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Abstract This is a first report in Mexico of the presence of
antibodies against respiratory syncytial virus (RSV) and
parainfluenza-3 virus in Mexican sheep in different pro-
ductive stages. We determine the association of serological
positivity with age and production system, and obtain
molecular evidence of infection by both virus. RSV
prevalence in adult sheep was 47% (49/105) at the tropic
and 64% (63/99) at the uplands. A significant difference in
RSV seropositivity between animals from the tropic and
the uplands was observed (P < 0.05). Seropositivity cor-
related with production system (P = 0.003, OR = 2.042),
with a risk of showing antibodies was 2.042 times higher in
sheep under an extensive production system. A significant
difference in PI3V seropositivity between animals from
either provenance (P = 0.017, OR = 0.475) were also
found, with a risk of showing antibodies 0.475 times higher
in sheep under an extensive production system. Genetic
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material from RSV and PI3V was identified by RT-PCR in
nasal swab samples from clinically healthy lambs and
confirmed by sequencing and phylogenetic analysis. Sero-
logical results show that sheep are susceptible to infection
by both viruses, and molecular results suggest that the
identified antibodies are result of natural infections and
reinfections.

Keywords Paramyxovirus - Respiratory complex -
Serology - Seroprevalence - RT-PCR - Phylogeny

Introduction

Small ruminant respiratory complex is one of the main
morbidity and mortality causes in sheep flocks as outcome
of the exposition to adverse weather conditions, animal
displacement, overcrowding, and stress, which increase
susceptibility to viral and bacterial infections. It affects
animals of all age and breed, but younger animals are more
susceptible [22, 33]. Respiratory complex affects cattle all
over the world, causing significant economic losses by
subclinical manifestations, such as low weight gain,
delayed growth, and expensive treatment [4, 35].
Parainfluenza-3 virus (PI3V) and respiratory syncytial
virus (RSV) of the family Paramyxoviridae, are prominent
and constitutive viruses of the respiratory complex [20],
among the most prevalent pathogens in upper and lower
respiratory tract infections [11, 12]. Aerosols and direct
contact are the main transmission modes [16]. Clinical
signs of infection include cough, anorexia, pyrexia, nasal
and ocular discharge, and dyspnea [22]. High seropreva-
lences for RSV (90.8%) and PI3V (85.6%) in cattle of
Mexico has been reported [36], which pointed out the
importance of implementing control measures such as
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vaccination, as well as introducing and/or complementing
appropriate handling practices [11]. In sheep from other
countries, seroprevalence for RSV ranges from 49.3% [1]
to 60.86% [2] and for PI3V from 31.3 to 86.5% for PI3V
[31]. These data reflect the susceptibility of sheep and
cattle to infection by RSV and PI3V due to a species
cohabitation and exposition to predisposing factors as
weather conditions, inappropriate handling, stress, etc.
[43]. To date, no report exists in Mexico on RSV and PI3V
circulation among sheep, on their association to factors like
age and production system or on the circulating virus
strains. This study is aimed to identify the presence of
specific antibodies against RSV and PI3V in sheep
according to the productive stage, to determine the asso-
ciation of serological results with factors like age and
productive system, and to provide molecular evidence of
the presence of these viruses.

Materials and methods
Population under study

An observational, transversal study on two sheep pro-
duction systems was performed. One of these production
systems was located at the uplands, Mexico City, with
cool, semi-humid climate, summer rains, yearly pluvial
precipitation of 800-1200 mm, and average temperature
of 19 °C. The other system was located at the tropic,
Veracruz, Mexico, with warm, humid climate, average
temperature and precipitation of 23.4 °C and 1840 mm,
respectively. Two hundred and eighty-five blood samples
were taken; 141 were from upland sheep under an
intensive production system, mainly of Pelibuey, Suf-
folk, and Rambouillet breeds; the other 152 samples
were from sheep under an extensive production system
at the tropic, of Pelibuey and Katahdin breeds. No
vaccination against any viral agent is performed in either
production system. This study was approved by the
Institutional Committee for Care and Use of Test Ani-
mals (CICUAE) at Facultad de Medicina Veterinaria y
Zootecnia, Universidad Nacional Autéonoma de México
(FMVZ-UNAM). Sample size was calculated using the
formula by Cannon and Roe [42].

