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Mónica Peña C. a, Flavio Carrión A. c, Luı́s Fidel Avendaño C. a

a Programa de Virologı́a, ICBM, Facultad de Medicina, Universidad de Chile, Independencia 1027, Santiago de Chile, Chile
b Departamento de Pediatrı́a Norte, Facultad de Medicina, Universidad de Chile, Chile

c Laboratorio de Inmunologı́a, Facultad de Medicina, Universidad de Los Andes, Venezuela

Received 1 July 2006; received in revised form 9 April 2007; accepted 18 April 2007

bstract

ackground: Adenovirus serotypes 7, 2 and 1 are the second most common cause of viral acute lower respiratory tract infection (ALRI)
equiring hospitalization in Chile. Nosocomial outbreaks have high secondary attack and lethality rates, and call for rapid and specific diagnosis.
bjective: We compared the results obtained on ALRI specimens by immunofluorescence (IFA) and virus isolation, plus restriction enzyme
igestion (RFLP) typing, with universal, species-specific and 7h-specific PCR typing of adenovirus. A second objective was to determine the
ype of adenovirus implicated in nosocomial infection and nosocomial cross-infection rates.

ethods: Infants hospitalized for ALRI in the Roberto del Rı́o Children’s Hospital (Santiago, Chile) in 1995–1996 had nasopharyngeal
spirates obtained at admission and tested by IFA and virus isolation. Adenovirus isolates were identified by RFLP. When an index case was
dentified, samples were collected from contacts for 2 consecutive days and twice weekly thereafter for 2 weeks. Further typing of adenovirus
solates was undertaken with universal, species-specific and 7h-specific PCR performed in 2003 on the stored frozen samples.
esults: Fifteen index cases of adenovirus and their 65 contacts were identified. The nosocomial secondary attack rate using PCR was
stimated as 46%. PCR had a higher sensitivity (98.7%) compared to virus isolation (90%) and IFA (50%) and facilitated identification of
denovirus strains more easily and accurately than RFLP (91.6% versus 55.8%). Fifty-three percent of the contacts had severe outcomes. The

ase fatality rate was 16.6% and was associated with adenovirus 7h.
onclusions: Prompt, rapid and sensitive methods to identify adenovirus infection are necessary, especially for hospital-acquired adenovirus

nfections, because of their ease of spread and high fatality rate.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Acute lower respiratory tract infections (ALRI) are a
ajor worldwide health problem because of associated high
orbidity and mortality rates. In Chile respiratory viruses

re the leading cause of hospitalization in children less than

years of age (Avendaño, 1998; Avendaño et al., 1999;
aempfer and Medina, 2000; Lagos et al., 1999; Young,
996). Respiratory syncytial virus (RSV) and adenoviruses
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re detected at annual rates of 29% and 9.2%, respectively.
neumonia and wheezing bronchitis are the most frequent
linical diagnoses among infants hospitalized for adenovirus
nfection. The severity of their symptoms is shown by pro-
onged hospital stay, frequent admission to the intensive
are unit and high lethality rate. In Chile serotypes 7, 2
nd 1 are the most frequent adenovirus strains associated
ith infant ALRI. Genome typing using restriction enzymes
RFLP) for strain characterization documented a high preva-
ence of adenovirus 7h, a genomic variant which emerged
n the 1980s in the southern cone of South America and
as been detected in Japan (Avendaño et al., 1991, 2003;

mailto:clarrana@med.uchile.cl
dx.doi.org/10.1016/j.jcv.2007.04.016
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ashido et al., 1999; Kajón et al., 1994, 1996; Larrañaga
t al., 2000; Palomino et al., 2004; Román et al., 1997;
u et al., 1990). The laboratory techniques available –

lassic virus isolation in the 1950s, immunoassays (IFA)
nd polymerase chain reaction (PCR) in recent years –
ave facilitated the detection and characterization of res-
iratory adenoviruses (Adrian et al., 1986; Kidd et al.,
996; Larrañaga et al., 1990; Storch, 1999; Wadell et al.,
999).

