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Background. The common cold or upper respiratory infection (URI) is highly prevalent among young children
and often results in otitis media (OM). The incidence and characteristics of OM complicating URI due to specific
viruses have not been well studied.

Methods. We performed a prospective, longitudinal cohort study of 294 healthy children (age range, 6 months
to 3 years). Each child was observed for 1 year to assess the occurrence of URI, acute OM (AOM), and OM with
effusion (OME) complicating URI due to specific viruses.

Results. We documented 1295 URI episodes (5.06 episodes per child-year) and 440 AOM episodes (1.72
episodes per child-year). Virus studies were performed for 864 URI episodes; 63% were virus positive. Rhinovirus
and adenovirus were most frequently detected during URI. The overall incidence of OM that complicated URI
was 61%, including a 37% incidence of AOM and a 24% incidence of OME. Young age was the most important
predictor of AOM that complicated URI. AOM occurred in approximately one-half of children with URI due to
adenovirus, respiratory syncytial virus, or coronavirus and in approximately one-third of those with URI due to
influenza virus, parainfluenza virus, enterovirus, or rhinovirus.

Conclusions. More than 60% of episodes of symptomatic URI among young children were complicated by
AOM and/or OME. Young age and specific virus types were predictors of URI complicated by AOM. For young
children, the strategy to prevent OM should involve prevention of viral URI. The strategy may be more effective
if the priority is given to development of means to prevent URI associated with adenovirus and respiratory syncytial
virus.

The common cold or upper respiratory infection (URI),

a disease caused by a variety of viruses, is a universal

illness. Particularly susceptible to URI are young chil-

dren, especially those who attend day care centers [1–

3]. URI in young children is often complicated by otitis

media (OM) [4, 5]. The high prevalence of URI has

made OM one of the most common diseases seen in

pediatric practice and the emergency department [6,

7]. OM leads to widespread use of antibiotics and per-
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formance of otologic surgical procedures [8–10], thus

draining public health resources worldwide [11–13].

Efforts to identify means to prevent OM are clearly

needed.

OM is classified in 2 forms: acute OM (AOM), an

acute symptomatic disease, and OM with effusion

(OME), an asymptomatic disease involving fluid col-

lection in the middle ear [14]. URI and AOM are closely

linked; 29%–50% of all cases of URI develop into AOM

[5, 15, 16], and a variety of viruses have been detected

in nasopharynx and middle ear effusion specimens ob-

tained from children with AOM [17, 18]. Data on URI

that directly leads to new-onset OME are lacking. One

way to prevent OM is to prevent URI in children. Be-

cause specific viruses may differ in their ability to in-

duce OM, understanding the relative importance of

URI-associated viruses will be useful in designing ap-

propriate viral vaccines for OM prevention. Therefore,

we performed a prospective study of young children to
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obtain epidemiologic information on URI and to determine

the specific virus types associated with URI and their ability to

induce AOM and OME.

METHODS

Study design and subjects. This was a prospective, longitu-

dinal cohort study designed to capture all symptomatic episodes

of URI that occurred in children during a 1-year period, to

study the incidence and characteristics of URI that is compli-

cated by OM. The study was performed at the University of

Texas Medical Branch (Galveston, TX) and was approved by

the Institutional Review Board; written informed consent was

obtained for all subjects. Healthy children living in Galveston

who had received medical care at the University of Texas Med-

ical Branch were recruited from the primary care clinic and via

advertisements in the local newspaper and at local day care

centers. Children were enrolled at the ages of 6 months to 3

years. They could be asymptomatic or have had URI or AOM

at the time of enrollment. Children with chronic medical prob-

lems or an anatomical or physiological defect of the ear or

nasopharynx were excluded from the study. During the year,

parents were asked to notify the study office as soon as the

child began to have symptoms of a cold or URI (e.g., nasal

congestion, rhinorrhea, cough, sore throat, or fever). Children

were seen by a study physician as soon as possible after the

onset and were observed a few days later to assess whether there

were complications of OM; parents were compensated for time

and travel. Study personnel also provided 2 home visits during

weeks 2 and 3 of the URI to perform tympanometry. If the

tympanogram findings remained abnormal after 3 weeks, test-

ing was repeated every 2 weeks until the findings were normal

or the next URI episode occurred. Parents were advised to bring

the child for examination whenever they suspected the child

to have any AOM symptom.

