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We retrospectively reviewed eight prospective epidemiological studies conducted between 1991
and 1995 for dual respiratory virus infection (DRVI) to determine the frequency, associated comorbid
conditions, clinical presentations, and morbidity related to DRVI among immunocompetent persons.
Two viruses were identified as the cause of 67 (5.0%) of 1,341 acute respiratory virus infections.
DRVI was detected in patients from <1 year to 79 years of age, in both sexes, and in many races.
Forty-two percent of patients with DRVI were <4 years old. Fifty-eight percent of patients with
DRVI had underlying chronic lung disease. DRVI was associated with upper respiratory tract
illness; lower respiratory tract illness, including pneumonia; systemic influenza-like illnesses; and
exacerbations of asthma or chronic obstructive pulmonary disease. All of the common acute respira-
tory viruses were identified; picornaviruses and influenzavirus A were the most common. The rate
of DRVI (11.6%) was highest in the epidemiological studies in which cell culture, serology, and
polymerase chain reaction were used together. Patients with DRVI were hospitalized significantly
more often than those with respiratory infection due to a single virus (46.3% vs. 21.7%; P < .01).
The percentage of DRVIs increased proportionally with the number of diagnostic methods used.

Respiratory illness associated with multiple viral pathogens
has been reported infrequently. The majority of the studies have
been published in the pediatric literature, with most infections
reported to be due to respiratory syncytial virus (RSV) and a
second respiratory virus [1—8]. The frequency of dual respira-
tory virus infection (DRVI) varies widely in the literature, and
the clinical relevance of DRVI is unresolved. Some authors
have found that the morbidity associated with DRVI is higher
than that associated with single respiratory virus infection
(SRVI) [3], while other authors have not found that DRVIs
are more severe than SRVIs [2, 5, 8—12]. We performed a
retrospective review of prospective epidemiological studies of
respiratory virus infection carried out by the Acute Viral Respi-
ratory Disease Unit at Baylor College of Medicine between
1991 and 1995. We examined the incidence, demographics,
and clinical presentations of DRVI. A review of the literature
on DRVI was performed, and our results were compared with
those previously reported.
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Materials and Methods

Study design. We retrospectively reviewed the charts in-
cluded in epidemiological studies of community-acquired res-
piratory virus infections conducted at our institution between
1991 and 1995. A DRVI was defined as an acute respiratory
virus infection and any combination of culture(s), serological
test(s), or PCR(s) positive for two different viruses. An SRVI
was defined as an acute respiratory virus infection caused by
a single virus detected by either culture, positive serology, or
PCR. The charts of all patients with DRVTI in these epidemio-
logical studies were reviewed by one of us (A.L.D.), and data
on demographics, comorbid conditions, date of onset of the
acute respiratory illness, results of viral diagnostic tests, and
clinical presentation were recorded. A computerized database
was used to obtain the results of viral diagnostic tests performed
for the other patients in these studies. Information on demo-
graphics and hospitalization status of those with SRVI was also
abstracted.

Patient populations. A total of 4,336 patients were enrolled
in eight different prospective epidemiological studies of acute
respiratory viral disease conducted between 1991 and 1995.
All studies were reviewed and approved by the Institutional
Review Board of Baylor College of Medicine (Houston). The
studies differed in their objectives, patient populations, time
periods of study, and viral diagnostic tests used (table 1). Two
studies were performed in outpatient clinics, and two included
only hospitalized patients. Three of the studies focused on
patients with underlying lung disease: in one study, patients
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Table 1.
of Medicine, Houston, Texas.
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Data from epidemiological studies of acute respiratory viral disease reviewed for dual respiratory virus infections at Baylor College

Study no. Population No. of patients enrolled Viral diagnostic tests performed
1 Outpatients (children and adults) with acute respiratory 1,560 Cell tissue cultures
illnesses who were seen in community health clinics
2 Outpatients (children and adults) with acute respiratory 1,226 Cell tissue cultures
illnesses who were treated at an HMO
3 Children and adults hospitalized with acute respiratory 902 Cell tissue cultures, serology
illnesses or CHF
4 Children and adults from an HMO hospitalized with 171 Cell tissue cultures, serology
acute respiratory illnesses or CHF
5 Patients with COPD and control patients = 50 years 124 Cell tissue cultures, serology
old followed longitudinally for the development of
acute respiratory illnesses
6 Pairs of mothers and children (0—3 years old) 195 Cell tissue cultures, serology
followed longitudinally for the development of acute
respiratory illnesses
7 Young adults with asthma followed longitudinally for 36 Cell tissue cultures, serology, PCR
the development of acute respiratory illnesses
8 Adults with acute asthma exacerbations presenting to 122 Cell tissue cultures, serology, PCR

county hospital emergency center

NOTE. CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease; HMO = health maintenance organization.

with chronic obstructive pulmonary disease (COPD) and con-
trol patients >50 years old were observed longitudinally for
the development of acute respiratory illness; in another study,
young adults with asthma were observed longitudinally for the
development of acute respiratory disease; and in the third study,
adults with exacerbations of acute asthma who presented to a
county hospital emergency center (EC) were evaluated. In an-
other smaller study, pairs of mothers and infants from birth to
3 years of age were observed for the development of acute
respiratory disease. Cell culture alone was used for diagnosis
in the two outpatient clinic studies. In all of the other studies,
cell culture and serology were used, and in the two studies of
asthmatics, PCR was used as well.