Viral and host-related risk factors for severe adenovirus
isease have not been clearly established. The occurrence
f severe community epidemics and nosocomial outbreaks
uggests the emergence of virulent adenovirus strains. Cer-
ain serotypes, especially 3 and 7, have been associated
ith severe adenoviral pneumonias in infants worldwide.
denovirus genome typing has also shown a relation-

hip between viral strains and severe clinical outcome
Carballal et al., 2002; Diaz et al., 1999; Echavarria et
l., 1998; Ikeda et al., 2003; Kajón et al., 1993, 1994;
ajón and Wadell, 1994; Larrañaga et al., 2000; Mistchenko

t al., 1998; Mitchell et al., 2000; Muñoz et al., 1998;
alomino et al., 2004; Simila et al., 1981). Adenovirus
h nosocomial outbreaks with high secondary attack and
ethality rates emerged in Chile during the 1990s (Hatherill
t al., 2004; Palomino et al., 2000; Singh-Naz et al.,
993).

We studied adenovirus infection using IFA and virus iso-
ation in cell culture for diagnosis (Larrañaga et al., 1990;
torch, 1999; Wadell et al., 1999). The adenovirus isolates
ere further studied by RFLP (Adrian et al., 1986; Wadell et

l., 1999), which is a slow and cumbersome method. The PCR
ssay is better for adenovirus detection in clinical samples,
ince it is more rapid and sensitive than classic virus isola-
ion or immunodiagnostic tests. The use of primers directed
o the hexon gene allows the detection of all human aden-
viruses, from species A to F (Echavarria et al., 1998, 2000;
lnifro et al., 2000; Kidd et al., 1996; Osiowy, 1998). Primers
irected to the fiber genes permit identification of the aden-
virus species. Primers have also been developed to recognize
nly adenovirus 7h among the species B strains. Finally, PCR
as been used for classification of adenovirus according to
pecies and serotype (Bruzzone et al., 2000, 2001; Xu et al.,
000).

During 1995 and 1996 we studied adenovirus nosoco-
ial outbreaks using RFLP for adenovirus characterization

Palomino et al., 2000). We collected samples from 15 ade-
ovirus infection index cases and from 65 of their hospital
ard contacts. We found adenovirus infection in 36 ward

ontacts (55%). Four cases died (11.1%), three of them had
nderlying diseases. The aim of the current study was to
ompare the aforementioned results obtained by IFA, virus
solation and RFLP with results obtained using molecu-

ar assays, such as universal PCR for adenovirus detection,
nd species-specific and 7h-specific PCR assays for strain
haracterization of the original samples stored frozen for 8
ears.
l Virology 39 (2007) 175–181

. Patients and methods

.1. Patients, ward description and contact follow-up

We studied community-acquired respiratory viruses in
hildren <2 years of age admitted for ALRI to the Roberto
el Rio Children’s Hospital, in Santiago, Chile from 1988 to
ate, as described (Avendaño et al., 1991, 2003; Larrañaga
t al., 2000). Between May 1995 and October 1996, infants
ospitalized at two regular wards for community-acquired
LRI were evaluated for nosocomial adenovirus outbreaks
sing IFA, virus isolation and RFLP for adenovirus subgenus
and subgenus C (Adrian et al., 1986; Kajón et al., 1996;

alomino et al., 2000; Shinagawa et al., 1983).