At each visit, information was collected on specific URI-

related symptoms; tympanometry was performed, and the

child’s ears were examined using pneumatic otoscopy by

trained investigators (T.C., K.R., and J.A.P.). OM was consid-

ered to have complicated URI if it occurred within 28 days

after the onset of URI, unless new-onset URI occurred during

this period; in that case, OM was considered to have compli-

cated the most recent URI. AOM was defined as the acute onset

of symptoms (fever, irritability, or earache), signs of tympanic

membrane inflammation, and presence of fluid, as documented

by pneumatic otoscopy and/or tympanometry. Children who

received a diagnosis of AOM were treated on the basis of the

standard of care [19]. OME was considered to have complicated

URI if new fluid and/or an air-fluid bubble was visualized or

if a new type B tympanogram result was obtained without signs

of tympanic membrane inflammation. New middle ear effusion

was defined as the presence of middle ear effusion without a

type B tympanogram finding having been documented in the

previous 30 days. Children with AOM and OME in each ear

were counted as having AOM. The day of onset of OM during

the course of URI was determined from day 1 (the first day of

symptoms) to the first day of diagnosis.

In addition to parent’s self-reported URI, the study personnel

called the parents twice monthly to determine whether there

were any current URI symptoms and occurrence of any URI

or AOM episodes missed since prior contact. An extensive re-

view of medical records was performed at the time of com-

pletion of each child’s study participation. The University of

Texas Medical Branch is the sole provider of pediatric health

care in Galveston; diseases diagnosed and treated in our chil-

dren are likely to be noted in our medical records. URI and

AOM episodes not seen by the study group but captured from

parent’s interviews or from medical records were recorded as

“missed episodes.”

Virologic studies. Respiratory specimens were collected for

virus studies at the initial URI visit and at subsequent visits

only if AOM was diagnosed. Nasal swab specimens were col-

lected for viral culture; nasopharyngeal secretions were collected

for respiratory syncytial virus (RSV) antigen detection by EIA

(performed only during RSV season) and for virus detection

by molecular techniques (performed at the Medical College of

Wisconsin; Milwaukee) on culture- and RSV-EIA–negative

specimens [20, 21].

Real-time RT-PCR was performed with the PRISM 7300 Se-

quence Detection System (Applied Biosystems). Positive and

negative results were determined with the autoanalysis software

and were rechecked manually. For RNA viruses, the first stage

conditions were 50�C for 30 min followed by 95�C for 15 min,

94�C for 15 s, and 60�C for 60 s for 45 cycles; for adenovirus,

the conditions were 95�C for 15 min, 94�C for 15 s, 55�C for

30 s, and 72�C for 35 s for 45 cycles.

For adenovirus detection (hexon gene), the limit of detection

was TCID50/mL. The limit of detection for coronavirus21 � 10

OC43/229E (N gene) and NL63 (N gene) were 10�2 TCID50/

mL and 10�1 TCID50/mL, respectively; for rhinovirus (5′NTR

gene), it was 10�2 TCID50/mL; and for enterovirus (5′NTR), it

was 10�2 TCID50/mL. Analytical specificity was determined for

each assay using American Type Culture Collection strains of

adenovirus, enterovirus, OC43, 229E, rhinovirus, and influenza

A virus; no cross-reactivity was detected. Validation using clin-

ical samples demonstrated sensitivity of 95% (19 of 20 samples)

versus tissue culture and 100% specificity (95% CI, 88%–100%)

for adenovirus, sensitivity of 93% (13 of 14) and 97% specificity

(95% CI, 83%–100%) for rhinovirus, and sensitivity of 75%

(6 of 8) and 100% specificity (95% CI, 88%–100%) for

enterovirus.
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Table 1. Demographic characteristics and risk factor data at

enrollment.

