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Antigenic and Genetic Characterization of Twenty-six Strains
of Human Respiratory Syncytial Virus (Subgroup A) Isolated
During Three Consecutive Outbreaks in Havana City, Cuba
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Twenty-six human respiratory syncytial virus strains (subgroup A) isolated from three outbreaks in
Havana City during the period 1994/95, 1995/96 and 1996/97 were analyzed to determine their anti-
genic and genetic relationships. Analyses were performed by monoclonal antibodies and restriction
mapping (N gene) following amplification of the select region of the virus genome by polymerase chain
reaction. All isolated strains were classified as subgroup A by monoclonal antibodies and they showed
a restriction pattern NP4 that belonged to subgroup A. Thus the results obtained in this work, showed a
close relation (100%) between antigenic and genetic characterization of the isolated strains in our
laboratory. These methods permit the examination of large numbers of isolates by molecular techniques,
simplifying the researchs into the molecular epidemiology of the virus.
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Human respiratory syncytial virus (HRSV) is epitopes shared by subgroups A and B. The level
the major cause of lower respiratory tract infecef antigenic and genetic divergence among the G
tions in infants and young children (Mcintosh &glycoproteins of HRSV isolates is the highest re-
Chanock 1990). This virus is a member of th@orted for an RNA virus gene product (Garcia et
Pneumovirugienus of the family Paramixoviridae. al. 1994).

It has two surface glycoproteins (G and F), which  On the other hand the isolates of subgroup A
are the main targets of neutralizing and protectivand B of HRSV can be further subdivided into dis-
antibodies (Taylor et al. 1984, Walsh et al. 1984jinct groupings or lineages on the basis of the fol-

Variability of HRSV isolates was first demon- lowing criteria: (a) through monoclonal antibod-
strated with hyperimmune serum (Coates et ales, (b) restriction mapping of part of the nucleo-
1966). Different panels of monoclonal antibodiecapsid (N Gene), (¢) nucleotide sequencing of part
were later used to subdivide HRSV isolates intof the small hidrophobic (SH) gene and (d) nucle-
two antigenic groups, A and B (Anderson et alotide sequencing of the attachment (G) protein gene
1985, Mufson et al. 1985), that correlate with gefCane & Pringle 1991, 1992, Cane et al. 1992,
netically distinct viruses (Cristina et al. 1990).Garcia et al. 1994, Cane & Pringle 1995b). These
These monoclonals have identified three types ohethods allow the speedy analysis of large num-
epitopes in the G molecule (Garcia-Barreno et abers of samples without the necessity of nucleotide
1989, Garcia et al. 1994): (i) variables epitopesequencing (Cane & Pringle 1992).

(i) subgroup specific epitopes, and (iii) conserved These lineages appear to be distributed world-
wide but as yet their significance in terms of de-
gree of virulence and immunity at the individual
and community level has not been determined
(Cane & Pringle 1992).

In this work we combined the use of a panel of

onoclonal antibodies and restriction mapping of
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MATERIALS AND METHODS

Viruses, cells, patients and clinical samples
Twenty six nasopharyngeal exudates were obtain
from children admitted to the respiratory ward td" o © 0 0
some of the main pediatric hospitals of Havana Cit)! EM containing 10% fetal calf serum, 1%
(William Soler, Juan Manuel Marquez and Centr@!utamine, 100 U/ml penicillin and 100g/ml
Habana). All samples were suspended in a fingfr€Ptomycin sulfate was infected with each of the
volume of 2 ml of minimun essential mediumwruses_used in this study._When an extensive CPE
(MEM) containing antibiotics, (100 U/ mi penicil- WaS evident by the formation of syncytia, the cells
lin and 100ug/ml streptomycin sulfate). For PCR Were scraped off W't.h a rubber policeman, pe”‘?ted
analysis, 50Qul were used in a 1.5 ml tube, and®Y low-speed centrifugation (3,000 x g, 5 min),

the samples stored at ountil being tested. Cell &nd washed with phosphate-buffered saline (PBS).

culture and indirect immunofluorescence were con.n€ Cell pellets were then resuspended in [B00

ducted according to previously reported proceduréy €xtraction buffer (10 mM Tris-HCI pH 7.6, 5
(Parrott et al. 1979, Valdivia et al. 1997). mM EDTA, 140 mM NaCl, 1% Triton X-100, and

The samples used in this study were from th % sodium deoxycholate). The extracts were clari-
15 municipalities forming Havana City. ied by centrlfugathn at 10,000 x g for 5 min and