.2. Adenovirus genome typing using PCR techniques

In 2003, 181 nasopharyngeal aspirates (NPA), stored at
20 ◦C from 1995 to 1996, were processed again by PCR

ssay:

(i) DNA extraction. The 20 �l of NPA stored at −20 ◦C
was added to a 1.5 ml tube containing 150 �l distilled
H2O, 60 �l of 5× TNE buffer (50 mM Tris–HCl, 5 mM
EDTA, 50 mM NaCl (pH 8.0), 30 �l of 10% sodium
dodecyl sulfate (SDS), and 10 �l of 10 mg of proteinase
K per ml, and the tube was heated at 56 ◦C for 60 min.
The DNA was extracted once with an equal volume of
phenol, once with phenol-chloroform-isoamyl alcohol
(25:24:1), and once with chloroform-isoamyl alcohol
(24:1) (Xu et al., 2000).

(ii) Oligonucleotide primers. The oligonucleotide primers
used for amplification of adenovirus strains were pub-
lished by Echavarria et al. (2000) for universal PCR, Xu
et al. (2000) for subgenera B and C, and Bruzzone et al.
(2001) for adenovirus 7h.

iii) Adenovirus DNA amplification and detection. Univer-
sal PCR was performed in 50 �l containing 40 �l
of reaction mixture (final concentration of 10 mM
Tris–HCl [pH 8.3], 50 mM KCl, 1.5 mM Mg2Cl2,
200 �l each deoxynucleoside triphosphate, 0.2 mM each
primer (Hex 1, Hex 2), 2.5 U of Taq DNA poly-
merase [Invitrogen®]) and 10 �l of DNA extract (Xu
et al., 2000). B and C specific PCR was performed
in 50 �l containing 45 �l of reaction mixture (75 mM
Tris–HCl (pH 9.0), 2.0 mM MgCl2, 50 mM KCl, 20 mM
(NH4)2SO4, 200 �M each deoxynucleoside triphos-
phate, 0.2 mM each primer (AdB1, AdB2, AdC1,
AdC2), 5 U of Taq DNA polymerase [Biotools®])
and 5 �l of DNA extract (Xu et al., 2000). The
7h-specific PCR was performed in 50 �l volumes con-
taining 45 �l of reaction mixture containing 0.2 mM

each primer (REC1, REC2), 5 U of Taq DNA poly-
merase [Biotools®] and 5 �l of DNA extract (Bruzzone
et al., 2001). The amplification reactions were carried
out in a GeneAmp PCR System 2400 thermal cycler
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(Applied Biosystems®) as described (Bruzzone et al.,
2000, 2001; Xu et al., 2000). The products were sepa-
rated by electrophoresis (0.5 h, 120 V) in a 2% (wt./vol.)
agarose gels, stained with ethidium bromide, and pho-
tographed with UV trans-illumination and a digital
camera Olympus C-3040. No other adenovirus species
were analyzed.

.3. Statistical analysis

Adenovirus infection was defined as a true positive if it
as positive in more than one assay—either in two differ-

nt samples or in two different tests (IFA, virus isolation or
niversal PCR) of the same specimen. A positive specimen
y any assay was considered as a true positive sample for
denovirus infection if it was also positive by any other test.
o distinguish true positive cases and samples in the final
ount from presumptively false positive results of the uni-
ersal PCR, data from species-specific and 7h-specific PCR
ere considered.
The differences in proportion between IFA, virus isola-

ion and universal PCR were assessed with the χ2 or Fisher’s
xact test, where p < 0.05 was considered significant. The
cNemar test for unknown gold standard was used; signifi-

ant differences were defined by observed values higher than
.841.

Since conventional cell culture is probably not sufficiently
ensitive to be used as a gold standard assay for comparison
n detecting adenovirus, we also considered an expanded gold
tandard method. The expanded gold standard defined a true
ositive specimen as one that was positive for adenovirus in
ore than one type of assay (IFA, virus isolation and universal
CR) (Pedneault et al., 1994; Rothbarth et al., 1991). The z-

est of differences in proportion was used to compare the
ensitivity, specificity and predictive value; z-values of less
han 5% were considered significant.

Finally, the z-test of differences in proportion was used
o compare virus isolation plus RFLP with species-specific
CR and 7h-specific PCR; z-values of less than 5% were
onsidered significant.