Characteristic Value

No. of subjects 294

Age at enrollment, months

Mean 13.7

Median 12

Male sex 150 (51)

Race or ethnicity

White 173 (59)

Black 91 (31)

Biracial 23 (8)

Asian 7 (2)

Hispanic or Latino 164 (56)

Duration of observation

12 months 201 (68)

6–11 months 40 (14)

Study dismissal for tympanostomy tube placement 8 (3)

Lost to follow-up before month 6 of study 45 (15)

Child care arrangement
a

Home 201 (69)

Home day care 23 (8)

Day care center 68 (23)

Breast-feeding
b

139 (47)

Cigarette smoke exposure 102 (35)

Family history of otitis media 168 (57)

History of prior otitis media episodes
c

133 (47)

Otitis-prone subjects
d

13 (4)

Age-appropriate pneumococcal conjugate vaccination status 239 (81)

NOTE. Data are no. (%) of subjects, unless otherwise indicated.
a

Information was available for 292 subjects. Of children who were cared for at

home, 24% had no siblings.
b

The median duration of breast-feeding was 16 weeks (range, 1 week to 1.4

years).
c

Data were available for 284 subjects. The median number of prior episodes

was 1 (range, 1–12).
d

Defined as 3 episodes of otitis media in 6 consecutive months or as 4 episodes

during 12 consecutive months.

RT-PCR with electronic microarray detection (NanoChip

400 system; Namogen) was performed for detection of RSV,

parainfluenza types 1–3, and influenza A and B virus, as de-

scribed elsewhere [21].

Statistical methods. The relationship of AOM or OME

with a virus was analyzed using the general estimating equations

approach, which treats the child as the unit of analysis while

accounting for the multiple episodes of correlated data from

each child. The repeated binary outcome of OM status was

analyzed with a binomial distribution, logit link function, and

AR(1) correlation structure. Analyses were conducted in the

Genmod procedure in SAS software (SAS Institute) [22]. Rate

ratios were calculated using Episheet 2001, Spreadsheets for the

Analysis of Epidemiologic Data, by Rothman [23]. The episode-

level culture- and molecular-positive rates of virus detection

results were analyzed using Pearson x
2 statistics.

RESULTS

Subjects. During the period January 2003 through March

2006, a total of 294 children were enrolled in the study; 46%

entered the study in the first year of life, 42% in the second

year, and 12% in the third year. Demographic characteristics

and risk factor data are shown in table 1. Overall, the total

duration of follow-up was 256 child-years; the median duration

of follow-up per subject was 12 months (mean duration, 9.8

months).

Overall URI and OM episodes. A total of 1295 URI epi-
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Figure 1. Number of upper respiratory infection (URI) episodes per year in 201 children observed by the study group for an entire 12-month period

(mean number of episodes per child, 5.4; median, 5).

Table 2. Frequencies of upper respiratory infection (URI) and acute otitis media (AOM) during a 1-

year period for 201 children, by age and sex.

Characteristic

No. of

subjects

No. or URI episodes per year No. of AOM episodes per year

All children

Female

children

Male

children All children

Female

children

Male

children

Age at enrollment

6–11 months 89 5.34 5.58 5.17 1.91
a

1.78 2.00
b

12–23 months 85 5.58 6.21 4.76 1.67 1.65 1.70

24–35 months 27 5.07 5.07 5.08 1.07
a

1.14 1.00
b

All children 201 5.40 5.82 5.01 1.70 1.62 1.77

Total no. of episodes … 1086 570 516 341 159 182

NOTE. Each child was observed for the entire 12-month period after enrollment. Children who attended a day care

center, attended home day care, and were cared for at home had a mean of 6.3, 5.1, and 5.2 URI episodes per year,

respectively (rate ratio for day care center vs. home, 1.2 [95% CI, 1.07–1.36; ]; rate ratio for day care center vs.P ! .01

home day care, 1.24 [95% CI, 1.01–1.5; ]).P p .07
a

There was a statistically significant difference in the number of AOM episodes per year between subjects aged 6–11

months and those aged 24–35 months (rate ratio, 1.18; 95% CI, 1.2–2.6; ).P ! .005
b

