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Abstract
Background: Equine herpesvirus 2 is a gamma-herpesvirus that infects horses worldwide.
Although EHV-2 has been implicated in immunosuppression in foals, upper respiratory tract
disease, conjunctivitis, general malaise and poor performance, its precise role as a pathogen
remains uncertain. The purpose of the present study was to analyse the incidence of EHV-2 in an
Argentinean horse population and correlate it with age and clinical status of the animals.

Results: A serological study on 153 thoroughbred racing horses confirmed the presence of EHV-
2 in the Argentinean equine population. A virus neutralization test showed a total of 79.7 % animals
were sero-positive for EHV-2. An increase in antibodies titre with age as well as infection at earlier
ages were observed.

EHV-2 was isolated from 2 out of 22 nasal swabs from horses showing respiratory symptoms. The
virus grew slowly and showed characteristic cytopathic effect after several blind passages on RK13
cells. The identity of the isolates was confirmed by nested PCR and restriction enzyme assay (REA).

Conclusion: This is the first report on the presence of EHV-2 in Argentina and adds new data to
the virus distribution map. Though EHV-2 was isolated from foals showing respiratory symptoms,
further studies are needed to unequivocally associate this virus with clinical symptoms.

Background
Equine herpesvirus 2 (EHV-2) is a slowly growing, cell-
associated gamma-herpesvirus. This virus is widespread
throughout the equine population and has been isolated
from horses of different countries like United Kingdom
[1], Japan [2], Australia [3], New Zealand [4], Switzerland
[5], Germany [6,7], United States [8,9], Canada [10],
Hungary [11] and more recently, from Poland [12].
Although its role as a pathogen is controversial, some
authors have reported its association with upper respira-
tory tract disease, inappetance, lymphadenopathy, immu-

nosuppression, keratoconjunctivitis, general malaise and
poor performance [8,13-15,7,16].

Equine Influenza Virus and Equine Herpesvirus 4 (EHV-
4) are the most common viral agents related to respiratory
disease in Argentina (Dr. Barrandeguy, personal commu-
nication). These and other respiratory viruses as Adenovi-
rus, Equine herpesvirus 1 (EHV-1), Arteritis Virus and
Rhinovirus, are usually checked in the diagnostic routine
of our laboratory but no records about EHV-2 isolation or
frequency of sero-positive samples were available.
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The purpose of the present study was to analyse the pres-
ence of EHV-2 in an Argentinean horse population and to
correlate its incidence with age and presence of respiratory
symptoms.

Results and discussion
Sero-prevalence of EHV-2 was calculated on one hundred
and fifty-three (153) thoroughbred racing horses by a
neutralization test (NT). Cross reactivity with EHV-5 was
not checked in this study. The percentage of sero-preva-
lence to EHV-2 was 79.7% (122/153). Sera samples were
grouped according to the clinical status into animals with
symptoms (fever, cough, nasal discharge) or clinically
healthy. Again, each of these groups was divided accord-
ing to the animal age in older or younger than 1 year old.
The arithmetical mean of the antibody titres was calcu-
lated for each of these four groups. Mean antibody titres
between older and younger than 1 year old animals both,
with and without clinical symptoms were statistically
compared. Mean values for the older horses (1.28 > 1.02)
were significantly (p < 0.05) higher than for the younger
ones. These results agree with the observations of other
authors [17] about the increase in antibodies titre with
age. Within the older than 1-year group, the mean titre in
the group with clinical symptoms was higher (1.34>1.22)
though not significant. However, mean titre values were
significantly (p < 0.05) higher (1.19>0.85) in the group
with clinical symptoms within the younger than 1 year
group (Table 1). This difference might be related to the
early exposure to this agent.

Our results suggest the virus is circulating with a high
prevalence on the analysed equine population, in accord-
ance with other sero-prevalence data [17,18], and confirm
previous reports [19] about the acquisition of EHV-2 at
earlier ages.

Taking into account the relatively high percentage of sero-
prevalence and the association of EHV-2 with respiratory
disease [16], the isolation of this viral agent from horses
showing different respiratory symptomathology was car-
ries out. Twenty-two (22) nasal swabs from horses, aged

between 6 months and 2 years old, displaying respiratory
symptoms were checked for the respiratory viruses com-
monly analysed in the laboratory routine, and none of
them resulted positive for these viruses. Only two (2)
nasal swab samples, named E1 and E2, showed CPE after
the third blind passage. Some authors reported the pres-
ence of vacuoles in RK-13 cells infected with EHV-2 iso-
lates [20] while others described various CPE forms
depending on the virus isolate and cell type [21]. In our
isolate, CPE was characterized by rounded cells, syncytia
and vacuolized cell aggregates with suited partial cell
membrane fusion. The late development of CPE referred
to a slow growing viral agent.