Viral diagnostic methods. Cell cultures for influenzavirus
types A and B, RSV, parainfluenzavirus types 1, 2, and 3,
adenoviruses, and picornaviruses were performed by using the
following cell lines: human embryonic lung fibroblast, human
epidermoid laryngeal carcinoma, African green monkey kid-
ney, and Madin-Darby canine kidney or primary rhesus mon-
key kidney. Standard detection and identification methods of
viruses were used [13]. Cultures positive for herpes simplex
virus (HSV) or cytomegalovirus (CMV) were excluded from
the analysis.

Serology was performed by microneutralization tests for de-
tection of influenzavirus types A and B; RSV; and parainfluen-
zavirus types 1, 2, and 3 [14, 15]. An ELISA to detect antibody
to coronavirus OC43 was performed as described previously
[16]. Serology for influenzaviruses A and B was also performed
by hemagglutination inhibition by using previously described
techniques [17]. For an acute respiratory illness to be consid-

ered an acute respiratory virus infection on the basis of serology
of acute and convalescent sera, a significant increase in titers
of antibody had to be detected within 6 weeks of the onset of
the illness.

A significant rise in antibody titer was defined for influen-
zaviruses A and B as follows: at least a sixfold increase by
microneutralization assay or at least an eightfold increase by
hemagglutination inhibition assay or at least a fourfold increase
in antibody to the same antigen in two different assays. We
excluded titer increases due to influenza vaccination by assum-
ing that all simultaneous increases in antibody to influenzavi-
ruses A H1 and H3 antigens and influenzavirus B antigen were
due to vaccination. Furthermore, the charts of all patients with
potential influenzavirus infection, as determined by serology
alone, were reviewed for influenza vaccination status. This
information had been collected prospectively in all of the epide-
miological studies reviewed. If there was documentation of
influenza vaccination within 6 weeks of the acute respiratory
illness, these patients were not considered to have influenzavi-
rus infection; however, they could be included as a case of
SRVI or DRVI if they had infection(s) with any of the other
respiratory viruses.

For parainfluenzaviruses and RSV, a significant rise in anti-
body titer was defined as at least a sixfold rise by microneutrali-
zation assay. Given the cross-reactivity of antibody to parain-
fluenzavirus types 1, 2, and 3, a positive serology for more
than one type of parainfluenzavirus was not included as a
DRVI; instead, it was considered a single parainfluenzavirus
infection, and the type assigned was the prevalent type circulat-
ing in the community at that time.
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Table 2. Demographics of patients with dual respiratory virus infec-
tions and single respiratory virus infections and other patients enrolled
in epidemiological studies at Baylor College of Medicine, Houston,
between 1991 and 1995.

DRVI SRVI All enrolled
Variable (n = 67) (n = 1,274) (n = 4,336)
Age (y)
Range <1-79 <1-84.6 <1-99
Mean = SD 25.0 = 26.6 23.5 =235 274 + 23.6
Median 18.8 13.1 24
Sex
Male 26 (39) 582 (46) 1845 (43)
Female 41 (61) 693 (54) 2491 (57)
Race
White 18 (27) 516 (40) 1464 (34)
Black 26 (39) 280 (22) 1309 (30)
Hispanic 22 (33) 449 (35) 1482 (34)
Asian 1(1) 20 (2) 59 (1)
Other or unknown 0 10 (1) 22 (1)

NOTE. Data are number (%) unless otherwise indicated. DRVI = dual
respiratory virus infection; SRVI = single respiratory virus infection.

For coronavirus OC43, a significant rise in antibody titer
was defined as either a single fourfold or greater rise or a =2.5-
fold rise that was reproducible upon repeated testing.

Reverse transcriptase-PCR was performed to detect coro-
naviruses and picornaviruses in two epidemiological studies
and to detect influenzavirus A in one of these studies. Viral
nucleic acids were extracted from respiratory secretions, and
previously described primers for amplification of coronavirus
0C43 [18], influenzavirus A [19], and picornavirus [20] were
used. Complementary DNA synthesis and PCR amplification
were performed by using a PTC-100 thermal cycler [20, 21].
Positive results were identified by slot blot or Southern blot
hybridization with use of digoxigenin-labeled oligonucleotides
[19, 22]. Pre- and post-PCR procedures were performed in
separate rooms on different floors, and other standard precau-
tions were used to prevent carryover contamination during the
performance of reverse transcriptase-PCR assays [23]. For each
study, only a single clinical specimen from the respiratory tract
was used for the identification of virus by cell culture or PCR.

Statistical analysis. The demographics and hospitalization
rates for patients with DRVI and SRVI were analyzed by use
of the x? test for discrete variables and the Mann-Whitney U
test for continuous variables (non-normally distributed).

Results

Demographics. A total of 1,341 acute respiratory virus in-
fections were identified in the eight studies, and 67 (5.0%)
were associated with multiple respiratory viruses (66 infections
were DRVIs, and one was a triple respiratory virus infection);
1,274 (95%) were SRVIs. The rate of DRVI varied from 1.8%—
15.8% in the individual epidemiological studies. Table 2 shows

Dual Respiratory Virus Infections 1423

the ages, sexes, and races of all the patients enrolled in the
studies. The patients with DRVI ranged in age from <1 year
to 79 years (median age, 18.8 years). Ten patients (15%) were
=065 years old, and 28 patients (42%) were <4 years old.
Although there was no statistically significant difference be-
tween the median age of those with DRVI and those with
SRVI, the percentage of patients with DRVI who were <1
year old was significantly greater than the percentage of pa-
tients with SRVI who were <1 year old (25% vs. 15%; P =
.025). There was no significant difference in the percentage of
those =65 years old with DRVI versus SRVI.