Rate ratio for subjects aged 6–11 months versus those aged 24–35 months, 2 (95% CI, 1.1–3.6; ).P p .01

sodes were documented during 256 child-years (a rate of 5.06

episodes per child-year); the median age at the time of URI

onset was 17.7 months. Another 26 AOM episodes without

URI symptoms were documented. Patients accounting for 867

episodes (67%) of URI and for 6 episodes of AOM without

URI were seen by the study group. Overall, there were 1839

study visits, 647 home or day care visits, and 4972 tympano-

grams obtained.

Of all URI episodes, 414 (32%) were complicated by AOM.

The rate of AOM-complicated URI among episodes observed

by the study group was 37%; the rate among missed URI ep-

isodes was 22%. With consideration of the 26 episodes of AOM

that did not involve symptoms of URI, the total number of

AOM episodes captured was 440 (1.72 episodes per child-year).

The median age at the onset of AOM was 15.9 months.

Of 294 subjects, 201 subjects were observed for the entire

12 month-period; the remainder dropped out before 1 year had

passed. The frequency of URI for each subject ranged from 0

to 19 cases per year (figure 1). Six subjects had no URIs (as

determined by parent reports and chart reviews), and 7 ex-

perienced 112 URI episodes in 1 year. Frequencies of URI and

AOM by age at enrollment and sex are shown in table 2.

Virologic findings. Of 867 URI episodes seen by the study

group, specimens were collected during the first visit for 864;
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Table 3. Respiratory viruses detected during 864 episodes of

upper respiratory infection.

Virus

No. (%) of episodes

Single or

multiple viruses Single agent

Adenovirus 208 (29) 114 (27)

Rhinovirus 176 (25) 112 (27)

Enterovirus 125 (18) 61 (14)

Coronavirus
a

63 (9) 24 (6)

Parainfluenza virus types 1–3 54 (8) 42 (10)

Respiratory syncytial virus 42 (6) 38 (9)

Influenza A and B virus 35 (5) 29 (7)

Herpes simplex virus 5 (1) 2 (0.5)

Total 708 422

NOTE. A total of 708 respiratory viruses were detected from 547 (63%)

of 864 URI episodes; 422 episodes (77%) were associated with a single virus.
a

This included 14 cases involving coronavirus NL63; in 9 cases, this was

the sole agent detected.

another 124 specimens were collected during the subsequent

visits by patients with AOM. Overall, virologic studies were

performed on 988 specimens obtained from 214 patients. Con-

ventional viral assays detected viruses in 245 specimens (24.8%;

positive viral culture results for 222 [22.4%] and negative cul-

ture but positive RSV EIA results for 23). During the period

January 2003 through July 2006, a total of 600 specimens un-

derwent molecular diagnostic testing; 587 of these were culture-

and RSV antigen–negative specimens, and 359 (59.8%) were

positive for �1 virus. Virus yield was 70% for specimens tested

by conventional methods and by molecular diagnostics (when

the results of conventional assays were negative). Specimens

recovered from 4% of URI episodes were only tested by con-

ventional assays. Overall, viruses were detected in specimens

collected during 558 (64.6%) of 864 URI episodes; in 11 epi-

sodes, only cytomegalovirus was detected. Cytomegalovirus was

also detected along with other viruses in 16 episodes. Because

cytomegalovirus shedding may involve congenital or acquired

infection, and because the virus may not be the cause of URI,

cytomegalovirus data were excluded from the subsequent anal-

yses. After the exclusion of cytomegalovirus data, 547 URI ep-

isodes were found to be associated with detection of respiratory

viruses. Table 3 lists the 708 viruses detected in 547 (63%) of

864 URI episodes. One virus was detected in 422 episodes

(77%), 2 viruses were detected in 92 episodes, 3 viruses were

detected in 30 episodes, and 4 viruses were detected in 3

episodes.