In order to identify these two isolates, two simple tech-
niques like EM and IIFA were first used. The particle mor-
phology observed by EM showed a size corresponding to
a typical herpesvirus (data not shown). The IIFA showed
fluorescence signals on cells infected with EHV-2 refer-
ence strain LK, E1 and E2. Mock-infected cells were nega-
tive (data not shown). As the polyclonal antiserum used
for the staining could have cross reaction with EHV-5,
another member of the gamma-herpesvirinae subfamily
that shows growth characteristics similar to EHV-2 [22], a
virus specific nested PCR and a restriction enzyme analy-
sis (REA) were performed.

Nested PCR was carried out on E1 and E2 samples as
described in Methods. After the second round, both isola-
tions showed a band of around 600 bp (Figure 1), as the
one displayed by the positive control.

EHV-5 identity of the isolations was unequivocally
excluded by REA. As shown in Figure 2, the patterns after
digestion with Hind III and Eco RI of the isolates and a
control EHV-5 were completely different.

As it was specified by others authors [23,24], EHV-2 was
described as a virus with a high genomic variation. In our
experiments, the restriction patterns of the isolates were
different to those of T400 and LK4. Moreover, E1 and E2
resulted identical to each other and very similar to strain

Table 1: Distribution of serum samples according to age and clinical status

With symptoms Antibodies Clinically healthy Antibodies

Animals Sero-negative Sero-positive (Mean titre)a Sero-negative Sero-positive (Mean titre)a

Older than 1 year old 5 32 1.34 3 40 1.22
Younger than 1 year old 3 26 1.19 18 26 0.85*
Total (n) 66 87

n: number of samples
a: arithmetical media of Ab titre (Reed and Muench)
*: Significantly different (p < 0.05)
Page 2 of 5
(page number not for citation purposes)



BMC Veterinary Research 2005, 1:9 http://www.biomedcentral.com/1746-6148/1/9
H40. Both, E1 and E2 belonged to the same stud farm and
were probably epidemiologically related.

Conclusion
Although EHV-2 has been reported in equine populations
worldwide, no reports about its prevalence in Argentina
were available. In this study, serological data and virus
isolation provided a clear evidence for the presence of this
agent on the studied horse population. In horses younger
than 1 year old but not in the older ones, serological data
correlated with the presence of clinical symptoms.
Though viral agents associated with respiratory disease
were discarded, no bacterial analysis was done in the stud-
ied samples. Further studies are necessary to correlate
EHV-2 with the respiratory disease. The EHV-2 identity of
the isolated viruses was finally confirmed by the use of a
nested PCR and a restriction enzyme assay. This is the first
report of EHV-2 isolation in Argentina and adds new data
to the EHV-2 distribution map.

Methods
Cells
RK-13 (ATTCC CCL 37) cell monolayers were grown with
Eagle 's- minimum essential medium (MEM-E) supple-
mented with 100 UI/ml penicillin, 60 µg/ml streptomy-
cin, 50 µg/ml gentamycin and 10% FCS. Subsequently,
the cells were maintained with MEM-E supplemented
with same concentrations of antibiotics and 2% FCS.

Virus
EHV-2 strains LK (ATTCC VR 701), H40 (NVSL Ames
Iowa), LK4 and T400 as well as, EHV-5 strain P48, were
kindly supplied by Dr. Borchers (Institut für Virologie,
Freie Universität, Berlin-Germany).

Samples
Sera
Serum samples were obtained from one hundred and fifty
three (153) thoroughbred racing horses, aged between 6
months and 2 years old.

Nasal swabs
Nasal swabs from twenty-two horses showing respiratory
symptoms like nasal discharge, cough and fever, were
used in our research. Samples were collected with a cotton
swab and transferred to a tube containing 3 ml of E-MEM
supplemented with 2% FCS and antibiotics. Clarification
was performed by centrifugation at 3000 rpm (Hermle Z
513 K) for 15 min. Each sample was aliquoted and stored
at -70°C until use.

Nested PCR on nasal swab samples from foals with respira-tory symptomsFigure 1
Nested PCR on nasal swab samples from foals with 
respiratory symptoms. Nested PCR amplification prod-
ucts from two equines (E1 and E2) showing respiratory 
symptoms were analysed by gel electrophoresis. DNA was 
extracted from original nasal swabs; DNA from the suspen-
sion was used as template in the first round. Genomic DNA 
from EHV-2 strain LK was used as a PCR positive control 
(PCR+) and H20 as negative control (PCR -). DNA marker 
φX-174 Hae and λ-RF/Hind III is seen in lane M.