. Results

A follow-up of 15 adenovirus nosocomial outbreak cases
as performed from May 1995 through October 1996. A total
f 90 patients were enrolled, including 15 index cases and
5 contacts. Ten out of 75 contacts were excluded from the
nalysis because they were exposed less than 48 h. The mean
xposure times with an index case was 2.7 days (range 2–16
ays). Thirty-three of the 65 contacts (51%) were followed
or 2 weeks and 32 for at least 1 week.
Adenovirus was detected in 45 of 65 contacts (69%). The
esults of cases and samples are shown in Table 1. IFA was
ositive in 32 infants (40%), virus isolation in 52 (65%), and
niversal PCR in 60 cases (75%). Fifty-four cases (67.5%)

a
i
3
(
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ere positive by more than one assay. Six infants were posi-
ive only by universal PCR, but two of these were determined
y 7h-specific PCR and one infant had adenovirus species

(by species-specific PCR). According to our adenovirus
ase definition, the remaining three cases could be consid-
red false positives by universal PCR, or the strains belonged
o an adenovirus species that would not be detected by the
ther assays. No negative PCR case was positive by any other
ethod. Among the 15 index cases, IFA was positive in 14

ases (93%), virus isolation in 13 (86%) and PCR in all 15
atients (100%). Among the contact cases, IFA was positive
n 18 cases (27.7%), virus isolation in 39 (60%) and PCR in
5 patients (69.2%) (p < 0.01). The IFA assay was more sen-
itive for adenovirus detection in index cases than in contacts
p < 0.01). No differences between index and contact samples
ere observed for PCR and virus isolation.
Since each enrolled case had more than one NPA sam-

le available, a total of 181 specimens were tested. IFA was
ositive in 41 samples (22.7%), virus isolation in 77 (42.5%)
nd PCR in 104 (57.5%) (p < 0.01; Table 1). Eighty samples
44.2%) were positive by more than one assay; 31 samples
17.1%) were positive by only one method and 70 (38.7%)
ere negative by all techniques. PCR failed to detect aden-
virus infection in 7 samples (3.7%) that were positive by
ther tests and were obtained from cases that had other pos-
tive samples.

Twenty-five samples that were initially positive only by
niversal PCR included 13 that were not positive by any assay
n other specimens. Species-specific PCR and 7h-specific
CR gave the following results for these samples: (i) two
amples were confirmed as species C and one as species B
y species-specific PCR, (ii) five specimens were adenovirus
h by 7h-specific PCR and (iii) five samples were negative
or B and C species. According to our definition, the last
ve samples could be considered false positives by universal
CR, or they contained an adenovirus species not detectable
y the other assays. The remaining 12 samples came from
atients with other specimens positive by other tests. Overall,
0 specimens were positive for adenovirus 7h, 1 was species
and 1 was species C.
The sensitivity, specificity and both positive and negative

redictive values were calculated for universal PCR using
ll specimens. Universal PCR was positive in 99 samples
nd significantly more sensitive than IFA (95.1%) or virus
solation (92.2%), while specificity and positive predictive
alue were lower. Also the use of the expanded gold standard
onfirmed the higher sensitivity of universal PCR (98.7%)
Table 2), and the specificity and positive predictive value of
he universal PCR was substantially better than with other
ssays.