AOM- and OME-complicated URI associated with specific

viruses. For the 864 URI episodes observed by the study

group that had available virus data, the incidence of URI com-

plicated by AOM was 37% (319 of 864 episodes); 39% of AOM

episodes were bilateral, 24% were right-side AOM, and 36%

were left-side AOM. AOM was diagnosed on days 1–24 in the

course of URI, with the peak occurring on days 3–5; the median

time was day 4 (figure 2).

In 28 of 864 URI episodes, middle ear effusion (type B tym-

panogram) was already present within the 30 days before URI

onset; these chronic middle ear effusions were excluded from

consideration for new-onset OME. The incidence of OME-

complicated URI was 24% (203 of 836 episodes); 23% of cases

were right-side OME, 27% were left-side OME, and 51% were

bilateral OME. The overall incidence of URI complicated by

OM (i.e., AOM and OME) was 61%. The time of OME di-

agnosis in the course of URI is also shown in figure 2; median

time was day 3.

Figure 3 illustrates the rate of OM-complicated URI for the

7 respiratory viruses; table 4 shows the rate of OM-complicated

URI, the median day of diagnosis, and the age of the subjects

at the time of onset of URI, AOM, and OME, by virus type.

For each virus (except herpes simplex virus), the median age

at onset of AOM was lower than that at onset of URI, suggesting

that children who developed AOM were younger children. Co-

ronavirus, RSV, and adenovirus were among the viruses asso-

ciated with a higher rate of AOM. The episode data shown in

table 4 were analyzed using the general estimating equations

approach, which treated the child as the unit of analysis, thus

accounting for the multiple correlated episodes in each child.

The overall model indicated that age ( ) was the stron-P ! .001

gest predictor of AOM development after URI, followed by

virus type ( ), controlling for sex ( ), raceP p .05 P p .19

( ), and ethnicity ( ). For age, the OR was 0.96P p .92 P p .75

(95% CI, 0.94–0.98), meaning that, for each additional month

of age in the URI episode, the chances of developing AOM

decreased by 4%. Table 5 compares the differences among the

rates of AOM associated with specific viruses. For OME out-

come, general estimating equations data revealed statistical sig-

nificance only for age (OR, 0.98; 95% CI, 0.96–0.99; ).P p .03

AOM rate determined by virus diagnostic methods.

Because molecular assays are more sensitive than conventional

viral diagnostic assays, which likely detect virus only when it

is present in larger quantities (i.e., a high viral load), we com-

pared the rate of AOM associated with specific viruses detected

by different methods (table 6). For each virus, the AOM rate

was higher in cases diagnosed with viral culture, compared with

those diagnosed with molecular assays. Overall, cases diagnosed

with culture were associated with a higher rate of AOM, com-

pared with cases diagnosed with molecular methods (P p

)..001

DISCUSSION

We have demonstrated a high susceptibility of young children

to URI and a strikingly high rate of OM complications. Our

statistical model identified the age of the child as the most

important factor of AOM-complicated URI. The 2 viruses most
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Figure 2. Day of diagnosis of acute otitis media (AOM) and otitis media with effusion (OME) in the course of upper respiratory infection

commonly detected during URI were rhinovirus and adeno-

virus. Although adenovirus was associated with high rate of

AOM-complicated URI, rhinovirus was associated with lower

rate than that of coronavirus, RSV, and adenovirus. Our data

emphasize the close relationship between viral URI and OM

and suggest that one strategy to reduce OM incidence is to

prevent viral URI in young children.

The relative role of specific virus types in AOM reported in

previous studies has been inconclusive, because different virus

detection methods were used. Henderson et al. [24] used viral

culture and reported that RSV, adenovirus, and influenza virus

were closely associated with AOM; the incidence of AOM as-

sociated with rhinovirus URI was the lowest. Ruuskanen et al.

[25] used conventional viral assays and reported similar results.

