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Genetic and Antigenic Analysis of Adenovirus Type 3 Strains
Showing Intermediate Behavior in Standard
Seroneutralization Test
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During an epidemiological survey of acute respiratory infection in Rio de Janeiro, among 208 aden-
ovirus isolates, we found two strains that we were not able, by a standard neutralization procedure, to
distinguish between type 3 or 7. However, DNA restriction pattern for the two strains with different
enzymes were analyzed and showed a typical Ad3h profile. Using a cross-neutralization test in which
both Ad3p and Ad7p antisera were used in different concentration against 109, b€#ach adenovi-
rus standard and both isolates, we were able to confirm that the two isolates belong to serotype 3. An
hemagglutination inhibition test also corroborated the identification of both strains as adenovirus type
3. Comparing Ad3h and Ad3p genome, we observed 16 different restriction enzyme sites, three of whict
were located in genomic regions encoding polypeptides involved in neutralization sites.
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Adenoviruses are important human patogensgnized (Kayon & Wadell 1992) as the same virus
being responsible by several different clinical anénd belonging to serotype 7, genetic type 7h.
epidemiological presentations depending on the Type-specific antigenic determinants are
serotype (Horwitz 1996). Human adenovirusegpresent in three different proteins from adenovirus
were classified in six different subgroups (A-F) andtapsid: hexon, fiber and penton-base (Horwitz
adenovirus belonging to the same subgroup fréd996). The protein found in adenovirus fiber me-
guently show cross reaction when typing virus byliates agglutination of red blood cells from mon-
standard seroneutralization. To overcome this prokeys and rats, depending on the adenovirus sub-
lem, some authors have proposed the use gfoup (Rosen 1960, Norby 1969, Philipson et al.
resctriction enzyme patterns associated t©975). This property can also be used to distin-
seroneutralization (Adrian et al. 1986). Althoughguish adenovirus subtypes through a hemaggluti-
occurring in all adenovirus subgroups, cross reaoation inhibition assay (Hierholzer 1995).
tivity has been mainly reported within the subgroup During an eleven years acute respiratory infec-
B regarding Ad3 and Ad7 new isolates (Matumotadion (ARI) survey done in Rio de Janeiro we found
et al. 1958, Fukumi et al. 1961, Rafajko 1967)two, among 208 adenovirus isolates, impossible
Recently, Kayon et al. (1990) reported strains isde distinguish between Ad3 and Ad7 in a standard
lated in Argentina that were neutralized by Ad3ieutralization test. The restriction enzyme patterns
antiserum, showing a restriction enzyme patterfiom these two isolates and Ad 3h, Ad3p and Ad7p
intermediate between Ad3 and Ad7 and they corwere prepared and data compared to the profiles
cluded that it was a new variant of Ad3, namelyexisting in the literature.

Ad3f. This same genotype was found to become

prevalent in Chile during 1986 (Kayon & Suarez MA_TERI.ALS AND METHODS

1990). Later, Niel et al. (1991) working with ad-  Adenovirus isolates Two isolates were ob-
enovirus type 3 and 7 isolated in Argentina, detalned. by standard procedures described before
scribed a new Ad7 variant, namely Ad7h. Botf{Nascimento et al. 1991) from nasopharyngeal se-

variants described by Kayon and Niel are now re@retions colected from under five year old Children,
presenting ARI classified as lower respiratory tract