There were slightly more women than men with DRVI, but
this difference reflects the sexes of the patients enrolled in
these studies, and the difference was not significant. The racial
distribution of the patients with DRVI differed significantly
from that of patients with SRVI in that a greater percentage of
DRVIs than SRVIs occurred in blacks, and fewer DRVIs than
SRVIs occurred in whites (P = .004). Information regarding
comorbid conditions was available for 53 of the 67 patients
with DRVI. Thirty-one (58%) of these 53 had underlying
chronic lung disease (COPD or asthma). Five patients had
hypertension. Two patients had congestive heart failure, two
had diabetes mellitus, and two had peptic ulcer disease.

Clinical presentations. Information was available regard-
ing the clinical diagnosis of the acute respiratory illness for 60
of the 67 patients. Upper respiratory tract infection was the
most common diagnosis (55% of patients), but 40% of the
patients had lower respiratory tract infections. An exacerbation
of underlying lung disease (COPD or asthma) was associated
with DRVI in 42% of the patients. Eighteen percent of these
patients presented with a systemic or influenza-like illness, and
a small number (5%) had associated congestive heart failure.

Respiratory viruses causing DRVI.  There were 20 different
virus combinations isolated from patients with DRVI (table 3).
Picornaviruses (33 patients), most of which were rhinoviruses,
and influenzavirus A (28) were the most common viruses iden-
tified in DRVIs, and the combinations of a picornavirus with
influenzavirus A (10 patients) or a picornavirus with coronavi-
rus OC43 (10) were the most frequent combinations. The com-
binations of influenzavirus B with parainfluenzavirus, RSV
with adenovirus, and adenovirus with coronavirus OC43 did
not occur.

Although all of the respiratory viruses were involved in
both DRVIs and SRVIs, the frequencies of these viruses
among cases of DRVI vs. SRVI differed (table 4). Picornavirus
was the most common virus, followed by influenzavirus A in
both DRVIs and SRVIs. RSV was frequently involved in both
DRVIs and SRVIs. Coronavirus OC43 was the third most
common virus detected in patients with DRVI, but it was
uncommon in patients with SRVI. Conversely, influenzavirus
B was the third most common virus detected in patients with
SRVI, but it was the least frequently identified virus in patients
with DRVI.
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Table 3. Virus combinations detected in patients with dual respira-
tory virus infections.

No. of patients

Virus combination (% with DRVI)

Influenzavirus A, picornavirus 10 (14.9)
Picornavirus, coronavirus 10 (14.9)
Adenovirus, picornavirus 7 (10.4)
Influenzavirus A, RSV 6 (9.0)
RSV, parainfluenzavirus 4 (6.0)
RSV, picornavirus 4 (6.0)
RSV, coronavirus 4 (6.0)
Parainfluenzavirus, coronavirus 4 (6.0)
Influenzavirus A, adenovirus 3 (4.5)
Influenzavirus A, influenzavirus B 2 (3.0)
Influenzavirus A, parainfluenzavirus 2 (3.0)
Influenzavirus A, coronavirus 2 (3.0)
Influenzavirus B, RSV 2 (3.0)
Influenzavirus A (H1), influenzavirus A (H3) 1(1.5)
Influenzavirus B, adenovirus 1(1.5)
Influenzavirus B, picornavirus 1(1.5)
Influenzavirus B, coronavirus 1(1.5)
Parainfluenzavirus, adenovirus 1(1.5)
Parainfluenzavirus, picornavirus 1(1.5)
Influenzavirus A, RSV, coronavirus 1(1.5)
Total 67 (100)

NOTE. DRVI = dual respiratory virus infection; RSV = respiratory syncy-
tial virus.

Viral diagnostic methodology. Simultaneous cultures
yielded two different respiratory viruses in 41.8% of the cases
of DRVI. However, the results of serology and PCR added
greatly to the diagnosis of DRVI. Thirty-one (46%) of the 67
DRVIs required serology for detection, and 13 (19.4%) of the
DRVIs would not have been identified without the use of PCR.
The rate of detection of DRVI increased with the number of
viral diagnostic methods used (table 5). The studies in which
cell culture was the only diagnostic method used had the lowest

Table 4. Frequency of respiratory virus involvement in cases of
dual respiratory virus infection and in cases of single respiratory virus
infection.

No. (%) of No. (%) of
patients with DRVI patients with SRVI

Virus identified (n =67) (n = 1,274)
Picornaviruses 33 (49.3) 443 (34.7)
Influenzavirus A 28 (41.8) 276 (21.7)
Coronavirus 22 (32.8) 29 (2.3)
RSV 21 (31.3) 126 (9.9)
Adenovirus 12 (17.9) 113 (8.9)
Parainfluenzavirus 12 (17.9) 126 (9.9)
Influenzavirus B 7 (10.4) 161 (12.6)

NOTE. DRVI = dual respiratory virus infection; SRVI = single respira-
tory virus infection; RSV = respiratory syncytial virus.
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rate of DRVI (1.9%), and the studies in which cell culture and
serology were used had an intermediate rate of DRVI (8.1%).
The rate of detection of DRVI was highest (11.6%) when cell
culture, serology, and PCR were used. Since cell culture was
the only viral diagnostic method that was performed in all of
these epidemiologic studies, a separate analysis was performed
to determine the rate of SRVI vs. DRVI based only on the
results of cell culture. In this analysis, there were 1,200 infec-
tions, 28 (2.3%) of which were DRVIs.