Vesa et al. [26] found that URI associated with RSV and rhi-

novirus had a higher rate of AOM than did URI associated

with adenovirus, but these authors used PCR alone for detec-

tion of rhinovirus and antigen detection for detection of other

viruses. Pitkaranta et al. [27] used RT-PCR and reported that

rhinovirus (35%) was the most common virus found in cases

of nasopharyngeal secretions and/or middle ear effusion in chil-

dren with AOM (the rates for RSV and coronavirus were 28%

and 17%, respectively), although the children in that study were

relatively old (median age, 30 months). We used more-com-

prehensive diagnostic methods than other researchers and more

often detected adenovirus during URI; the virus was also as-

sociated with the highest rate of AOM-complicated URI. We

were surprised that RSV-associated URI was not diagnosed

more frequently; this could be because there was an unusually

low prevalence of RSV in our community during the study

period or because young children with RSV infection tended

to have lower respiratory tract disease rather than URI. Nev-

ertheless, the rate of RSV-associated URI complicated by AOM

was among one of the highest; this is consistent with findings

from previous reports [24, 28, 29]. Our data together suggest

that prevention of adenovirus- and RSV-associated URI—if and

when possible—has the potential to make a significant impact

on the incidence of AOM.

Because URI is self-limiting, viral diagnosis is not clinically

indicated. Research studies of viral etiology of URI that use a

variety of viral diagnostic methods, including molecular tech-

niques, have provided a virus yield of 42%–73% [26, 30, 31].

Virus yield depends on many factors, including sensitivity of

the technique, specificity of the primers, and the number of

viruses targeted. New viruses have recently been discovered as

causes of URI and/or OM: human metapneumovirus, boca-

virus, and coronavirus NL-63 [32–34]. The limited amount of

samples and the high cost prohibited us from testing for all
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Figure 3. Rate of acute otitis media (AOM) and otitis media with effusion (OME) by upper respiratory infection–associated virus, for all virus

detection methods combined. RSV, respiratory syncytial virus.

Table 4. Rates of acute otitis media (AOM) and new-onset otitis media with effusion (OME) following upper

respiratory infection, by respiratory viruses and median age.

Virus

URI AOM OME

Total

rate of

otitis media
b

No. of

episodes

Age,

median

months
a

Rate,

%
b

Median

day
c

Age,

median

months
a

Rate,

%
b

Median

day
c

Age,

median

months
a

Adenovirus 114
d

18 46.5 5 16 23.6 6 19 70.1

Rhinovirus 112
e

18 30.4 5 16 25.2 5 16 55.6

Enterovirus 61
f

17 34.4 5 16 28.1 4 15 62.5

Parainfluenza 42 17 33.3 4 16 22.0 4 13 55.3

RSV 38 20 47.4 5 16 15.8 8 18 63.2

Influenza virus 29
g

24 34.5 4 16 31.0 4 27 65.5

Coronavirus 24 19 50.0 6 16 17.4 5 19 67.4

HSV 2 14 50.0 15 16 0.0 0 0 50.0

Combined viruses 125 18 36.8 5 16 22.1 5 16 58.9

No virus 317 17 34.7 5 16 25.7 5 16 60.4

Total 864 18 36.9 5 16 24.3 5 16 61.2

NOTE. Episodes associated with specific viruses included a single virus per episode; otherwise, they are included as combined

infections. Statistical analyses was performed using the general estimating equations model (see Methods). HSV, herpes simplex virus;

RSV, respiratory syncytial virus.
a

Median age at time of onset of URI, AOM, or OME.
b

Rate of AOM- or OME-complicated URI caused by a specific virus.
c

Day of otitis media during the course of URI.
d

For 30 patients (26%), the same virus was detected in prior episodes 7–89 days previously.
e

For 7 patients (6%), the same virus was detected in prior episodes 14–50 days previously.
f

For 10 patients (16%), the same virus was detected in prior episodes 8–73 days previously.
g

In 1 case (3%), the same virus was detected in prior episodes 39 days previously.

viruses. We did not test for human metapneumovirus and bo-

cavirus, which could have lowered the virus yield by 5%–10%

[32, 34]. Our virus types and yield are comparable to those

that have been reported elsewhere [26, 30, 31], although the

epidemiology of respiratory viral infection varies by geograph-

ical location and from year to year.