Restriction enzyme assay profile of EHV-2 isolates and refer-ence strainsFigure 2
Restriction enzyme assay profile of EHV-2 isolates 
and reference strains. EHV-2 isolates (E1 and E2), EHV-2 
strains H40, T400, and LK4, and EHV-5 strain P48, were 
amplified in RK-13 cell monolayer. Viral DNA was purified by 
Genomic-tip 20/G column, digested with Hind III and Eco RI 
and analysed by gel electrophoresis. DNA marker φX-174 
Hae III and λ-RF/Hind III is seen in lane M.
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Neutralization test
This assay was performed on 96 wells RK-13 cell monol-
ayer, where serial four-fold dilutions of complement-inac-
tivated serum were incubated with 100 ID50 of LK strain
for 4 hs at 37°C as described elsewhere [25]. After 7 incu-
bation days, antibody titres were calculated by Reed and
Muench formula [26]. Sera that protected 100% of the cell
monolayer at the lower dilution assayed were considered
positive. An EHV-2 positive horse reference serum used as
positive control, was kindly supplied by Dr. Borchers.

Indirect immunofluorescence assay
Trypsinised virus infected cells were seeded on IFA micro
slides and fixed with ice-cold acetone for 30 min. A poly-
clonal EHV-2 specific rabbit serum (341 EDV 8301, NVSL
Ames Iowa) was added and incubated in a moist chamber
al 37°C for 1 h. Fluorescein conjugated rabbit antiserum
(KPL Kikergaard and Perry laboratories) was used to
reveal the reaction. EHV-2 LK strain infected RK-13 and
non-infected cells were used as positive and negative assay
controls, respectively.

Electron microscopy
Cell cultures showing 70% CPE were trypsinised and son-
icated for 30 seconds in a Sonicator XL (Hert System) and
spinned at 3000 × g during 10 minutes to eliminate cell
debris. The supernatant was centrifuged at 14000 × g for 1
h 30 minutes and the resulting pellet was resuspended
with a saline buffer solution and stained with 2% phos-
photungstate acid.

Virus isolation
All nasal swab samples were previously checked for the
presence of equine viruses associated with respiratory dis-
ease. Equine adenovirus, rhinovirus, arteritis virus, equine
herpesvirus 1 and 4, were checked by isolation in cell tis-
sue culture while equine influenza virus was assayed using
embryonated eggs. Once it was confirmed that all the
samples were negative for the mentioned viruses, the pres-
ence of EHV-2 was analysed. Briefly, 0.5 ml of each sam-
ple was inoculated onto confluent RK-13 monolayers in
25 cm2 flask (NUNC™, Denmark). After an adsorption
period at 37°C for 1 h, the inoculum was removed and
cells were maintained at 37°C at an atmosphere of 5%
CO2 for 7 days with periodic microscopical examination.
After this time period, a blind passage was made if CPE
was absent. Cell monolayers were thawed and freezed
three times and an aliquot of the suspension was passed
on to fresh cell culture. The samples were considered neg-
ative after the forth-blind passage.

Nested PCR
The nested PCR used in this study amplifies a 620 bp
sequence located upstream of the ORF coding for vIL-10
[27].

Original nasal swab samples were centrifuged for 10 min
at 15,000 × g as described elsewhere [27]. Briefly, resulting
pellets were diluted in 50 µl digestion buffer (50 mM Tris
pH 8.5; 1 mM EDTA; 0.5% Tween 20) plus 1.5 µl Protei-
nase K (10 mg/ml, Sigma) and incubated at 56°C for 3 h,
boiled for 10 min at 95°C to inactivate the proteinase K
and the supernatant used for nPCR. PCR conditions were
optimised using purified viral DNA from the EHV-2 LK
strain obtained as described below. The PCR mix (50 µl)
contained 0.2 mM dNTPs, 0.4 µM of each primer [27], 1.5
U Taq polymerase (QIAGEN), 1 × reaction buffer (QIA-
GEN) and 10 µl of DNA suspension obtained from the
original nasal swab sample. The optimal annealing tem-
perature for each of the two primer pairs was 60°C.
Cycling was carried out using a Biometra trio-thermblock
(Biometra®) with 35 amplification cycles consisting of
denaturation at 94°C for 30 sec, annealing at 60°C for 30
sec and extension at 72°C for 1 min. For the second round
of this nested PCR, 3 µl from the first PCR reaction were
amplified with the inner pair of primers using the same
cycle as before. Purified viral DNA from the EHV-2 LK
strain was used as a PCR positive control.