infection (LRTI ), during the months of April and
August 1990.
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Ad7h were the original strains isolated in ArgenBanHI, Smad, Hindlll, andEcdRl, for Ad7p, Ad7a,
tina (Niel et al. 1991). Ad3 and Ad7 rabbitt antis-Ad7b and Ad7e an@anHl, Bglll and Xba for
era were obtained from VRD/CPHL and also fronAd3h. After digestion DNA fragments were ana-
MRC, Mill Hill, UK. lyzed in 1% or 2% agarose gels by horizontal elec-
Adenovirus neutralization tesflo type aden- trophoresis in TBE buffer. DNA fragments were
ovirus recently isolated strains antisera for Ad typethen vizualized under UV after staining with
1,2,3,4,5, 6, and 7 obtained from VRD/CPHLegethidium bromide (0.5 pg/ml). Photographs were
U.K. were used following standard protocolsobtained using Polaroid film 665 or 667.
(Hierholzer 1995). To discriminate among Ad3 and Restriction maps used for comparisoihe
Ad7 for the strains classified as intermediate a croshoice of restriction enzymes was based on site
neutralization test was designed in which differendistribution along adenovirus genome. Restriction
Ad3p and Ad7p antisera concentrations were testedaps of Ad3p and Ad3h DNA for the endonu-
against 100 TCIB, of both recent isolates and cleasesBanHl, Bcll, EcaRl, Hindlll, Kpnl, Sal
Ad3p and Ad7p standard strains, using antiser@nd Smad were obtained from Niel et al. (1991).
provided by MRC, Mill Hill, UK. Restriction maps for Ad7p and Ad7b wBlarHl,
Adenovirus hemagglutination and hemaggluBcll, Bglil, BsEll, EcaRl, Hindlll, Sma, Hpal and
tination inhibition tests The protocol described Xbd; for Ad7a withBanHl, Hindlll, andBglll and
by Hierholzer (1995) was used. To discriminatdor Ad7e withBstEll, Ecarl, Hindlll, Smd, Hpal
among Ad3 and Ad7 a cross hemagglutination irandXbd were obtained from Adrian et al. (1989),
hibition test was designed in which different Ad3p.i and Wadell (1986), Niel et al. (1991) and Wadell
and Ad7p antisera concentrations were testest al. (1981).
against four hemagglutinating units (HAU) of both RESULTS
recent isolates and Ad3p and Ad7p standard strains, . o
using antisera provided by MRC, Mill Hill, UK. Two adenovirus strains isolated from unrelated
These antisera were previously absorbed to rhesgtients during 1990 (104/90 and 396/90) could
monkey red blood cells. not be identified by the usual procedures employed
Viral DNA extraction and restriction enzymefor adenovirus serotyping and were considered as
digestion_ DNAs were prepared for each strainlntermedlates between Ad3 and Ad7. Viral DNA
using the technique described by Hirt (1967) anffom both strains when analyzed by restriction
modified by Wadell and de Jong (1980). DNAshuclease digestion witBarrHI, Xba and Bglll,
were digested with the following endonucleaseshowed a typical pattern of genomic type Ad3h

Bam HI Bgl 1l Xba
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Fig. 1: restriction enzyme patterns for standard Ad3h (1) and strains 104/90 (2) and 396/90 (3). DNA was prepared for each stra
and digested with endonucleagssHI, Bglll and Xbd, then electrophoresed in a 1% agarose gel in TBE buffer and ethidium
bromide stained. Ad3h and both recent isolates showed the same profile for the three restriction endonucleases.
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(Fig. 1). The confirmation that the strains belong- TABLE II

ing to type 3 were obtained in a neutralization tesHemagglutination inhibition titer of adenovirus types
comparing both Ad isolates to Ad3p and Ad7p stan- 3 and 7 antisera against 4 HUA of each virus strain
dard virus against antisera prepared to Ad3p and
Ad7p. As shown in Table I, standard strains were
neutralized by homologous antisera up to 1/1608ntisera Ad3p  Ad7p  104/90  396/90
dilution, no reaction was seen between heterolgw3p 5120 <20 10240 5120
gous standard strains and antisera. Recent isolatetp <20 2560 <20 <20
were neutralized by Ad3 antiserum until 1/1600
(104/90) and 1/400 (396/90), and strain 104/90

showed also a cross reactivity with Ad7p antisera DISCUSSION
until 1/400 dilution, although strain 396/90, react-

ing weakly with Ad3 antiserum, did not show this. |4 not be serologicaly typed by standard neu-
cross reactivity. Table Il shows hemagglutinationyyjization test, as they were equaly neutralized by
inhibition test for both adenovirus isolates. Thergtisera to Ad3 or Ad7. Strains showing these fea-

was no cross reactivity with Ad7p antiserum anqyres had been previously classified as intermedi-
they reacted equally with the Ad3p antiserum. Figytaq (Matumoto et al. 1958, Fukumi et al. 1961,

2 shows the comparison of Ad3h with Ad3p gerafiko 1967). Using viral DNA digestion with re-
nome and the different rectriction enzyme site§yiction enzymes and comparing with Ad3 and
fqund for the two variants. At least 16 sites werg, 47 maps described earlier, it was possible to clas-
different. The regions where these sites are locateg, these isolates as Ad3 variant Ad3h recently

and some of the genomic products for these r'¢fgscribed in one isolate from Argentina (Niel et

Adenovirus strains

We have isolated two adenovirus strains that

gions are also shown in Fig. 2. al. 1991).
Our two isolates were confirmed as Ad3 by
TABLE | seroneutralization using different antisera concen-