Recently, investigators found viruses in respiratory specimens

obtained from children with no symptoms [31]; rhinovirus has

also been found to have a prolonged presence in the respiratory

tract [35, 36]. Because viruses are intracellular pathogens, these

cases constitute asymptomatic infections. We studied only

symptomatic URI and assumed a cause-and-effect relationship.
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Table 5. ORs for pair-wise comparisons of the rate of upper

respiratory infection complicated by acute otitis media, by spe-

cific virus.

Virus OR (95% CI) P

Coronavirus vs. rhinovirus 3.0 (1.32–6.98) .009

Coronavirus vs. negative 2.8 (1.20–6.61) .018

Coronavirus vs. enterovirus 2.5 (1.03–6.07) .043

RSV vs. rhinovirus 2.1 (1.11–3.92) .023

RSV vs. negative 1.9 (1.11–3.34) .019

Adenovirus vs. rhinovirus 1.8 (1.06–3.10) .029

Adenovirus vs. negative 1.7 (1.09–2.59) .019

NOTE. Only statistically significant comparisons are shown. RSV, respi-

ratory syncytial virus.

Table 6. Rates of acute otitis media (AOM) associated with specific viruses, by virus

detection method.

Virus

All methods

Culture-positive

cases

Molecular

study–positive

cases

RSV

EIA–positive

cases

No. of

cases

AOM

rate, %

No. of

cases

AOM

rate, %

No. of

cases

AOM

rate, %

No. of

cases

AOM

rate, %

Adenovirus 114 46.5 30 63.3 84 40.4 … …

Rhinovirus 112 30.4 52 42.3 60 20.0 … …

Enterovirus 61 34.4 24 41.7 37 29.7 … …

Parainfluenza 42 33.3 30 36.7 12 25.0 … …

RSV 38 47.4 12 58.3 4 0.0 22 50.0

Influenza 29 34.5 25 40.0 4 0.0 … …

NOTE. Cases diagnosed by culture were associated with higher rate of AOM-complicated URI, compared

with cases diagnosed by molecular methods ( , by Pearson x
2 test). RSV, respiratory syncytial virus.P p .001

We only compared the rate of OM in URI episodes associated

with single virus; of these, 11% revealed the same virus as in

previous episodes (table 4). In addition, 125 (23%) of our 547

virus-positive samples contained �2 viruses. Other researchers

have reported rates of dual- or multiple-virus infection of 5%–

20% [26, 30, 31, 37]; our relatively high rate could be associated

with the more-comprehensive assays that we used or with fre-

quent collection of samples from children with recurrent URI.

In any event, it was possible that the molecular assays may have

also detected some of the virus associated with previous URI

episodes. The role of prolonged presence of viruses in the re-

spiratory tract and that of dual- or multiple-virus infections in

OM requires further investigations.

Positive viral culture results are associated with detection of

live virus and are a strong indication of the cause-and-effect

relationship (i.e., a viral cause of current symptoms). The find-

ings of high rates of AOM associated with isolation of ade-

novirus and RSV help confirm the significance of these viruses

in AOM-complicated URI. We have also found that, for every

virus that both culture and molecular assays detected, the rate

of AOM was higher for cases detected by culture. Tissue culture

is less sensitive than molecular assays and probably detects virus

only in larger quantities (i.e., a high viral load). Therefore, our

finding also suggests the role of high viral load in increasing

URI severity. Correlations between virus concentrations and

elevated levels of cytokines/inflammatory mediators (e.g., IL-

6, TNF-a, IFN-g, IL-1, IL-8, and macrophage inflammatory

protein–1a), and disease severity have been shown previously

in respiratory virus infections [38–44]. It is likely that, in our

cases, higher viral loads generated higher degrees of inflam-

mation, which may have worsened the eustachian tube func-

tion, leading to OM complication.

In conclusion, we found a high prevalence of symptomatic

viral URI among young children, and 160% of cases were com-

plicated by AOM and/or OME. The risk of AOM development

was associated with young age, specific URI-associated viruses,

and conventional methods of viral detection. The role of per-

sistence of viral nucleic acids in respiratory secretions obtained

from children with symptomatic URI requires further

investigations.
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