The viral diagnostic method detecting the respiratory viruses
differed for DRVI and SRVI. Cultures were positive for 90%
of patients with SRVI vs. only 58.5% of patients with DRVI.
Some additional SRVIs were detected with use of serology and
PCR, but these diagnostic methods had a proportionally greater
impact on the detection of DRVIs. PCR was very important in
the diagnosis of coronavirus OC43 infection; >40% of all the
coronavirus OC43 infections were detected by PCR alone. PCR
was the only diagnostic method that detected 8.6% of the picor-
navirus infections. No additional influenzavirus A infections
were detected by PCR; in all the PCR-positive cases, either a
culture or serology was positive for influenzavirus A as well.

Morbidity. Thirty-one (46.3%) of the 67 patients with
DRVI were hospitalized, whereas 277 (21.7%) of the 1,274
patients with SRVI were hospitalized (P < .01). Although the
difference in hospitalization rates is significant, the different
viral diagnostic tests performed for individual patients make
interpretation of this finding difficult. To address this issue
further, a subgroup analysis was performed to determine the
rates of DRVI and SRVI based on the results of cell culture
alone, since this was the single viral diagnostic technique per-
formed for all patients. This analysis included 28 DRVIs and
1,172 SRVIs. Ten of 28 patients with DRVIs diagnosed by
culture alone vs. 221 of 1,172 patients with SRVIs diagnosed
by culture alone were hospitalized (36% vs. 19%; P = .025).

Overall, there was no significant difference in the age of
hospitalized patients with DRVI vs. SRVI or in the percentage
of those <1 year old or >65 years old. One asthmatic patient
had two DRVIs and two SRVIs, and she was not hospitalized
with any of these infections. Eight patients with DRVT also
had an SRVI at another time. Four of these patients were not

Table 5. Increased frequency of detection of dual respiratory virus
infection when additional diagnostic methods are used in addition to
cell culture.

Total no. of No. (%)

respiratory of DRVIs
Viral diagnostic methods used infections detected
Cell culture 737 14 (1.9)
Cell culture and serology 483 39 (8.1)
Cell culture, serology, and PCR 121 14 (11.6)

NOTE. DRVI = dual respiratory virus infection.
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hospitalized with either DRVI or SRVI, three were hospitalized
with DRVI but not SRVI, and one was hospitalized with both
DRVI and SRVI. Four patients each had one DRVI and two
SRVIs; three were not hospitalized with any of these infections,
and one was hospitalized with the DRVI but not with either
SRVI. One patient had one DRVI and three SRVIs and was
not hospitalized with any of these infections. No patient with
both DRVI and SRVI was hospitalized with SRVI and not
DRVL

Discussion

Over the past 45 years, more than 430 cases of DRVI in
immunocompetent hosts have been reported (table 6). The rate
of DRVI in these reports varies widely. Many published studies
of acute respiratory illness report no cases of DRVI [43-53].
In the published studies in which DRVIs have been reported,
the rate of DRVI ranged from 1.33% to 100% in a single case
report. In our study, the overall rate of DRVI was 5%, but the
rate of DRVI in the individual epidemiological studies that we
reviewed ranged from 1.8% to 15.8%. The wide range of DRVI
rates in our studies and in the literature is due to multiple factors
including differences in patient populations (e.g., differences in
age and comorbid conditions), time of study (e.g., winter vs.
summer or during epidemics of respiratory virus infections),
and diagnostic methods employed. Both the literature and our
analysis show that the number of DRVIs identified increases
with the number of viral diagnostic methods used.

Most reports of DRVI have involved children, but there have
been reports of DRVI in immunocompetent adults as well. Our
study shows that a greater percentage of patients with DRVI
than those with SRVI are <1 year old (25% vs. 15%). It is
unclear from the literature and our study why younger patients
are more often dually infected with respiratory viruses. The
immature immune system of infants and lack of previous expo-
sure to respiratory viruses could increase susceptibility to si-
multaneous infection with two or more respiratory viruses.
Another possible but unproven explanation for the increased
rate of DRVI among children is that there is something unique
about RSV that facilitates infection with a second respiratory
virus. It is also possible that prolonged shedding of respiratory
viruses occurs more commonly in children. We cannot exclude
the possibility that our apparent DRVIs were actually separate
but closely timed infections.

Fifty-eight percent of our patients with DRVT had underlying
lung disease (asthma or COPD). The importance of this obser-
vation is unclear because complete information regarding un-
derlying lung disease for all enrolled patients in our studies
was not available. This high rate may reflect the prevalence of
underlying lung disease in our study populations rather than
an increased susceptibility to DRVI in patients with underlying
lung disease, since three of our studies specifically included
patients with asthma or COPD. Most of the reports of DRVI
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in the literature do not contain comments on comorbid condi-
tions of the patients, but a few of the studies specifically in-
cluded patients with asthma or COPD [31, 34]. The rates of
DRVI in these reports were not higher than the overall rate of
DRVI in all of the studies reviewed.

DRVIs have been reported in both inpatients and outpatients
with diagnoses of upper respiratory tract illness, lower respira-
tory tract illness, systemic or flu-like illness, and exacerbation
of asthma. Our review also found DRVI to be associated with
these various clinical presentations; however, no predilection
for DRVI in a specific clinical syndrome was apparent.