All RS virus-positive cultures (confirmed by then were diluted with PBS to 1@ of protein per
immunofluorescence) were kept at®ntil fur- ~ MI» and Sul were spotted onto strips of Immobilon

ther use. Viruses from original isolates (Table) werB2Per (Millipore). After air drying, the paper was

subcultured two times in HEp-2 cells, until a cySatured with 5% skimmed milk in PBS and was

topathic effect (CPE) was observed within 48 hfevealed with the Mabs indicated in Fig. 1, by us-

after inoculation. At this time, the cells were re/Nd biotinylated antimouse immunoglobulin,

suspended in the virus-containing supernatant afd €Ptavidin-peroxidase, and 4-chloro-1-naphthol
were kept as a working seed at%Z0 according to the recommendations of the manu-

facturer (Amersham Corp). The monoclonal anti-

Dot-Elisa - Characterization of antibody reac-
tivity in Dot-Elisa was done as described by Garcia
& al. (1994). Briefly, one plastic flasks (Costar)
ith a surface area of 75 éntontaining 20 ml of

TABLE

Cuban isolates of human respiratory syncytial virus used in the present study
Virus Date of isolation Age of patient Disease
Cub/54/94 18/10/94 6 years URI (ashtma)
Cub/60/94 20/10/94 2 months URI
Cub/67/94 25/10/94 3 months Laringitis
Cub/69/94 25/10/94 1 month URI
Cub/81/94 01/11/94 3 months URI
Cub/82/94 01/11/94 4 months Bronchiolitis
Cub/83/94 01/11/94 6 months Bronchiolitis
Cub/97/94 08/11/94 6 months Bronchiolitis
Cub/105/94 15/11/94 2 months Bronchiolitis
Cub/106/94 15/11/94 5 months Bronchiolitis
Cub/111/94 15/11/94 5 months Bronchiolitis
Cub/115/94 17/11/94 not known URI
Cub/128/94 01/12/94 10 months Bronchiolitis
Cub/134/94 06/12/94 3 months URI
Cub/140/94 13/12/94 22 days URI
Cub/141/94 13/12/94 4 months Bronchiolitis
Cub/151/94 20/12/94 5 months Bronchiolitis
Cub/5/95 17/01/95 5 months URI
Cub/8/95 17/01/95 9 months Bronchiolitis
Cub/10/95 19/01/95 5 months Bronchiolitis
Cub/11/95 19/01/95 6 months Bronchiolitis
Cub/104/96 02/04/96 5 years URI
Cub/195/96 08/10/96 2 years Bronchiolitis
Cub/201/96 11/10/96 10 months Bronchiolitis
Cub/202/96 11/10/96 10 months Bronchiolitis
Cub/220/96 29/10/96 3 months Bronchiolitis

URI : upper respiratory infection.
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bodies were used at a dilution of 1:100. Thes@oehringer Mannhein GmbH, Germany). Incuba-
monoclonals were 021/1G and 021/21G (condon was at 42C for 30 min. Finally, the reaction
served), 021/19G and 021/2G (subgroup specificinixture was placed at 96 for 5 min and kept on
and 63G, 25G, 68G, 58G, 59G, 61G, 62G, 64@&e until the PCR was carried out. PCR mix was
and 74G (“Long” strains specific)(Garcia-Barrenanade up to a volume of 1Q0, which made a re-
et al. 1989, Garcia et al. 1994) and they were praction mix containing 100 mM Tris-HCI pH 8.3,
vided by Prof. JA Melero, Deparment of Molecu-500 mM KClI, 25 mM MgCJ, distilled water and
lar Biology, National Center of Microbiology, Vi- 2.5u Tag DNA polymerase (Boehringer Mannhein
rology and Sanitary Immunology, Madrid, SpainGmbH, Germany). The amplification was carrried
One reference strain of group A (Long) and one adut in 30 cycles in a Perkin-Elmer Cetus Thermal
group B (CH 18537) were included as negativeycler. Each cycle consisted of denaturation 2£93
and positive controls in this work. One HEp-2 exfor 1.5 min, annealing of the primer at®&5for
tract was also included as negative control. 1.5 min, and chain elongation at’@for 1.5 min.
Nucleic acid extraction from clinical specimensAfter the last cycle of amplification, 1@ of the
- All small-scale RNA extractions were carried outamplified products were analyzed by electrophore-
in 1.5-ml microfuge tubes without any attemp asis on 2% agarose gels with Tris-borate buffer.
separating RNA from DNA, using an adaptation Analysis of the amplified produet$he remain-
of the method of Kumar and Lindberg (1972)ing products were diluted with 1Q0 H,O, ex-
Nasopharyngeal exudates samples were centtiacted with 15Qul phenol-chloroform and etha-
fuged in a microfuge for 2 min. The cell pellet washol precipitated. Samples were then restricted with
resuspended in 0.5 ml of 3.5 M urea, 200 mM NaCRst|, Haelll, Hind Ill, and Bgl Il. All this was
10 mM Tris-HCI pH 7.8, 5 mM EDTA, 0.75 mM performed according to previous reports (Cane &
MgCl,, 0.5% SDS and 0.35% NP40. 0.5 ml ofPringle 1991, 1992). In these experiments the strain
phenol-chloroform (1:1)(equilibrated with 150 mM 021, isolated in Uruguay (Montevideo) with an
NacCl, 10 mM Tris-HCI pH 7.8, 1 mM EDTA) was NP5 know pattern was always included as control.
added, the mixture vortexed for about 5 sec anthis strain was provided by Prof. JA Melero.
then centrifuged for 10 min. The aqueous layer was Primers- The primers originally designed to
extracted again with phenol-chloroform and themmplify between nucleotides 858 and 1135 of the
added to 1 ml of ethanol; the nucleic acids wertlRSV (N gene)(Collins et al. 1985) have been
precipitated at -28C for 20 hr, pelleted, washed previously described (Cane & Pringle 1991):