The universal PCR assay confirmed respiratory aden-
virus infection in the 15 index cases previously reported

nd in 45 out of 65 contacts (69.2%) (Table 3), includ-
ng 9 additional adenovirus-positive cases (45 cases versus
6 cases). All index cases were adenovirus 7h. Thirty-five
53.8%) contact cases were adenovirus species B; 30 of them
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Table 1
Comparison of adenovirus results by universal PCR, IFA and culture isolation in 15 index cases and 65 contacts from adenovirus hospital-acquired respiratory
infection follow-ups

Positive cases by Positive samples by

PCRa VIa IFAa No. % PCRa VIa IFAa No. %

+ + + 30 37.5 + + + 31 17.2
+ + − 22 27.5 + + − 40 22.2
+ − + 2 2.5 + − + 8 4.4
+ − − 6 7.5 + − − 25 13.8
− + + 0 0 − + + 1 0.5
− + − 0 0 − + − 5 2.7
− − + 0 0 − − + 1 0.5
− − − 20 25.0 − − − 70 38.7

Total (%)
60 (75.0) 52 (65.0) 32 (40.0) 80 100 104 (57.5) 77 (42.5) 41 (22.6) 181 100

Roberto del Rio Children’s Hospital, May 1995 to October 1996. PCR, polymerase chain reaction; IFA, immunofluorescence assay; VI, virus isolation (CPE
o e samp
s

w
i
r
c
w
g

t
i

T
C
i

A

P

P

P

V

I

P

n cell culture plus confirmatory IFA). From 65 contact cases more than on
tudied by the three procedures.
a Assays.

ere adenovirus 7h. Since all index cases were hospital-
zed because of adenovirus 7h ALRI, the secondary attack

ate evaluated by molecular assays was estimated as 46.1%,
onsidering that in five contacts in which the universal PCR
as positive, we could not identify the species or adenovirus
enome type with the PCR assays available. From 52 posi-

v
c
t
c

able 2
omparison of universal PCR, virus isolation and IFA assay of 181 samples of n

nfection follow-ups

ssay results Number of results Statistical value

p < value
0.01

Me Nemar > 3

CR Virus isolation 0.01 17.3
Positive Negative

Positive 71 33
Negative 6 71

CR IFA 0.01 57.3
Positive Negative

Positive 39 65
Negative 2 75

CR Expanded gold standard* 0.01 20.3
Positive Negative

Positive 79 25
Negative 1 76

irus isolation Expanded gold standard* 0.01 0.69
Positive Negative

Positive 72 5
Negative 8 96

FA Expanded gold standard* 0.01 39.02
Positive Negative

Positive 40 1
Negative 40 100

CR, polymerase chain reaction; IFA, immunofluorescence assay; VI, virus isolatio
* EGS, which was defined as a positive for more than one assay.
a p < 0.01 for sensitivities of PCR vs. virus isolation (z = 3.36) and PCR vs. IFA (
b p < 0.01 for specificities of virus isolation vs. PCR (z = 5.14) and IFA vs. PCR (
c p < 0.01 for the positive predictive values of virus isolation vs. PCR (z = 4.51) a
d p < 0.01 for the negative predictive values of PCR vs. virus isolation (z = 2.68) a
le was sequentially obtained. A total of 181 nasopharyngeal aspirates were

ive viral isolates evaluated by the RFLP assay we typed 29
solates, all of which were adenovirus 7h (55.8%). Using uni-

ersal PCR from frozen samples from 60 adenovirus-positive
ases (15 index cases and 45 contacts) we were able to iden-
ify the adenovirus genome type or its species in 55 (91.6%)
omparing with RFLP (55.8%) (p < 0.001).

asopharingeal aspirates from 15 adenovirus hospital-acquired respiratory

%

.84 Sensitivity Specificity Positive
predictive value

Negative
predictive value

92.2 68.3 68.3 92.2

95.1 53.6 37.5 97.4

98.7a 75.2b 75.9c 98.7d

90.0a 95.0b 93.5c 92.3d

50.0a 99.0b 97.5c 71.4d

n.

z = 10.5).
z = 6.60).
nd IFA vs. PCR (z = 5.90).
nd PCR vs. IFA (z = 7.14).
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Table 3
Adenovirus strain genome types using restriction enzyme assays and PCR, and secondary attack rate per index case