All of the usual respiratory viruses have been reported in
cases of DRVI. In addition, many studies include HSV [3, 5,
8, 26, 28, 29, 31, 34, 41] and CMV [3-5, 8, 31, 41] in cases
of DRVI. Measles virus [24], reovirus [24], and mumps virus
[28] have also been reported in DRVI. Many of the studies in
the literature do not specify which of the identified respiratory
viruses were specifically involved in DRVI. In the studies that
do specify the viruses involved in DRVI, RSV is generally the
most common one, and influenzaviruses A, B, and C, parain-
fluenzaviruses, adenoviruses, and rhinoviruses also are fre-
quently involved. In our patients with DRVI, picornaviruses
and influenzavirus A were the most common viruses, followed
by coronavirus OC43.

Most of the published reports did not attempt to identify
coronavirus as an etiologic agent, but Lina et al. [42] reported
that 15 of 16 cases of DRVTI in their study included a coronavi-
rus. Coronavirus was detected in 32.8% of our patients with
DRVI, while this virus was detected in only 2.3% of the patients
with SRVI. The increased frequency of coronavirus in cases
of DRVI may be an artifact of our viral detection methods
rather than a true difference. Our detection methods included
PCR for coronavirus, and >40% of our coronavirus infections
were detected by PCR alone.

In most of the published studies of DRVI, more than one
viral diagnostic technique was used to identify respiratory vi-
ruses. The rate of DRVI in the literature is dependent upon the
number of viral diagnostic methodologies used. When only one
diagnostic method was used, the overall rate of DRVI was
1.8%, while when two virus detection methods were used, the
rate of DRVI was 9.9%, and when three methods were used,
the rate was 8.4%. Likewise, our study shows that the rate of
detection of DRVI increased with the number of viral diagnos-
tic methods used. It seems that DRVIs occur more frequently
than is currently appreciated, and as viral diagnostic ability
improves, the number of DRVIs detected will increase.

In the published reports in which serology was used, a four-
fold or greater increase in the antibody titer between acute and
convalescent sera was accepted as the definition of infection.
We used more stringent criteria for serological diagnosis, which
affected the number of DRVIs detected. If a fourfold rise in
antibody titer between acute and convalescent sera was consid-
ered diagnostic in our study as it is in the literature, then the
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Table 6. Summary of data from studies of dual respiratory virus infection.
Diagnostic method
No. (%) Age or type of Immuno- Increased
Reference Date of study No. of patients ~ with DRVI patient Viruses identified Culture  Serology fluorescence  severity
[9] 2/51 1 1(100) 20y 1A, IC Yes Yes No No
[24] 1/59—-6/60 989 34 (11.4)  Children, adults A, RSV, P, IA, IB, IC, Yes Yes No NA
measles, reovirus
[10] 12/1/62—-6/1/63 389 53(269) <13y A, P, R, I, RSV, Yes Yes No No
untyped
cytopathogenic
agents
[25] 11/63-4/64; 142 2 (2.5)*  Children, adults RSV, R, A Yes Yes No NA
11/64-2/65 (families)
[1] 2/66—-4/66 97 15 (28.3)  Children NA Yes Yes No No
[26] 10/63—4/65 113 10(13.2) 3w-6y HSV, RSV, A, R, P, IC Yes Yes No NA
[27] 4/66-3/67 2,055 5(1.3) Children NA Yes No No NA
[12] 1/1/67—-6/30/68 746 69 (23.7) <18 mo NA Yes Yes No No
[28] 1/15/66-3/15/66 22 6(353) <6y IA, P, HSV, RSV, Yes Yes No NA
mumps, A
[1] 11/1/65-4/30/67 377 9 (4.5) <ly RSV,LR,E, A Yes Yes' No NA
(winter)
[29] 7/1/67—-6/30/68 427 6 (6.3) Adults 1A, HSV, P Yes Yes No NA
[30] 1/68-3/69 477 10 (5.0) <lIly RSV, A,P,R, I Yes Yes No NA
[31] 1970 63 2(9.1) 15-77y CMV, HSV, IA, A No Yes No NA
[32] 10/68—1/73 24 1(7.7) 22 d—35 mo 1A, P Yes No Yes NA
[33] 11/15/77-3/15/78 71 1 (3.1 18-96 y RSV, IA Yes Yes No NA*
[34] 1968—1975 150 10 (3.7) Adults HSV,A,R,C, P Yes Yes No NA
(1,030 illnesses)
[35] 1978-1980 164 2(2.5) 1 mo-9y RSV, A No No Yes NA
(during
epidemics)
[36] 1/80—4/80 46 17 (37.0) NA IA, IB, ‘‘other Yes Yes No NA
respiratory viruses’’
[2] 1981-1982 20 2(143) 2w-5mo RSV, P Yes No Yes No
(winter)
[37] 11/1/78—-6/30/79 102 4(5.3) <Sy P, R, RSV Yes Yes Yes NA
[38] 12/84-3/85 103 4(7.1) <ly RSV, I, R Yes No Yes NA
[39] 12/82-3/84 98 2(5.3) 2mo-15y RSV, 1B, C Yes Yes Yes NA
[3] 1977-1986 1,706 28 (4.4) <3y RSV, A, IA, IB, CMV, Yes No Yes NA
(winters) P, HSV, E, R
[4] 12/85-5/87 189 5(2.6) Children RSV, A, CMV Yes No Yes Yes®
(winter/spring)
[5] 9/81-8/87 2,415 51(7.7) Children RSV, CMV, R, A, L P, Yes No Yes No
HSV, E
[6] 7/84-11/87 31 1(8.3) <5y RSV, A Yes No Yes NA
[40] 5/87—-4/88 204 454 <Sy RSV, A, P Yes No Yes NA
[7] 1/87-12/87 738 24 (6.8) <5y RSV, P Yes No Yes NA
[41] 1989 NA 9 (1.8) NA CMV, HSV, A Yes No No NA
[8] 5/80—10/84 1,246 29 (9.5) 0-3y RSV, C, CMV, IC, P, Yes Yes Yes No
E, IA, IB, A, HSV
[42] 10/1/94-5/2/95 962 16 (4.6) Children, adults C, RSV, A, IA, IB, R Yes No Yes NA

NOTE. A = adenovirus; C = coronavirus, CMV = cytomegalovirus; DRVI = dual respiratory virus infection; E = enterovirus; HSV = herpes simpex virus;
1 = influenzavirus; IA = influenzavirus A; IB = influenzavirus B; IC = influenzavirus C; NA = data not available; P = parainfluenzavirus; R = rhinovirus;
RSV = respiratory syncytial virus.