with 0.5 ml 70% ethanol, vacuum-dried ared N1 5GGAACAAGTTGTTGAGGTTTATGAATATGC 3

suspended directly into 30 ml reverse transcripta%'5'C‘ITCTGCTGTCAAGTCTAGTACACTGTAGT3'
mix (see below). '

RNA extraction from tissue culture¥irus iso- Controls- Distilled water, mixed buffer solu-
lates were cultured in HEp-2 cells in plastic flask&ions, full-time open vial with final buffer mixture,
(Costar) with a surface area of 25<eontaining and HEp-2 RNA were included as negative con-
5 ml of MEM with glutamine, penicillin, strepto- trols (Stoker 1990, Wright & Wynford-Thomas
mycin, and 5% foetal calf serum. When extensivé990, Kitchin & Bootman 1993). The cDNA reac-
CPE was present, the cells were detached into ttien and PCR were performed using the recom-
tissue culture medium by shaking with sterile glasgiended strict protocol, with all precautions to pre-
beads, and the suspension aliquotted and storedvant contamination (Kwok & Higuchi 1989).
-70°C. Approximately 0.5 ml of these infected cell RESULTS
suspensions were extracted as for the nasopharyn- _ . )
geal exudates. The resulting nucleic acids were_Fig. 1, shows the reactivity of Cuban isolates
resuspended in 28 H,0 and 3ul used for each Wl.th monoclonal antlbodl_es specific for the G pro-
cDNA synthesis. tein. One reference strain of subgroup A (Long)

cDNA synthesis and PGRThe preparation of and one of subgroup B (CH18537) were included
cDNA was carried out with approximate gg of I the same assay. All viruses reacted with anti-
total RNA (spectrophotometrically quantified) inbPodies that recognized conserved epitopes of the
a 20pl volume containing 100 ng of each primer.G Protein shared by all human isolates. The Cuban
First, the target RNA was mixed with both prim_lsolates reacted with two antibodies (021/2G ad
ers and placed at 85. After 15 min the solution 021/19G) that recognized different group specific
was placed on ice and completed with 100 m\§Pitopes common to all viruses of antigenic group
Tris-HCI pH 8.3, 500 mM KClI, 25 mM MgGl, A (rllote.that CH18537 did not react with the;e two
25 mM (each) dATP, dCTP, dGTP and dTTP, 20 (@ntibodies). But the most remarkable fact in the
Rnasin (Boehringer Mannhein GmbH, Germany}esults obtained through this technique is that all
and three units of AMV reverse transcriptasétrains analyzed reacted against the specific and
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A B Cc
021/1G 021/21G 021/19G 021/2G 63G 25G 68G 58G 59G 61G 62G 64G |74G
- - - - - - - - - - - - - Hep-2
+ + + + + + + + + + + + +| Long
+ + - - - - - - - - - - - CH18537
+ + + + - + + + + + + + + 54/94
+ + + + - + + + + + + + + 60/94
+ + + + - + + + + + + + + 67/94
+ + + + - + + + + + + + + 69/94
+ + + + - + + + + + + + + 81/94
+ + + + - + + + + + + + + 82/94
+ + + + - + + + + + + + + 83/94
+ + + + - + + + + + + + + 97/94
+ + + + - + + + + + + + + 105/94
+ + + + - + + + + + + + + 106/94
+ + + + - + + + + + + + + 111/94| | 1
+ + + + - + + + + + + + + 115/94
+ + + + - + + + + + + + + 128/94
+ + + + - + + + + + + + + 134/94
+ + + + - + + + + + + + + 140/94
+ + + + - + + + + + + + + 141/94
+ + + + - + + + + + + + + 151/94
+ + + + - + + + + + + + +| 5/95
+ + + + - + + + + + + + +| 8/95
+ + + + - + + + + + + + + 10/95
+ + + + - + + + + + + + + 11/95
+ + + + - + + + + + + + + 104/96| | 2
+ + + + - + + + + + + + + 195/96
+ + + + - + + + + + + + + 201/96
+ + + + - + + + + + + + + 202/96| | 3
+ + + + - + + + + + + + + 220/96