Index cases Index cases genome
type by RFLP

Index cases genome
type by PCR

No. of contacts No. of positive
contacts by IFA
and VI

No. of positive
contacts by PCR

Contact’s genome
type by RFLP

Contact’s genome type by
species-specific and specific
7h PCR

Secondary attack rate
for B-7h (%)

1 ND B-7h 6 4 5 7h (4) B-7h (5) 83.3
2 B-7h B-7h 4 4 4 7h (2) B-7h (2) 50.0

B-not 7h (2)
3 ND B-7h 4 3 3 ND B-7h (2) 50.0

Undefined (1)
4 ND B-7h 6 3 3 ND B-7h (2) 33.3

B-not 7h (1)
5 B-7h B-7h 3 3 ND B-7h (1) 33.3

B-not 7h (2)
6 B-7h B-7h 6 3 5 7h (2) B-7h (5) 83.3
7 B-7h B-7h 3 1 2 7h (1) B-7h (2) 66.6
8 B-7h B-7h 5 1 2 7h (1) B-7h (2) 40.0
9 ND B-7h 6 3 4 7h (3) B-7h (3) 50.0

C (1)
10 ND B-7h 3 2 2 7h (1) B-7h (1) 33.3

Undefined (1)
11 B-7h B-7h 4 2 3 7h (1) B-7h (1) 25.0

Undefined (2)
12 B-7h B-7h 2 0 1 ND Undefined (1) 0.0
13 B-7h B-7h 2 2 2 7h (1) B-7h (1) 50.0

C (1)
14 B-7h B-7h 5 1 2 ND C (2) 0.0
15 B-7h B-7h 6 4 4 7h (3) B-7h (3) 50.0

C (1)

Total B-7h (10) B-7h 65 36 45 7h (19) B-7h (30) 46.1
ND (5) (15) B-not 7h (5)

C (5)
Undefined (5)

Roberto del Rı́o Children’s Hospital. May 1995 to October 1996. PCR, polymerase chain reaction; IFA, immunofluorescence assay; VI, virus isolation; RFLP, restriction enzyme analysis; values within parenthesis
are no. of cases.
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The clinical outcome of the 45 adenovirus-positive con-
acts was: (i) 21 infants (46.6%) had mild symptoms or were
symptomatic (12 were adenovirus 7h, 3 were species B,
were species C, and 3 were not identified); (ii) 24 cases

53.3%) developed moderate or severe ALRI (13 were ade-
ovirus 7h, 2 were species B, 2 were species C, and 2 were
ot identified). The remaining five infants died; four during
ospitalization and one a few months after discharge due to
hronic lung damage. All fatal cases were associated with
denovirus 7h; three of them had underlying diseases. The
ase fatality rate for secondary adenovirus 7h infection was
6.6% (5/30).

. Discussion

Adenoviral infections produce a wide range of diseases
epending on the serotype. Our previous studies in Chile
emonstrated that serotypes 7, 2 and 1 are the most frequently
etected in infants hospitalized for ALRI. During the 1990s,
denovirus 7h was the most prevalent, accounting for ∼50%
f the cases. In South America adenovirus 7h has been more
requently associated with severe pneumonia, longer hospital
tay, and a higher mortality than other genome types (Kajón
t al., 1993, 1994, 1996; Kajón and Wadell, 1994; Larrañaga
t al., 2000; Palomino et al., 2000).

In developing countries young children are hospitalized
n multiple crib wards, because isolation is very difficult to
ccomplish. Furthermore, hospitalized children with under-
ying diseases, who have prolonged hospitalization, are at
igh risk of severe adenovirus infection and represent a
ource for nosocomial transmission. In this series, 53% of
he adenovirus-positive contacts had a severe outcome and
he lethality rate among adenovirus 7h positive contacts was
6.6%. Similar findings were reported for Cape Town, South
frica (Hatherill et al., 2004). In order to diminish the high

isk of adenovirus nosocomial infection, rapid and sensitive
ests to identify adenovirus carriers are necessary.