Serum samples

Blood samples were collected by direct puncture of the
jugular vein with anticoagulant-free Vacutainer® tubes. All
samples were labeled and taken to the FMVZ-UNAM
Molecular Virology Laboratory; sera were obtained by
centrifugation at 1500 rpm for 15 min and kept at —20 °C
until processed.

Nasal secretions

Using sterile swabs, nasal secretion samples were collected
from lambs and from any other animal with respiratory
signs. Swabs were placed in Cryovial® containers with
1 mL of maintenance medium and kept at 4 °C for trans-
portation to the laboratory; then, they were kept at —70 °C
until used.

Virus

A bovine RSV strain (ATCC VR-1485 Iowa) was used. It
was propagated in VERO cell line culture. A bovine PI3V
strain (ATCC VR-281) was used. It was propagated in
MDBK cell line culture.

Antibody detection

Antibodies against RSV were detected by serum neutral-
ization test, following the procedure described by Gian-
gaspero et al. [15], with some modifications. Confluent
VERO cell monolayers were obtained by placing 100 pL
of a 10° cell/mL suspension in sterile, flat-bottom 96-well
plates. Twofold serial dilutions were performed, starting
with 1:10 until 1:1240 with serum-free MEM. Then, 50 puL
of 100-DICC50% virus solution was added. Virus-con-
taining diluted sera were incubated for 1 h at room tem-
perature and supplemented with MEM plus 2% fetal
bovine serum. Serum-virus mixture were kept at 37 °C
under 5% CO, atmosphere for 96 h. Any serum capable of
protecting the cell monolayer (i.e., no cytopathic effect was
observed) equal to or higher than 1:20 was regarded as
positive.

The presence of specific antibodies against PI3V was
assessed by hemagglutination inhibition (HAI) test, fol-
lowing the procedure described by Gafer et al. [12], with
some modifications. Sera were treated with 25% kaolin and
5% heat-inactivated bird red blood cells suspension at
56 °C for 30 min. PI3V was adjusted to 4 hemagglutinant
units in 25 plL; 0.5% bovine erythrocytes were used. Two
fold serial dilutions were performed, starting with 1:20
until 1:2480 using V-bottom 96-well plates. Sera were
regarded as positive when titer was equal to or higher than
40.

Molecular detection of viral RNA in nasal secretion
samples

RT-PCR and sequencing
Viral RNA was detected in nasal swabs. RNA was

extracted with the QIAamp® Viral RNA purification kit
(Qiagen, Dusseldorf, Ger.) following the manufacturer’s
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Table 1 Primers and temperatures used in RT-PCR assay

Virus Gene  Primer Product size (bp)  Temperature °C ~ Cycle time (s)
BPI3 (Bovine PI3) M Fw 5’AAAGGAGTAGTTCAGATTCTAGATG3' 199 A 94 30

Rw 5ATATAGAGCCAGTTGCGTT3’ B 55 30
BRSV (Bovine SRV)* N Fw 5FGTACCAATGTCAACCAAATTCC3’ 245 CcC72 90

Rw 5RTTTGCACATCGTAATTGGGTAT3'

Each stage temperature was maintained for the time shown in the next column

Temperatures for denaturation (A), annealing (B), and extension (C) PCR stages

" Patent, file # Mx/a/2012/012701

instructions. RT-PCR assay was performed with the QIA-
GEN OneStep RT-PCR Kit® (Qiagen, Dusseldorf, Ger.),
using the previously designed primer pairs shown in
Table 1. Samples were amplified in 35 cycles starting with
a cDNA stage at 50 °C for 30 min and a denaturation stage
at 95 °C for 15 min; RT-PCR conditions are summarized
in Table 1; a final extension stage at 72 °C for 10 min was
used in a Mastercycler Gradient Eppendorf® thermocycler.
The amplified fragments were placed on a 2% agarose gel
in Tris—acetate-EDTA (TAE 1X) buffer and were run at
89 V in a horizontal electrophoresis chamber for 45 min.
Gel was stained with ethidium bromide and viewed in a
transilluminator, identifying the expected amplicons with
molecular weight markers from 100 through 1000 bp. PCR
products from positive samples for both viruses were ran-
domly selected and submitted to the Instituto de Fisiologia
Celular, UNAM, to be sequenced by the Sanger method.