Restriction enzyme assay
Viral DNA was obtained from RK-13 cells infected with
EHV-2 isolates and also with EHV-2 reference strains H40,
LK4, T400 and EHV-5 (P48). Viruses were pelleted from
cell culture supernatant by centrifugation through a 30%
sucrose cushion at 24,000 × g for 1 h 30 min. Pellets were
resuspended with DNA buffer (10 mM MgCl2, 2 mM
CaCl2, 200 mM Tris pH 7.4) and treated with RNAse (10
mg/ml) and DNAse I (2 mg/360 µl) at 37°C for 1 h. Sub-
sequently, the pellets were treated with EDTA (0.2 M), 1%
sodium dodecyl sulphate and proteinase K (10 mg/ml)
(Boehringer, Manheim). Finally, DNA was purified by
Genomic-tip 20/G column (QIAGEN, Hilden, Germany)
according to the manufacturer's instructions. Aliquots of
200 ng of the obtained purified viral DNA were digested
overnight at 37°C with Eco RI and Hind III. The fragments
were separated by electrophoresis through 1% agarose gel
and stained with ethidium bromide.

Statistical analysis
Two (2) ways ANOVA [28] followed by post hoc compar-
isons (Tukey HSD for unequal N, Spiotvoll/Stoline test)
[29] were used.

List of abbreviations
EHV-2, equine herpesvirus 2; EHV-5, equine herpesvirus
5; E-MEM, Eagle's minimum escential medium; EM, elec-
tron microscopy; IIFA indirect immunofluorescence
assay; Ab, antibody; PCR, polymerase chain reaction; REA,
restriction enzyme assay; NT, neutralization test; CPE,
cytopathic effect; vIL-10, viral interleukin 10; ORF, open
reading frame.
Page 4 of 5
(page number not for citation purposes)



BMC Veterinary Research 2005, 1:9 http://www.biomedcentral.com/1746-6148/1/9
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

Authors' contributions
M.I. Craig carried out the experimental work and drafting
of the manuscript. M.E. Barrandeguy carried out the data
collection procedure and conceived the study. F.M. Fern-
ández coordinated the project. All authors read and
approved the final manuscript.

Acknowledgements
This work was supported by the Technology Link Agreement INTA-Haras 
and a CONICET fellowship.

The authors thank Dr. Kerstin Borchers for useful comments and critical 
review of this manuscript. Technical assistance of O. Zabal, D. Compaired 
and T. Leiskau is gratefully acknowledged. We thank Dr. A. Bolondi for his 
assistance in electron microscopy.

References
1. Plummer G, Waterson AP: Equine herpesvirus.  Virol 1963,

19:412-416.
2. Kono Y, Kobayashi K: Cytopathogenic equine orphan (CEO)

virus in horse kidney cell culture I. Isolation and properties.
Natl Inst An Health Q Japan 1964, 4:10-20.

3. Studdert MJ, Turner AJ, Peterson JE: Equine herpesvirus 1. Isola-
tion and characterization of equine rhinopneumonitis virus
and other equine herpesvirus from horses.  Aust Vet J 1970,
46:83-89.

4. Horner GW, Hunter R, O'Flaherty JD, Dickinson LG: Isolation of
equine herpesvirus from horses with respiratory disease.  N
Z Vet J 1976, 24:171-176.

5. Karpas A: Characterization of a new herpes-like virus isolated
from foal kidney.  Ann Inst Pasteur, Paris 1966, 110:688-696.

6. Petzoldt K: Die Virusausscheidg beim Stutenabort (Rhinop-
neumonitis).  Arch Exp Vetarmed 1967, 21:115-119.

7. Thein P: The association of EHV-2 infection with keratitis and
research on the occurrence of equine coital exanthema
(EHV-3) of horses in Germany.  In Equine infectious disease IV
Edited by: Bryans JT, Gerber H. Princeton New Jersey: Veterinary
Publications; 1978:33-41. 

8. Kemeny LJ, Pearson JE: Isolation of herpesvirus from equine leu-
cocytes: comparison with equine rhinopneumonitis virus.
Can J Comp Med 1970, 34:59-65.

9. Roberts AW, Whitenack DL, Carter GR: Recovery of adenovi-
ruses and slow herpesviruses from horses having respiratory
tract infection.  Am J Ve t Res 1974, 35:1169-1172.

10. Sherman J, Thorsen J, Barnum JA, Mitchell WR, Ingram DG: Infec-
tious causes of equine respiratory disease on Ontario Stand-
ardbred racetracks.  J Clin Microbiol 1977, 5:285-289.

