered from blood and PBMC col-

lected from experimental animals at 21 dpi, initially in B95a

cells and then adapted to Vero cells. The study indicated that

PPRV can infect cattle subclinically and PPRV antigen/

nucleic acid persist in cattle for at least 397 days.
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Peste des petits ruminants virus (PPRV), the causative

agent of PPR, is a member of the Morbillivirus genus of the

Paramyxoviridae family. The seroprevalence of PPR in

cattle [2], buffaloes [4, 9] and wildlife (Dorcas gazelle,

Gemsbok) [7] has been reported and the infectious virus

has been described from gazelles, buffaloes and camels [1,

9, 10]. The subclinical form of PPR in cattle may indicate

novel aspects on the epidemiology and pathogenesis of

PPRV with implications on the mechanism of adaptation of

the virus in a new host niche. In this study, the ability of

PPRV to cause subclinical infection in cattle exposed to the

virus either directly or by exposure to infected goats was

demonstrated. PPRV was isolated after 21 days post

infection (dpi) from infected cattle PBMCs and the detec-

tion of PPRV antigen/nucleic acid in blood, plasma,

PBMCs and antibody in serum samples from 21 to 397 dpi.

Calves (Nos. 182, 185 and 190) were kept in direct contact

with four goats that had active PPRV experimental infection

with virulent goat-adapted PPRV as described earlier [11].
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10 % PPRV infected goat spleenic suspension, subcutane-

ously as described earlier [11]. Nasal, oral and rectal swabs

were collected from the cattle up to 14 dpi. The heparinised/

EDTA blood and clotted blood were collected for PBMC

and serum preparation, respectively from all the cattle after

21dpi periodically up to 397 dpi (21, 45, 50, 57, 65, 95, 111,

119, 148, 190, 203 and 397 dpi).

Serum samples were monitored for the presence of

PPRV-specific antibodies by PPR competitive-ELISA (c-

ELISA) [12], while, whole blood, PBMCs, plasma and

swabs were subjected to sandwich ELISA (s-ELISA) [13]

and RT-PCR assays [3, 6, 8] for the detection of PPRV

antigen and nucleic acid, respectively. Indirect fluorescent

antibody tests (IFAT) for antigen demonstration were

carried out using PBMCs from s-ELISA positive animals.

Vero cells (CCL-18, ATCC) and B95a (EBV-trans-

formed marmoset B) cell line, were propagated in growth

media (EMEM and RPMI-1640, respectively) containing

10 % fetal bovine serum (FBS) and maintained with 2 %

FBS. The whole blood and PBMCs were used for isolation of

virus in both cell lines. Primary isolation of virus from cattle

PBMCs was carried out in B95a and Vero cells using

PBMCs that were positive by both s-ELISA and indirect

FAT. Briefly, isolated PBMCs -1 9 102 cells (by co-cul-

tivation) and blood -500 ll (by adsorption) with either

1 9 106 B95a or Vero cells in a 25 cm2 tissue culture flask,

incubated in 5 % CO2 and observed for morphological

changes for 48–72 h with a change of media every alternate

day. B95a cell harvests showing evidence of morbillivirus

specific cytopathic effect (CPE), such as large syncytia,

fusion and cording of cells at the third passage after isolation

were freeze-thawed twice and further used to infect Vero

cell. The virus (PPRV/Cattle/Muk/07) was passaged four-

times in Vero cells and isolated. The cell culture adapted

virus at the fifth passage after isolation from cattle was

confirmed by s-ELISA, RT-PCR assays and sequencing

(GenBank Acc. Nos. EF641263 and EF641264).