Phylogenetic analysis

The sequence of Mexican PI3V and RSV samples were
aligned with sequences from GeneBank by the MUSCLE
method [7]; phylogenetic trees were built by the Maximum
Likelihood method based on the Kimura-2 model, using the
MEGA software ver. 7.0.18 [19]. The robustness of the
phylogenetic trees was assessed by bootstrap resampling
analysis on 1000 repetitions. The GeneBank access num-
bers for the sequences used to build phylogenetic trees for
RSV are AF188552, AF188550, AF188531, KU159366 y
AF295543; and for PI3V are Y00114.1, KP757872.1,

JX969001.1, KJ647284.1, KJ647285.1, KJ647287.1,
KJ647288.1, KU198929.1, EF108222.1, AF178654.1,
KTO071671.1, EU277658.1, HQS530157.1, HQ530153.1,

AF178655.1, LC000638.1, AB770485.1, LC040886.1, and
KT215610.1.

Statistical analysis
Data from either animal production system were collected

and then analyzed with contingency tables to determine the
association of PI3V or RSV seropositivity in sheep with
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predisposing factors such as age (>1 year-old, <1 year-
old) and production system (extensive, intensive). Tests for
independency were performed to determine whether or not
association exists between seropositivity and provenance
from either production center. The Chi squared statistic
was used, and association was regarded as significant when
P < 0.05. SPSS statistical software v. 16.0 (SPSS, Inc.,
Chicago, IL) was used for all analyses.

Results and discussion

From 293 sheep included in this study, 69.6% (204) were
older than 1 year and 30.4% (89) were lambs. Among adult
sheep, 51.4% (105) were from the tropic (extensive system)
and 48.6% (99) were from the uplands (intensive system).
Mean age was 3.6 years-old (£2.8 years) at the tropic and
2.4 years-old (£0.75 years) at the uplands.

From 204 adult sheep, 53% (112) were positive to RSV.
By production center, seropositivity among adult sheep
was 47% (49) for the tropic and 64% (63) for the uplands.
From 89 lambs, 61% (54) were positive to RSV. By pro-
duction center, seropositivity among lambs was 52% (25)
for the tropic and 71% (29) for the uplands. On the other
side, from 204 adult sheep, 166 (81.4%) were positive to
PI3V. By production center, seropositivity among adult
sheep was 78.8% (78) for the tropic and 83.9% (88) for the
uplands. From 89 lambs, 84.3% (75) were positive to PI3V.
By production center, seropositivity among lambs was
95.6% (44) for the tropic and 72.1% (31) for the uplands.
The frequency of antibody titers among adult sheep and
lambs is shown in Table 2. Lamb seropositivity in both
production systems is depicted in Fig. 1, showing preva-
lence percentage according to age.

The association between seropositivity percentage and
sheep provenance was assessed to determine whether the
risk of showing antibodies against RSV or PI3V was higher
in sheep from an extensive or an intensive production
system. RSV seropositivity percentage was significantly
different between adult animals from the tropic and from
the uplands (P < 0.003). A significant association was
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Table 2 Frequency of antibody titers against SRV and PI3V in adult
sheep and lambs by production center