In the previous study, using IFA and virus isolation plus
FLP, we reported an adenovirus secondary attack rate of
6/65 (55%), without considering the viral genome type. At
hat time we could not calculate the secondary attack rate for
denovirus 7h, because only 52 isolates were available for
yping (Palomino et al., 2000).

The implementation of adenovirus PCR has reanalysis of
ur stored samples and better characterization of outbreaks.
niversal PCR assays demonstrated adenovirus infection in
5 out of 65 contact infants (69.2%), 13.8% more than we
reviously reported. Considering that 30 out of 65 contact
ases were identified as adenovirus 7h by molecular assays,
he adenovirus 7h secondary attack rate was 46.1%. Species-
pecific PCR and 7h-specific PCR were better for adenovirus

haracterization than virus isolation plus RFLP methods;
hey confirmed all 29 cases previously typed by RFLP and
6 additional frozen isolates, including index and contact
ases.

R

A

l Virology 39 (2007) 175–181

Universal PCR was more sensitive for identifying aden-
virus infection than IFA and virus isolation in 60 out of 80
ases and 104 out of 181 samples. Of these, these cases and
ve samples might have been false positives for the universal
CR. According to these results virus isolation provided the
est balance of sensitivity, specificity, positive and negative
redictive values. This imbalance is expected when using
method as sensitive as the universal PCR if all the pre-

autions that the technique requires have been taken. In this
tudy almost all the positive cases and samples were con-
rmed with specific PCR. Using the expanded gold standard,

he specificity, positive and negative predictive values of uni-
ersal PCR improve, because the number of false positives
amples diminished.

During the years 2000–2005, there was a clear decrease
n hospitalized community-acquired ALRI caused by ade-
ovirus; from 9% in the 1990s to less than 4% currently.
n this period, of 1928 infants hospitalized for ALRI we
etected 74 new cases of adenovirus infection with the same
urveillance system at the same hospital. Of these cases, 42
56.7%) patients were characterized by species-specific PCR
nd 7h-specific PCR. Twenty-nine (69%) belonged to species
and 13 (31%) to species C. Only two cases were adenovirus

h confirmed by 7h-specific PCR. None of these adenovirus
ases died (data not shown).

The knowledge acquired by the medical staff as the result
f the prior experience with nosocomial adenovirus infec-
ions (Palomino et al., 2000) led to the hospital assigning
dditional isolation rooms to diminish the risk of cross-
nfection by adenovirus. Furthermore infants with a clinical
iagnosis of ALRI are now tested for respiratory viruses by
apid immunodiagnosis in the emergency room. If an ade-
ovirus infection is diagnosed, the patient is admitted to an
ndividual room and maintained there throughout hospitaliza-
ion. At present community-acquired adenovirus infection is
etected at low frequencies, and therefore nosocomial mon-
toring has not been warranted. However, the precautions

entioned above are routine in the hospitals and should help
o control future outbreaks.

In conclusion, rapid and sensitive methods to identify ade-
ovirus infection are needed because of their rapid spread
nd high fatality rate in the hospital. In developing coun-
ries where patient isolation and viral diagnosis is difficult,
CR for adenovirus looks promising as a tool for respiratory
denovirus management.
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arrañaga C, Kajón A, Villagra E, Avendaño LF. Adenovirus surveillance
on children hospitalized for acute lower respiratory infections in Chile
(1988–1996). J Med Virol 2000;60:342–6.

istchenko AS, Robaldo JF, Rosman FC, Koch ER, Kajón AE. Fatal
adenovirus infection associated with new genome type. J Med Virol
1998;54:233–6.

itchell LS, Taylor B, Reimels W, Barrett F, Devincenzo JP. Adenovirus 7a:
a community-acquired outbreak in a children’s hospital. Pediatr Infect
Dis J 2000;19:996–1000.
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