Fig. 1-1: strains from 94/95(21); 2: strain from 95/96(01); 3: strains from 96/97(04); A: conserved monoclonal antibodies;
B: group-specific monoclonal antibodies; C: antibodies specific for the Long strain; +: positive; -: negative.

variable monoclonals from strain Long, with thewas only made with enzym&gl Il and Hind IIl,
exception of monoclonal 63G, which was the onlgince they had already been classified as members
one that did not react against the strains isolated @f the subgroup A, by means of monoclonals cor-
our laboratory. With the results obtained with thigespondent.
monoclonal panel it would be inferred that the Fig. 3 shows the restriction analysis from the PCR
strains isolated in our laboratory are closely relategroducts obtained from each of the strains belong-
to Long strain. ing to the second and third outbreaks. All strains
Fig. 2 shows the restriction analysis of the PCRnalyzed by this method turned out to belong to a
products obtained from each of the strains belongpattern NP4, which, in previous studies has been re-
ing to the first outbreak. The restriction analysis oported as the pattern in strains Long,akd RS$
strains 105/94, 106/94 and 128/94 were carrig@Cane & Pringle 1991, 1992). Furthermore, all prod-
out in another gel (data not shown). The digestioncts from PCR and from each of the strains analyzed
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80/ 81/ 82/ 5/ 54/ 83/ 10/ 8/ 115/ MW11/111/134/151/ 07/ 69/ 97/ 140/141/
04 04 04 06 04 04 05 05 0#21 05 04 04 04 04 04 04 04 04

278 bp

Fig. 2: restriction analysis of the polymerase chain reaction products obtained from each of the strains belonging to the first
outbreak. A: digestion withlind I1I; B: digestion withBgl II; strain from Montevideo with known pattern NP5 (021); MW: PBR
322Haelll.

in this study were obtained directly from clinical
samples as well as from cell culture.

DISCUSSION

Sequence analysis of numerous HRSV isolate
mostly group A, have shown extensive variabilit
of the G glycoprotein (Cane & Pringle 1991,
Sullender et al. 1991, Garcia et al. 1994, Cane
Pringle 1995b ). Several features about HRSV evq
lution emerged from these studies: (a) viruses fro
antigenic group A belong to different lineages tha
correlate with previously identified genotypes
(Cane & Pringle 1992, Garcia et al. 1994). Mos
epidemics are produced by viruses classified in
more than one genotype. At a local level, replacq
ment of predominant genotypes was observed d MW
ing consecutive years (Cane & Prlngle ;9953 1 2 104195201202220 2 104 195201 202 22
(b) HRSV genotypes have a worldwide distribu - -
tion and viruses isolated in distant places and - &l iE . = = - -—“: -
slightly different years may be more closely re EEESEEEEE S T Aot
lated than viruses isolated in the same place on i -—
consecutive days (Melero et al. 1997); (c) antigen
changes, detected with a panel of anti-G mon
clonal antibodies, correlated with the position of
viruses in t,he phylogenetic tree (Garuq etal. 199|4—'g. 3: restriction analysis of the polymerase chain reaction prod-
Cane & Pringle 1995b). However, the viruses usegtts obtained from each of the strains belonging to the second
in those studies were isolated mainly in places @hd third outbreaks. Lane 1: reference strain Long without di-
temperate climate (Where annual outbreaks (gpst_ing; Lane‘2: reference strain Long digested; Lane 3 f[O 7.
HRSY occur it et morths)and i most caseSAT LS SIS L S Onee
in countries of high economic status (Melero et a

T : ! c : Slower left square: digestion witBgl 1. Lower right square:
1997). Very limited epidemiological data is avail-digestion withHind I11.