RSV PI3V
Titer Tropic Uplands Titer Tropic Uplands

n =152 n = 141 n=152 n = 141
0 (37) 243% (10) 7.1% 0 (853% (2) 15.5%
10 (41) 27% (38) 27% 20 2 13% (5) 3.5%
20 (39)25.7% (25) 17.7% 40 (9) 6% (6) 4.2%
40 (13) 8.6%  (28) 199% 80  (21) 13.9% (25) 17.6%
80 9) 5.9% (10) 7.1% 160  (93) 61.6% (54) 38%
160 (5)3.3% (13)92% 320 (15)99%  (28) 19.7%
320 () 7% (2) 1.4% 640  (3) 2% (2) 1.4%
640 0 0

1280 (7) 4.6%  (15) 10.6%

Titer values are expressed as the inverse of serum dilution
Sera were regarded as RSV positive when titers were > 20
Sera were regarded as PI3V positive when titers were > 40

80%
70%
60%
50%
40%

30%

Seroprevalence

20%

10%

3 Months

2 Months

1 Month

Fig. 1 Seropositivity percentage in lambs by age in both animal
production system

found between RSV seropositivity and production system
(P = 0.003, OR = 2.042), with a risk of showing anti-
bodies 2.042 times higher in sheep under an extensive
production system. With respect to PI3V, a significant
difference was also found between animals from either
provenance (P < 0.05). PI3V seropositivity and production
system were also associated (P = 0.017, OR = 0.475),
with a risk of showing antibodies 0.475 times higher in
sheep under an extensive production system (Table 3).

In total, 63 swab samples from lambs between 1 and
2 months of age were collected in winter months. Twelve
5-swab pools and one 3-swab pool were formed, for a total
of 13 sample pools. From these 13 samples, 5 (38.4%) were
positive to RSV, showing bands of the expected 256-bp
size. On the other hand, 9 samples (69.3%) were positive to
PI3V, showing bands for the expected 199-bp size (Fig. 2).
As positive controls, RSV (ATCC VR-1485 Iowa) propa-
gated in VERO cell line culture and a bovine PI3V strain
(ATCC VR-281) propagated in MDBK cell line culture

were used, where cytopathic effect (CPE) was observed
72 h post-infection.

The phylogenetic tree based on the nucleotide sequence
of complete genomes, on reported RSV and PI3V
sequences, and on randomly selected positive samples (7R
and 11R for RSV, 7P and 11P for PI3V), for RSV shows
that the RSV/ILAMB/MEXICO-7R/2013 and RSV/LAMB/
MEXICO-11R/2013 strains are grouped with a bovine-
originated strain reported in the USA in 2015; however, the
RSV/BOVINE-ATCC51908/USA/2000 reference strain is
in another cluster, along with French strains reported in
GeneBank (Fig. 3). PI3/LAMB/MEXICO-7P/2013 and
PI3/LAMB/MEXICO-11P/2013 are grouped in a cluster
with bovine PI3V strains reported to date in Argentina and
Egypt (Fig. 4), distant from the US strains, which are
grouped in independent clusters with North and South
America, Japan, Australia, and China strains, along with a
goat-originated strain. The phylogenetic tree based on the
nucleotide sequence of complete genomes and on reported
sequences.

The antibody detection results herein reported demon-
strate that RSV and PI3V are circulating in Mexican sheep,
and those sheep are seroconverting against both viruses.
A RSV seropositivity value of 53% in sheep is similar to
that reported for bovines in Colima, Mexico, with a
prevalence of 60.8% [10], and also similar to the 49.3%
reported for Peruvian sheep in 2006 [1]. A study conducted
in Japan in 2013 showed a seropositivity of 8.69% in sheep
[15], far below the findings of this study. A PI3V
seropositivity of 81.4% is similar to that reported for
bovines at Yucatan, Mexico, with 88% [36] and to the 82%
reported for Brazilian sheep in 2010 [2], and very different
to the findings in Japan, where a recent study showed a
PI3V prevalence in sheep of 11.73% [15]. This high anti-
body detection indicates that exposition to these agents is
common, and that both viruses are widely distributed in
Mexico, just as it had been demonstrated in other studies
with bovine cattle [10, 36]. The serological response
reflects a natural infection, since no vaccination against
RSV or PI3V was undertaken in this study.