* Diagnosed by culture alone; serology may have revealed more infections but does not distinguish between simultaneous and sequential infections.

T Serology for RSV only.
* One patient with DRVI had pneumonia, as did six patients with single respiratory virus infections.
$ There was an increase in the number of cases of respiratory failure among patients dually infected with RSV and adenovirus.
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rate of DRVI would increase from 5.0% to 6.4%. Given the
performance characteristics of the serological tests, we chose
to use a higher threshold for serological diagnosis to exclude
more potential false-positive increases in antibody titers.

It is not clear from the literature whether infection with two
or more respiratory viruses causes more-severe clinical illness
than infection with a single respiratory virus. Tristram et al.
[4] reported an increased incidence of respiratory failure among
patients dually infected with RSV and adenovirus, suggesting
that DRVI may be more severe than SRVI. On the other hand,
several reports state that the severity of DRVI is not greater
than infection with either agent alone, as was stated in the first
reported case of DRVI [9]. Similarly, by using duration of
hospitalization as an indicator of severity, Portnoy et al. [10]
did not find any significant difference in terms of severity
between DRVI and SRVI.

Mufson et al. [12] found no association between DRVI and
a specific disease syndrome. In reporting a simultaneous epi-
demic of RSV and parainfluenzavirus type 3 in a neonatal
intensive care unit, Meissner et al. [2] stated, ‘“The infants
infected by two viruses simultaneously could not be distin-
guished clinically from infants infected by a single agent.”” In
a case-control study of children infected with RSV alone vs.
RSV and another respiratory virus, Subbarao et al. [5] found
no difference between the two groups with use of a scoring
system for severity of clinical illness. In a study comparing
infants who had lower respiratory tract infections caused by
RSV alone vs. RSV and a second viral agent, Ray et al. [§]
found that infants <6 months old were more likely to have a
second viral agent identified in addition to RSV than were
older infants (P = .08), but there were no differences in type
of lower respiratory tract illness (bronchitis, bronchiolitis,
croup, or pneumonia) or duration of illness between the two
groups.

When hospitalization is used as a marker for severity of
disease, our findings suggest that DRVIs are associated with
increased morbidity. We found a significantly increased rate
of hospitalization among patients with DRVI than among those
with SRVI (46.3% vs. 21.7%; P < .01). However, the number
of viral diagnostic methods used differed in the different epide-
miological studies, and the two outpatient clinic studies were
the only ones in which cell culture was used alone for virus
identification. Because the rate of DRVI increased as more
viral diagnostic methods were used, the rate of DRVI in the
outpatient studies may have been underestimated. Thus, the
marked difference in the hospitalization rates for patients with
DRVI vs. those with SRVI may be due to the decreased ability
to identify DRVI in outpatients rather than a reflection of the
increased morbidity associated with DRVI that resulted in hos-
pitalization.

To address this further, we performed a separate analysis
by using the results of cell culture alone and found that the
hospitalization rate again was significantly higher for patients

Dual Respiratory Virus Infections 1427

with DRVI than for those with SRVI (36% vs. 19%; P = .025).
The finding of a significantly higher hospitalization rate for
patients with DRVI than for those with SRVI when identical
viral diagnostic methods were used suggests that DRVIs are
associated with increased morbidity. In addition, a small num-
ber of SRVIs were detected in asymptomatic patients, but all
DRVIs were associated with illness. Whether DRVIs are asso-
ciated with increased morbidity can only be determined by a
prospective clinical study in which patients with DRVI, SRVI,
and respiratory illnesses without a known etiology are followed
longitudinally.

DRVIs occur in immunocompetent hosts of all ages, particu-
larly infants. DRVIs are associated with all syndromes of respi-
ratory illness and are found in both inpatients and outpatients.
All of the common acute respiratory viruses are involved in
DRVI. All viral diagnostic methods contribute to detection of
DRVI, and the rate of DRVI increases as the number of diag-
nostic methods used increases. Wider application of PCR
should increase the rate of detection of dual infections and
allow clearer distinction between DRVI and SRVI. The per-
centage of patients with DRVI who are hospitalized is greater
than that of patients with SRVI, suggesting possible increased
morbidity associated with DRVI; however, only a prospective
study with use of identical viral diagnostic methodologies for
all patients could resolve this question. Determination of the
clinical significance of DRVI should become more important
as more DRVIs are detected by newer, more sensitive viral
diagnostic techniques.

Acknowledgment

The authors thank Robert B. Couch, M.D., for his review of the
manuscript and his helpful suggestions.

References

1. Jacobs JW, Peacock DB, Corner BD, Caul EO, Clarke SKR. Respiratory
syncytial and other viruses associated with respiratory disease in infants.
Lancet 1971;1:871-6.