11. Pàlfi V, Belák S, Molnár T: Isolation of equine herpesvirus type 2
from foals showing respiratory symptoms.  Zentralbl Veteri-
narmed B 1978, 25:165-167.

12. Rusczcyk A, Cywinska A, Banbura MW: Equine herpes virus 2
infection in horse populations in Poland.  Acta Virol 2004,
48(3):189-192.

13. Plummer G, Goodheart CR, Studdert MJ: Equine herpesviruses:
antigenic relationships and deoxyribonucleic acid densities.
Infect Immu 1973, 8:621-627.

14. Studdert MJ: Comparative aspects of equine herpesviruses.
Cornell Vet 1974, 64:94-122.

15. Blakeslee JR, Olsen RG, Mc Allister ES, Fassbender J, Dennis R: Evi-
dence of respiratory tract infection induced by equine her-
pesvirus type 2 in the horse.  Can J Microbiol 1975, 21:1940-1946.

16. Belák S, Pàlfi V, Tuboly S, Bartha L: Passive immunization of foals
to prevent respiratory disease caused by equine herpesvirus
type 2.  Zentralbl Veterinarmed B 1980, 27:826-830.

17. Bagust TJ, Pascoe RR, Harden TJ: Studies on equine herpesvi-
ruses 3. The incidence in Queensland of three different
equine herpesvirus infections.  Aust Vet J 1972, 48:47-53.

18. Mc Guire TC, Crawford TB, Henson JB: Prevalence of antibodies
to herpesvirus types 1 and 2, arteritis and infectious anemia
viral antigens in equine serum.  Am J Vet Res 1974, 35:181-185.

19. Harden TJ, Bagust TJ, Pascoe RR, Spradbow PB: Studies on equine
herpesvirus 5. Isolation and characterization of slowly cyto-
pathic equine herpesviruses in Queensland.  Austr Vet J 1974,
50:483-488.

20. Roeder PL, Scott GR: The prevalence of equid herpes virus 2
infections.  The Vet Rec 1975, 96:404-405.

21. Browning GF, Studdert MJ: Equine herpesvirus 2 (Equine
Cytomegalovirus).  Vet Bull 1998, 58:775-790.

22. Agius CT, Studdert MJ: Equine herpesviruses 2 and 5: compari-
sons with other members of subfamily gamma-herpesviri-
nae.  Adv Virus Res 1994, 44:357-379.

23. Browning GF, Studdert MJ: Physical mapping of a genome of
equine herpesvirus type 2 (equine cytomegalovirus).  Arch
Virol 1989, 104:77-86.

24. Collinson PN, O'Reilly JL, Ficorilli N, Studdert MJ: Isolations of
equine herpesvirus type 2 (equine gammaherpesvirus 2)
from foals with keratoconjunctivitis.  J Am Vet Med Assoc 1994,
205:329-331.

25. Nordenghran A, Kingeborn B, Lindholm A, Merza M: The use of
neutralizing monoclonal antibody to detect infections of
equine herpesvirus type 2 (EHV-2).  J Vet Diagn Invest 2001,
13:389-393.

26. Reed L, Muench H: A simple method of estimating fifty per
cent end points.  Am J Hyg 1938, 27:493.

27. Borchers K, Wolfinger U, Goltz M, Broll H, Ludwig H: Distribution
and relevance of equine herpesvirus type 2 (EHV-2) infec-
tions.  Arch Virol 1997, 142:917-928.

28. Sokal RR, Rohlf FJ: Biometry.  2nd edition. Freeman, New York;
1981:1-859. 

29. Winer BJ: Statistical Principles in Experimental Design.  2nd
edition. Mac Graw Hill, New York; 1971:907. 
Page 5 of 5
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4317854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4317854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4317854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1070615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1070615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4246005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4246005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=192757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=192757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=192757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=207057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=207057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15595214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15595214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4359988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=175904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=175904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=175904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6164185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6164185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6164185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4335284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4335284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4335284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4360338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4360338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4360338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7817877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7817877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7817877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2923549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2923549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7928614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7928614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7928614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11580059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11580059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11580059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9191857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9191857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9191857
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Results
	Conclusion

	Background
	Results and discussion
	Conclusion
	Methods
	Cells
	Virus
	Samples
	Sera
	Nasal swabs

	Neutralization test
	Indirect immunofluorescence assay
	Electron microscopy
	Virus isolation
	Nested PCR
	Restriction enzyme assay
	Statistical analysis

	List of abbreviations
	Authors' contributions
	Acknowledgements
	References