With respect to the age of subject animals, the observed
RSV seroprevalence of 47% in adult sheep is similar to that
reported for Italian sheep in 2000, with 42% [13] and in
sheep under a mixed flock system in Peru, with 49.3% [1].
Another study in sheep from Syria reported a higher
prevalence, with 63.6% [13]. All these reports were made
on sheep under an extensive shepherding system. The
found seroprevalence in adult sheep from the uplands is
high with respect to the reports from Italy and Peru, but it is
similar to that from Syria. There are no prevalence reports
on sheep under an intensive production system, but
prevalence values over 70% have been reported for bovines
under an intensive production system [11]. The presence of
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2 RSV+ TN

2 PI3V+¥ TN 1

Fig. 2 RT-PCR of Parainfluenza-3 Virus and Respiratory Syncytial
Virus, 2% agarose gel. Amplicons obtained by RT-PCR (1 and 2)
were analyzed by electrophoresis using a molecular weight marker
from 100 to 1000 bp. The following controls were included: Bovine
Respiratory Syncytial Virus (VRS+), Bovine Parainfluenza-3 Virus
(VPI3+), and negative controls (TN)

antibodies against PI3V in adult sheep from the tropic is
high with respect to the reported prevalence in Bulgarian
sheep, with 31% [31] or to the reported value for Peruvian

sheep, with 49.3% [1]. Antibody prevalence is even higher
in sheep from the uplands (83.9%). No previous reports
exist on seroprevalence in sheep, but values of 84.4% were
reported for Iranian bovines [34] and of 85.6% for bovines
from Yucatan, Mexico [36].

In lambs, RSV prevalence was different in both pro-
duction centers. Lambs from the tropic showed lower
prevalence (52%) than lambs from the uplands (71%).
PI3V prevalence was also different: a higher prevalence
was observed in the tropic (95.6%) than in the uplands
(72.1%). Both prevalence values were higher than those
reported in feedlot calves from Europe, with 8.4% for
bovine RSV (BRSV) and 21.2% for PI3V [27], but similar
to those reported in calves from USA, with 75% of
seropositivity for BRSV and 50% for PI3V [14].

The difference in antibody prevalence between both
production systems could be due to the system itself. Pre-
disposing factors for infection by respiratory complex
viruses include coexistence with other species like bovines
or goats, confinement, constant exposure to pollutants,
sudden temperature changes, and stress [3, 28, 36]. Sheep

Table 3 Association between sheep seropositivity against RSV/PI3V and production center

Antigen Variable Category No. of seropositive sheep No. of seronegative sheep P value

RSV Production system Extensive 74 78 0.003*
Intensive 93 48

PI3V Extensive 132 19 0.017*
Intensive 109 33

* Statistically significant, P < 0.05

Fig. 3 Phylogenetic analysis of
RSV/LAMB/MEXICO-7R/ 61
2013 and RSV/LAMB/

MEXICO-11R/2013. Molecular

Phylogenetic analysis by

Maximum Likelihood method,

phylogenetic trees based on the 2
nucleotide sequences of the
genomes of bovine RSV and
other RSV strains. Scale bar

RSV/BOVINE/FRANCE-BAYOVAC/1999

1 RSV/BOVINE-ATCC51908/USA/2000

RSV/BOVINE/FRANCE-LELYSTAD/1999

RSV/BOVINE/FRANCE/1999

indicates genetic distance.
Numbers at nodes indicate
bootstrap percentages obtained

after 1000 replicates. Our
sequences RSV/LAMB/
MEXICO-7R/2013 and RSV/
LAMB/MEXICO-11R/2013
were marked with diamond

RSV/BOVINE/USA/2015

| 4 RSV/LAMB/MEXICO-7R/2013

0.005
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Fig. 4 Phylogenetic analysis of
PI3/LAMB/MEXICO-7P/2013
and PI3/LAMB/MEXICO-11P/
2013. Molecular Phylogenetic
analysis by Maximum
Likelihood method,
phylogenetic trees based on the
nucleotide sequences of the
genomes of bovine PI3V and
other PI3V strains. Scale bar 72
indicates genetic distance.