2. Meissner HC, Murray SA, Kiernan MA, Snydman DR, McIntosh K. A
simultaneous outbreak of respiratory syncytial virus and parainfluenza
virus type 3 in a newborn nursery. J Pediatr 1984;104:680—4.

3. Hall CB, Powell KR, Schnabel KC, Gala CL, Pincus PH. Risk of secondary
bacterial infection in infants hospitalized with respiratory syncytial viral
infection. J Pediatr 1988;113:266—71.

4. Tristram DA, Miller RW, McMillan JA, Weiner LB. Simultaneous infec-
tion with respiratory syncytial virus and other respiratory pathogens.
Am J Dis Child 1988;142:834—6.

5. Subbarao EK, Griffis J, Waner JL. Detection of multiple viral agents in
nasopharyngeal specimens yielding respiratory syncytial virus (RSV).
An assessment of diagnostic strategy and clinical significance. Diagn
Microbiol Infect Dis 1989;12:327-32.

6. Carballal G, Siminovich M, Murtagh P, et al. Etiologic, clinical, and
pathologic analysis of 31 fatal cases of acute respiratory tract infection
in Argentinian children under 5 years of age. Rev Infect Dis 1990;
12(suppl 8):S1074—80.



1428

7.

10.

1.

12.

13.

14.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Puthavathana P, Wasi C, Kositanont U, et al. A hospital-based study of
acute viral infections of the respiratory tract in Thai children, with
emphasis on laboratory diagnosis. Rev Infect Dis 1990; 12(suppl 8):
S988—94.

. Ray CG, Minnich LL, Holberg CJ, et al. Respiratory syncytial virus—

associated lower respiratory illnesses: possible influence of other agents.
Pediatr Infect Dis J 1993;12:15-9.

. Minuse E, Davenport FM. Simultaneous recovery of type A and type C

influenza viruses from a patient. J Lab Clin Med 1951;38:747-50.

Portnoy B, Eckert HL, Hanes B, Salvatore MA. Multiple respiratory virus
infections in hospitalized children. Am J Epidemiol 1965;82:262-72.

Nichol KP, Cherry JD. Bacterial-viral interrelations in respiratory infec-
tions of children. N Engl J Med 1967;277:667—72.

Mufson MA, Krause HE, Mocega HE, Dawson FW. Viruses, Mycoplasma
pneumoniae and bacteria associated with lower respiratory tract disease
among infants. Am J Epidemiol 1970;91:192-202.

Baxter BD, Couch RB, Greenberg SB, Kasel JA. Maintenance of viability
and comparison of identification methods for influenza and other respira-
tory viruses of humans. J Clin Microbiol 1977;6:19-22.

Frank AL, Puck J, Hughes BJ, Cate TR. Microneutralization test for influ-
enza A and B and parainfluenza 1 and 2 viruses that uses continuous
cell lines and fresh serum enhancement. J Clin Microbiol 1980;12:
426-32.

. Piedra PA, Wyde PR, Castleman WL, et al. Enhanced pulmonary pathol-

ogy associated with the use of formalin-inactivated respiratory syncytial
virus vaccine in cotton rats is not a unique viral phenomenon. Vaccine
1993;11:1415-23.

Gill EP, Dominguez EA, Greenberg SB, et al. Development and applica-
tion of an enzyme immunoassay for coronavirus OC43 antibody in acute
respiratory illness. J Clin Microbiol 1994;32:2372-6.

Dowdle WA, Kendal AP, Noble GR. Influenza viruses. In: Lennette EH,
Schmidt NJ, eds. Diagnostic procedures for viral, rickettsial and chla-
mydial infections. Sth ed. Washington, D.C.: American Public Health
Association, 1979:585-609.

. Murray RS, Cai G-Y, Hoel K, Zhang J-Y, Soike KF, Cabirac GF. Coro-

navirus infects and causes demyelination in primate central nervous
system. Virology 1992;188:274—84.

Atmar RL, Baxter BD, Dominguez EA, Taber LH. Comparison of reverse
transcription-PCR with tissue culture and other rapid diagnostic assays
for detection of type A influenza virus. J Clin Microbiol 1996;34:
2604—6.

Atmar RL, Metcalf TG, Neill FH, Estes MK. Detection of enteric viruses in
oysters by using the polymerase chain reaction. Appl Environ Microbiol
1993;59:631-5.

Atmar RL, Georghiou PR. Classification of respiratory tract picornavirus
isolates as enteroviruses or rhinoviruses by using reverse transcription—
polymerase chain reaction. J Clin Microbiol 1993;31:2544-6.

Atmar RL, Neill FH, Romalde JL, et al. Detection of Norwalk virus and
hepatitis A virus in shellfish tissues with the PCR. Appl Environ Micro-
biol 1995;61:3014-8.

Kwok S, Higuchi R. Avoiding false positives with PCR. Nature 1989;
339:237-8.

Hilleman MR, Hamparian VV, Ketler A, et al. Acute respiratory illnesses
among children and adults: field study of contemporary importance of
several viruses and appraisal of the literature. JAMA 1962;180:
445-53.

Glezen WP, Wulff H, Lamb GA, Ray CG, Chin TDY, Wenner HA.
Patterns of virus infections in families with acute respiratory illnesses.
Am ] Epidemiol 1967;86:350-61.

Stott EJ, Bell EJ, Eadie MB, Ross CAC, Grist NR. A comparative virologi-
cal study of children in hospital with respiratory and diarrhoeal illnesses.
J Hyg 1967;65:9-23.