PPRV was detected in cattle following experimental

infection and it remains to be seen as to whether the virus

is in the process of adaptation to a new host or whether a

subclinical infection is resulting due to the relative non-

permissiveness of the host to the virus. Most of the clinical

samples from animals tested positive for PPRV antigen in

s-ELISA, except a blood sample from a cattle exposed

indirectly and four PBMC samples each from cattle

exposed directly and indirectly. PPRV exposed cattle

revealed the presence of virus antigen in blood samples

(blood/plasma/PBMC) (Table 1). At 397 dpi the s-ELISA

was suddenly giving strongly positive in all the cattle. This

is a very interesting observation as it indicates that the

virus may have adapted in some way in the system, so the

multiplication of the virus load in the blood may be high,

which needs to be further studied. T
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The PBMCs from an animal, (#182, highly reactive in

s-ELISA) after 21 days post infection showed immunofluo-

rescence in FAT (Fig. 1). To verify the presence of PPRV in

cattle exposed to infected goats, PPRV N, M and F gene-

specific RT-PCR assays were performed and the results indi-

cate that some of the blood, plasma and PBMC samples were

positive for either of the RT-PCR assays. The samples were

scored more positive with N gene-based PCR than that of the M

gene- and F gene-based RT-PCR assays, as reported earlier.

Earlier, natural transmission of PPRV from sheep and goats to

cattle (in-contact transmission) has been demonstrated [2]

without any clinical signs but the cattle were seroconverted and

protected against rinderpest virus challenge [5].

Virus was isolated from blood and PBMC samples col-

lected from animals after 21 dpi exposed directly or indirectly.

The characteristic CPE in B95a cells were syncytia and pre-

sence of large fusion masses. Initial isolation attempts in Vero

cells were unsuccessful. However, B95a adapted virus, at

passage three, produced CPE in Vero cells (Fig. 2). PPRV

isolates either in B95a or Vero cells were detected by PPRV

different gene-specific RT-PCR assays and serological assays.

Infection was productive after four blind passages only in

B95a cells. However, harvest from infected B95a cells

induced productive infection in Vero cells on sixth passage.

Virus isolation was successfully recovered from three animals

(95, 182 and 190), where as inconclusive results obtained from

two cattle (92 and 185). The titre observed for the isolated

adapted virus in the Vero cells was 104.5 TCID50/ml. Further

attempt was not made for the isolation of virus from infected

cattle at different intervals, as the known virus was inoculated

into the unnatural host to know the persistence of virus espe-

cially to detect virus antigen/nucleic acid in the blood samples.

There was an agreement between antigen detection and

virus isolation from PBMC of different animals. The

Fig. 1 Detection of PPRV

specific antigen from PBMCs

collected from infected cattle

(animal # 182) using PPRV

anti-N monoclonal antibody

(MAb) (a) and anti-H MAb

(b) in IFAT (magnification at

910). N protein staining

showing characteristic diffused

fluorescent foci but that was

localizing on the cell surface in

case of H MAb staining

Fig. 2 Micrograph showing

characteristic cytopathic effect

of PPRV in B95a cells (a) and

Vero cells (b) recovered from

infected cattle with uninfected

B95a (c) and Vero cells (d)
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results demonstrate the presence of virus in subclinically

infected cattle that were exposed to PPRV. However, oral,

nasal and rectal swabs that were screened up to 14 dpi were

negative for PPRV antigen/nucleic acid detection in

s-ELISA/RT-PCR assays. This indicates that the cattle

pose no risk in transmitting the disease or secreting the

virus in the natural secretion of the animals. The infected

cattle seroconverted by 21 dpi and remained seroconverted

until the end of the study (397 dpi). The animals main-

tained a high titer of PPRV-specific haemagglutinin inhi-

bition antibodies in terms of PI values ranging from 55 to

96 % for a period from 21 to 397 dpi (Fig. 3) with

detectable PPRV antigen in blood (Table 1).

The most significant finding of this study is that PPRV

antigen and nucleic acid were detected for up to 397 dpi in

cattle indicating that the virus is likely to be persisting in cattle

for this time period. It is also interesting that virus was isolated

from the cattle at 21 dpi. Further, it is clear from the experi-

ment that (i) PPRV can infect cattle subclinically although

their exact tropism is unknown. Data seems to indicate that

PPRV persists in cattle for long periods (ii) PPRV was not

detected in the secretions and excretions tested suggesting that

they pose no or low risk in transmission of the virus to other

animals (iii) PPRV can be isolated from PBMC of subclini-

cally infected cattle. Further studies are needed to investigate

whether the target species i.e. goat and sheep maintain PPRV

for long periods subclinically and where the virus persists in

subclinically infected cattle.
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