Neutralization titer of adenovirus types 3and 7 trations and virus strains, although strain 104/90
antisera tested against 100 Tg}Dof each virus strain  showed a higher reactivity than 396/90, and being
Adenovirus strains mofl?h_s'm"ahr tof_AdBp. ¢ Ad3h isol B
. is is the first report o isolates in Bra-
Antisera  Ad3p  Ad7p 104/90  396/90 i Ad3 genomic types previously described in

Ad3p >1600 <50 >1600 400  Brazil were Ad3pl (Li & Wadell 1988), Ad3el
Ad7p <50 >1600 400 <50  (Gomes et al. 1989) and Ad3e2 (Niel et al. 1991).
TCIDg,was calculated after incubation of infected HEp-1 N€S€ isolates were obtained from faecal speci-
2 cells during seven days at 33°C. mens.
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Mutated-site Genomic region
20 724bp TR
18.3 6625 bp E2B
189 6842 bp
19.0 6878 bp
208 7530 bp
32.7 11837 bp L1
46.7 16905 bp
55.8 20091 bp L3
59.9 21684 bp L4

68.0 24942 bp
68.9 24616 bp
76.6 27729 bp

79.9 28924 bp E3
906 6929 bp L5
922 33376 bp E4

99.0 35838 bp

Fig. 2: location of differences in restriction enzyme sites for genomic type Ad3h in relationship to Ad3p.The existing homology
between type 3 and type 7 (Garon et al. 1973) was considered for detailed 30% of genome in which we found mutations in genomic
type Ad3h. Information about 0 to 30% of Ad7 genome, between 67 to 69% of Ad5 map, and 70 to 100% of Ad2 map were
obtained from van Ormondt and Galibert (1984). For the remaining 30 to 60% were used Ad2 map (Broker 1984). L (late), E
(early) and ITR (inverted terminal repeat); bp is base pair, 1% of genome is 362 bp.
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It should be noticed that the Ad3/Ad7 interme- The restriction enzymes that we used in this
diate described in Japan (Matumoto et al. 1958fudy are the same used by Adrian and Wigand
although it could not be identified as Ad3 or Ad7(1986) to study the intermediate Ad3/Ad7, with
by seroneutralization (Matumoto et al. 1958exception oBcll andEcaRlI that were not used by
Fukumi et al. 1961, Rafajko 1967) it was latethem. Just these enzymes showed one mutated site
shown to be Ad3 by hemagglutination inhibitionin fiber region EcdRl) and one site mutated in
(Adrian & Wingand 1986). Our two Ad3h isolateshexon units that surround the pent&tl(). Al-
were easily identified as Ad3 by the hemagglutithough penton-base has few epitopes and than mi-
nation inhibition test. No difference was found innor importance in neutralization, the hexon in op-
antisera reactivity for both strains and Ad3p proposite has several important epitopes. Ad3h pre-
totype. sents three mutations in genome and these could

Due to the high frequency of occurrence operhaps enhance the effect on neutralization by
Ad3/Ad7 intermediate strains Tibbetts (1977) didAd7p antiserum.
an evaluation of the physical organization of Ad3  Any further explanation only would be possible
and Ad7 genomes using restriction endonucleasbg sequencing these regions of Ad3h and compar-
patterns, mapping by RNA-DNA hybridization anding with the sequencing of Ad3p and Ad7p. Our
mapping of R-loops by electron microscopy. Afindings are in agreement with other authors that
degree of homology around 88 to 92% was estsuggested the use of restriction enzyme patterns
mated for the two serotypes using ten different®ogether with seroneutralization and hemaggluti-
restriction enzymes. Restriction enzyme sites difaation inhibition tests for correct typing of aden-
ferent between Ad3 and Ad7 genomes were founalirus.
in the region encoding the fibgr protein. _Thqse ACKNOWLEDGMENTS
authors postulate that genomic recombination
could occur in nature giving rise to a hybrid virus ~ To Dr Jean-Claude D’Halluin for kindly discussing
that would be equally neutralized by antisera tgnd revising the manuscript. All standard adenovirus
Ad3 and Ad7. This hypothesis had been first pu‘imtlsera and most of the adenovirus strains were a gift
forward by Norby (1968) to explain one interme- fom Drs HG Pereira and MS Pereifa femoriaj.
diate strain among Ad9/Ad15. REFERENCES
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