Numbers at nodes indicate

bootstrap percentages obtained 97
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sequences PI3/LAMB/
MEXICO-7P/2013 and P13/
LAMB/MEXICO-11P/2013
were marked with diamond

PI3/BOVINE/EGYPT/2014
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PI3/BOVINE/USA-TVMDL15/2009
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PI3/BOVINE/ARGENTINA-4/2009
PI3/BOVINE/ARGENTINA-1/2009

0.05

from the uplands are handled under an intensive-type
production system, where they coexist with bovines and
goats; overcrowding and the contact between healthy and
diseased animals are also favored. In the tropic, on the
other side, production system is extensive; no other species
coexist directly with sheep. While this could explain a
lower seroprevalence, the higher relative humidity at the
tropic could favor infection by these viruses [28]. This is
the first report on RSV and PI3V seroprevalence in lambs
and adult sheep in Mexico. Lambs should gain size and
weight in this production stage, but it is clear that animals
are becoming infected and could exhibit a drop in pro-
duction parameters, since it has been demonstrated that
respiratory diseases can increase mortality up to 10% in
this stage [24] or cause lower food ingestion, and hence a
drop in production rates [27].

Antibody titers ranged from 1:10 through 1:1280 for
RSV and from 1:20 through 1:160 for PI3V, suggesting
that most animals suffer constant reinfections, either by
continuous low-level virus circulation or by virus

991 | PI3/BOVINE/ARGENTINA-2/2009

81| PI3/BOVINE/ARGENTINA-3/2009
PI3/BOVINE/ARGENTINA/2011

reintroduction [9]. Notwithstanding antibody production,
when a challenging virus is highly infectious, the primary
immune response fails to prevent reinfection; an effective
prevention would require a wide response to multiple viral
antigenic sites or to different circulating strains [23, 46].

The presence of serum antibodies against RSV and PI3V
in lambs younger than 1 month is due to passive immunity;
the antibodies are transferred from mother to lamb by
colostrum ingestion, protecting lambs against respiratory
disease. Lambs show an increase in anti-RSV antibody
titers after 2 months of age, and a decrease by 3 months of
age. Anti-PI3V antibodies remain in low but non-zero
levels (Fig. 2). This reveals that lambs are in contact with
RSV and PI3V and develop a humoral immune response
[17]. Passive immunity in calves has been reported to last
from 4 months through 6 months, and calves develop their
own humoral response only after 12 months of age [8, 45].
Lambs that ingest enough calostrum are protected against
diseases. This passive immunity decreases at different
rates, lasting up to 12 weeks [41].
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Statistically significant differences in RSV and PI3V
seropositivity between both production systems were
found, Saa et al. [32] suggests that production under an
extensive system has a potential risk factor due to the
possible proximity to neighboring production facilities or
wild animals acting as disease reservoirs [26]. Mentions
that flocks are often visited by several persons such as
buyers, veterinaries, technicians, and thus have a higher
risk of respiratory infections [36]. Sustain that animals at
the tropic are more exposed to climatic factors like rain or
high relative humidity, or higher temperatures during
daytime, with the ensuing stress. Confinement is regarded
as one of the main predisposing factors for respiratory
disease in ruminants [22], and consequences are the low
weight gain and high mortality, which causes economic
losses to producers [29]. Best management practices,
avoiding adverse weather conditions, proper ventilation of
facilities and population density control help to reduce the
incidence of respiratory diseases [33, 39].

No relationship was demonstrated between age and the
presence of antibodies against both viruses. This could be
due to a continuous circulation of the viruses with no
disease outburst, being thus all animals equally suscepti-
ble [26]. Disregarding the causal agent, the clinical signs
of respiratory disease can be very similar. It is often
unknown whether it is of viral or bacterial origin. How-
ever, the most common bacterial complications have been
reported to be with Mannheimia haemolytica and Myco-
plasma, which require antibiotic treatment with tilmicosin,
florfenicol, amoxicillin-clavulanic acid, ampicilline,
oxytetracycline dihydrate or procaine benzylpenicillin
hydrochloride [6].