Miller DG, Gabrielson MO, Horstmann DM. Clinical virology and viral
surveillance in a pediatric group practice: the use of double-seeded

Drews et al.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

CID 1997;25 (December)

tissue culture tubes for primary virus isolation. Am J Epidemiol 1968;
88:245-56.

Wolontis S, Stenbeck J, Fransén H. Multiple virus isolations in a group
of children hospitalized with acute respiratory illness. Scand J Infect
Dis 1969;1:119-26.

Sullivan RJ Jr, Dowdle WR, Marine WM, Hierholzer JC. Adult pneumonia
in a general hospital: etiology and host risk factors. Arch Intern Med
1972;129:935-42.

Olson LC, Lexomboon U, Sithisarn P, Noyes HE. The etiology of respira-
tory tract infections in a tropical country. Am J Epidemiol 1973;97:
34-43.

Huhti E, Mokka T, Nikoskelainen J, Halonen P. Association of viral and
mycoplasma infections with exacerbations of asthma. Ann Allerg 1974;
33:145-9.

Downham MAPS, Gardner PS, McQuillin J, Ferris JAJ. Role of respiratory
viruses in childhood mortality. Br Med J 1975;1:235-9.

Mathur U, Bentley DW, Hall CB. Concurrent respiratory syncytial virus
and influenza A infections in the institutionalized elderly and chronically
ill. Ann Intern Med 1980;93:49-52.

Smith CB, Golden CA, Kanner RE, Renzetti AD Jr. Association of viral
and Mycoplasma pneumoniae infections with acute respiratory illness
in patients with chronic obstructive pulmonary diseases. Am Rev Respir
Dis 1980;121:225-32.

Sarkkinen HK, Halonen PE, Arstila PP, Salmi AA. Detection of respiratory
syncytial, parainfluenza type 2, and adenovirus antigens by radioimmu-
noassay and enzyme immunoassay on nasopharyngeal specimens from
children with acute respiratory disease. J Clin Microbiol 1981;13:
258-65.

Tumova B, Kasova V, Stumpa A. Mixed infections with influenza A and
B viruses. Acta Virol (Praha) 1981;25:418-9.

Paisley JW, Lauer BA, McIntosh K, Glode MP, Schachter J, Rumack C.
Pathogens associated with acute lower respiratory tract infection in
young children. Pediatr Infect Dis 1984;3:14-9.

Waner JL, Whitehurst NJ, Jonas S, Wall L, Shalaby H. Isolation of viruses
from specimens submitted for direct immunofluorescence test for respi-
ratory syncytial virus. J Pediatr 1986;108:249—50.

Turner RB, Lande AE, Chase P, Hilton N, Weinberg D. Pneumonia in
pediatric outpatients: cause and clinical manifestations. J Pediatr 1987;
111:194-200.

Hortal M, Mogdasy C, Russi JC, Deleon C, Suarez A. Microbial agents
associated with pneumonia in children from Uruguay. Rev Infect Dis
1990; 12(suppl 8):S915-22.

Fong CK, Landry ML. Advantages of multiple cell culture systems for
detection of mixed-virus infections. J Virol Methods 1991;33:283-9.

Lina B, Valette M, Foray S, et al. Surveillance of community-acquired
viral infections due to respiratory viruses in Rhone-Alpes (France) dur-
ing winter 1994 to 1995. J Clin Microbiol 1996;34:3007—11.

Ghafoor A, Nomani NK, Ishaq Z, et al. Diagnoses of acute lower respira-
tory tract infections in children in Rawalpindi and Islamabad, Pakistan.
Rev Infect Dis 1990; 12(suppl 8):S907—14.

Loda FA, Clyde WA Jr, Glezen WP, Senior RJ, Sheaffer CI, Denny FW.
Studies on the role of viruses, bacteria, and M. pneumoniae as causes
of lower respiratory tract infections in children. J Pediatr 1968;72:
161-76.

Holzel A, Parker L, Patterson WH, et al. Virus isolations from throats
of children admitted to hospital with respiratory and other diseases,
Manchester 1962—4. Br Med J 1965;1:614-9.

Macfarlane JT, Colville A, Guion A, Macfarlane RM, Rose DH. Prospec-
tive study of aetiology and outcome of adult lower-respiratory-tract
infections in the community. Lancet 1993;341:511-4.

Bohte R, van Furth R, van den Broek PJ. Aetiology of community-acquired
pneumonia: a prospective study among adults requiring admission to
hospital. Thorax 1995;50:543-7.



CID 1997;25 (December)

48. Sokhandan M, McFadden ER Jr, Huang YT, Mazanec MB. The contribu-
tion of respiratory viruses to severe exacerbations of asthma in adults.
Chest 1995;107:1570—4.

49. Clarke CW. Relationship of bacterial and viral infections to exacerbations
of asthma. Thorax 1979;34:344-7.

50. Hudgel DW, Langston L Jr, Selner JC, Mclntosh K. Viral and bacterial
infections in adults with chronic asthma. Am Rev Respir Dis 1979;120:
393-7.

Dual Respiratory Virus Infections 1429

51. Beasley R, Coleman ED, Hermon Y, Holst PE, O’Donnell TV, Tobias M.
Viral respiratory tract infection and exacerbations of asthma in adult
patients. Thorax 1988;43:679—83.

52. Minor TE, Dick EC, Baker JW, Ouellette JJ, Cohen M, Reed CE. Rhinovi-
rus and influenza type A infections as precipitants of asthma. Am Rev
Resp Dis 1976;113:149-53.

53. Tarlo S, Broder I, Spence L. A prospective study of respiratory infection in
adult asthmatics and their normal spouses. Clin Allergy 1979;9:293-301.