1 2 104 195201202220 2 104195 201202 22(
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able from tropical countries where HRSV infec- monoclonal antibodies] Infect Dis 151626-633.
tions may follow a different pattern (Heirholzer etCane PA, Pringle CR 1991. Respiratory syncytial virus
al. 1994). he;erog(?nei_té/ during an _epid((;ﬂic: ana;lysiz by lim-
With regard to the above considerations and !ted nucleotide sequencing gene) and restric-
the reports made in previous studies by other a%-arfg)g E%ﬁﬁ:g?e(ggiggg ﬁ;gﬁ[ﬁ;:i%gﬁﬂbgy of
thors, the mpst rem_arkal:?le facts of our resylts are. respiratory syncytial virus: Rapid identification of
(1) the strains ar)allzed. in three consecutive out- subgroup A lineages. Virol Methods 40297-306.
breaks are identical using both methods; (2) th€ane PA, Pringle CR 1995a. Molecular epidemiology
pattern obtained from the analyzed strains and by of human respiratory syncytial vir8eminars Virol
the two methods used, established a very closed 6: 371-378.
relation between these strains and the standa®@dne PA, Pringle CR 1995b. Evolution of subgroup A
Long strains, which is one of the oldest around the respiratory syncytial virus: evidence for progressive
world (ends of the 50s). accumulation c\)ff alminoacid changes in the attach-
In this work we combined the use of mono-_ Ment proteinJ Virol 69 2918-2925. .
clonal antibodies and restriction analysis of PCi¢@n€ PA, Matthews DA, Pringle CR 1992. Analysis of
products for the select region of N gene to make a relatedness of subgroup A respiratory syncytial vi-

R ruses isolated worldwid&jirus Research 25.522.
molecular characterization of three outbreaks Qfgates Hy, Alling DW, Chanock RM 1966. An anti-

HRSV in Havana City. ] N genic analysis of respiratory syncytial virus isolates
All the isolated strains were identified as RS by a plaque reduction netralization tesm J

subgroup A by means of monoclonal antibodies Epidemiol 89299-313.

and gave N gene fragment restriction pattern NP&ollins PL, Anderson K, Langer SJ, Wertz GW 1985.

In our opinion, many factors have contributed to  Correct sequence for the major nuclecapsid protein

the peculiar behavior of the molecular epidemiol- grgR;\;A of respiratory syncytial virusirology 146

ogy of this virus in Cuba. e ; ; ]
) ristina J, Loépez JA, Albo C, Garcia-Barreno B, Garcia
Atter the end of the 50's, the exchange of peoplg J MeleropJA Portela A 1990. Analysis of genetic

with others_ coun_trles was _extremely rEduced (_jue variability in human respiratory syncytial virus by the
to economic, s_omal and political reasons. This situ-  rpase A mismatch cleavage method: subtype diver-
ation has continued for 30 years, reducing the prob- gence and heterogeneitjrology 174 126-134.

ability of entrance of new strains. On the otheGarcia O, Martin M, Dopazo J, Arbiza J, Frabasile S,
hand, Cuba, as an island, does not share bordersRussiJ, Hortal M, Perez-Brena P, Martinez I, Garcia
with any other country, which limits the entrance Barreno B, Melero JA 1994. Evolutionary pattern
of people from other neighboring countries. Nev- of human respiratory syncytial virus (Subgroup A):
ertheless, in the 90’s, an outburst of the tourist in- Cocirculating lineages and correlation of genetic and
dustry took place in Cuba, but the most important antigenic changes in the G glycoproteln/rol 68

- s : 5448-5450.
fact is that this increase was observed in 9rOWR: - rcia-Barreno B, Palomo C, Penas C, Delgado T, Perez-

ups and not in young Ch!ldren who constitute the Brena P, Melero JA 1989. Marked differences in the
natural reservoir of the virus. . antigenic structure of human respiratory syncytial
All these geographical, social and economic yirys F and G glycoproteir. Virol 63 925-932.
factors could be the main cause of such peculigfeirholzer JC, Tannock GA, Heiholzer CM, Coombs
behavior for the molecular epidemiology of this RA, Kennett ML, Phillips PA, Gust ID 1994,
virus in our country. Subgrouping of respiratory syncytial virus strains
It will be interesting to examine strains from  from Australia and Papua New Guinea by biologi-
Havana C|ty and other Cuban regions in the same caland antlgenlc characteristtach Virol 136 133-
country in subsequent years to determine when and 147. :
where a new pattern appear or reappear. In tHgtchln PA, Bootman JS 1993. Quality control of the

. . . olymerase chain reactiokled Virol 3 107-114.
sense it would be interesting to extend such m‘?('urﬁa?/A, Lindberg N 1972. Characterization of

lecular approach to other tropical countries even  nessanger ribonucleoprotein and messanger RNA
in distant geographical areas. from KB cells.Proc Natl Acad Sci 69581-685.
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