Preventive management includes vaccination three
weeks after lamb birth against bacterial diseases such as
Mannheimia Haemolytica, Pasteurella or Clostridium, fol-
lowed by an annual booster vaccination. However, this
vaccination regimen only provides passive immunity for
lambs up to five weeks after birth [33]. There are bovine
P13 attenuated-virus vaccines which are antigenically
related to the ovine subtype but they do not reduce the
incidence of pneumonia. On the other hand, it has not been
reported effective vaccination against RSV [38, 40];
however, lambs eating sufficient colostrum within the first
18 h of life have been reported to be protected against these
diseases. This passive immunity slowly decreases and lasts
up to 12 weeks [30]. These should be taken into consid-
eration for the control of these diseases in lambs.

RT-PCR assay for BRSV and PI3V detection demon-
strated the presence of virus in clinically healthy lambs. All
serological test results show that sheep are susceptible to
infection by these viruses, and RT-PCR results suggest that
the identified antigens are the result of natural infections
and probably of reinfections [5, 9]. According to a
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sequence-based phylogenetic analysis of the complete
genome of bovine RSV and PI3V, the genetic material
detected in lamb nasal swab samples should be grouped
with these previously reported sequences. Since they are
located in separate clades, however, it is not possible to
state or reject that those isolates are of direct bovine origin;
additional samplings and a close follow-up of those herds
are required. There are few reports on the circulation of
RSV and PI3V in Mexican cattle, and there is no report on
the isolation and/or sequencing of these viruses in small
ruminants. Virologic isolation and physical-chemical
characterizarion of PI3V in bovines has been reported in
South America, but no phylogenetic studies were per-
formed on these isolates [21]. PI3V strains have been
isolated and characterized from beef cattle in the USA, and
the isolation of this agent was reported in China, specu-
lating that it could have derived from North America [47],
however, our phylogenetic tree shows that Mexican strains
do not come from USA and they are in a different clade to
that reported by Wen et al. [47]. PI3 strains found in
Mexican lambs are clustered together with bovine virus
reported in Argentina in 2009. These viruses come from the
PI3/BOVINE/EGYPT/2014 strain and it is unclear how
these strains made their way into Mexico; it is very likely
that they were introduced in cattle traded from that country.

VRS has also been isolated and sequenced from bovines
in countries like Brazil and Norway [18, 37]. A new
member of the respirovirus genus, called Caprine Parain-
fluenza 3 virus, was recently reported in goat herds [48];
however, to date there are no reports on the isolation or
detection of PI3V or VRS specific for sheep, even though
respiratory diseases in small ruminants proved to be one of
the main causes of losses in the herd [25].

This is the first report on BRSV and BPI3V detection in
Mexican sheep. BRSV or BPI3V infection can be diag-
nosed in sheep in a precise and timely manner by using RT-
PCR in nasal swab samples collected during the acute
phase of a presumed outburst. RT-PCR is potentially useful
based on nucleoprotein or the matrix protein, described as
the most conserved genes in Pneumovirus [44], besides the
use of different bioinformatics tools that help us to confirm
the presence of this agents.

The high antibody titers detected in this study reveal that
both adult sheep and lambs were exposed to RSV and PI3V
by natural infection and this was confirmed by RT-PCR
and sequencing. This study revealed seroprevalence dif-
ference among production centers, and that these preva-
lence values are associated to sheep provenance from either
production center. This could be due to several factors,
such as the climate and handling conditions in each animal
production system. Lambs are in contact and infected with
RSV and PI3V at an early age and are able to mount a
humoral immune response. Statistical analysis of data
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suggests that extensive-type production system is a risk
factor for RSV and PI3V infection.

Herein, the first report on RSV and PI3V seroprevalence

in Mexican adult sheep and lambs is presented. This is also
the first report on BRSV and PI3V detection in Mexican
sheep.
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