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The present study examined the association of specific virus infections with acute respiratory tract condi-
tions among hospitalized and outpatient children in a subtropical country. A total of 2,295 virus infections were
detected in 6,986 patients between 1997 and 1999, including infections caused by respiratory syncytial virus
(RSV) (1.7%), parainfluenza virus (2.0%), influenza B virus (2.6%), adenovirus (4.0%), herpes simplex virus
type 1 (4.4%), influenza A virus (5.5%), and enterovirus (12.7%). There were 61 mixed infections, and no
consistent seasonal variation was found. One or more viruses were detected among 24.8% of hospitalized
patients and 35.0% of outpatients. The frequencies and profiles of detection of various viruses among in- and
outpatients were different. The occurrence of enterovirus infections exceeded that of other viral infections
detected in 1998 and 1999 due to outbreaks of enterovirus 71 and coxsackievirus A10. RSV was the most
prevalent virus detected among hospitalized children, whereas influenza virus was the most frequently isolated
virus in the outpatient group. Most respiratory viral infections (39.3%) occurred in children between 1 and 3
years old. RSV (P < 0.025) and influenza A virus (P < 0.05) infections were dominant in the male inpatient
group. In addition, most pneumonia and bronchiolitis (48.4%) was caused by RSV among hospitalized children
less than 6 months old. Adenovirus was the most common agent associated with pharyngitis and tonsilitis
(45.5%). These data expand our understanding of the etiology of acute respiratory tract viral infections among
in- and outpatients in a subtropical country and may contribute to the prevention and control of viral

respiratory tract infections.

Viruses, including respiratory syncytial virus (RSV), parain-
fluenza viruses, influenza viruses, adenoviruses, rhinoviruses,
and enteroviruses, are a frequent cause of respiratory tract
infections in children (2, 6, 11). In hospitalized children, RSV
infections occur at greater frequency than other viral infections
of the lower respiratory tract (1, 7, 15, 23, 28). Symptoms of
RSV infections include coughing, wheezing, hypoxia, bronchi-
olitis, and pneumonia (18, 21). Recently, several strategies for
prophylaxis and treatment of RSV infection have been devel-
oped (8, 20, 21). Passive immunization using RSV immuno-
globulin and monoclonal antibodies for prevention of RSV
disease in premature infants have provided effective forms of
prophylactic intervention for high-risk groups (8, 20, 21). A
combination of RSV immunoglobulin and the antiviral agent
ribavirin given to bone marrow transplant recipients infected
with RSV has also been shown to result in higher survival
compared to untreated patients (31). Influenza virus is the
most frequent cause of acute respiratory illness, which results
in local, regional or worldwide epidemics with various degrees
of severity each year (16). Although the new antiviral drug
zanamivir for influenza A and B and live attenuated intranasal
influenza vaccine were shown to be highly effective in clinical
trials, continuous surveillance of influenza viruses is still re-
quired in order to properly select the vaccine strains (4).
Worldwide, enteroviruses appear to account for 2 to 15% of
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upper respiratory tract viral infections (3). In addition, en-
teroviruses have been associated with a number of disease
manifestations, such as common cold, herpangina, hand-foot-
and-mouth disease, exanthema, conjunctivitis, myocarditis,
generalized infections of newborns, and involvement of the
central nervous system ranging from mild meningeal symptoms
to fatal cases of encephalitis and paralysis (3).

The relationship between clinical symptoms and respiratory
infections has been frequently discussed in the literature, but
there are still conflicting results with influenza virus and RSV
(9). Viral detection provides more specific information on the
correlation of clinical symptoms with specific infections. The
epidemiological data and clinical symptoms observed in in-
fected patients will also help clinicians and researchers in-
volved in prevention and control of respiratory tract viral in-
fections (19). Causes of respiratory tract infections in infants
and children are diverse. Most of the reports are based on
studies of severely ill hospitalized children (2, 11, 25, 32, 34) or
acute respiratory infections in community surveillance studies
(6, 10, 16, 27). The present study was designed to examine
comprehensively within a defined population the role of respi-
ratory virus infections in an acute respiratory condition. In
order to investigate the etiology of viral infections, specimens
from hospitalized patients and outpatients with respiratory
symptoms were collected and viral isolations were performed.
Viral epidemiological data and seasonal variations were ana-
lyzed. In addition, the correlation of viruses and clinical syn-
dromes was investigated. These data may provide information
on the etiology and management of respiratory tract viral in-
fection.
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FIG. 1. Seasonal distribution of viral infections.
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TABLE 2. Age and sex distributions of virus-infected children
Inpatients
Virus No. (%) of isolations from patients of age: Male/female
<6 mo 6 mo-1 yr 13 yr 3-6 yr 6-10 yr >10 yr Unknown Total ratio®
Influenza A virus 3(6.0) 9 (18.0) 21 (42.0) 10 (20.0) 4(8.0) 1(2.0) 2 50 2.7¢
Influenza B virus 0 0 7(29.2) 8(33.3) 9(37.5) 0 0 24 1.4
Parainfluenza virus 1 0 0 1 2 0 0 0 3 3.0
Parainfluenza virus 2 0 1 0 1 0 0 1 3 2
Parainfluenza virus 3 0 3 3 0 0 0 0 6 1
Adenovirus 4(5.8) 6(8.7) 28 (40.6) 20 (29.0) 4(5.8) 2(2.9) 5 69 2.1
RSV 45 (48.9) 22(23.9) 21 (22.8) 4(4.3) 0 0 0 92 2.8¢
Enterovirus 45 (21.1) 31 (14.6) 81 (38.0) 36 (16.9) 13 (6.1) 2(0.9) 5 213 1.4
HSV-1 1(1.6) 2(3.2) 35 (55.6) 9(14.3) 8 (12.7) 5(7.9) 5 63 1.1
No. (%) positive 98 (18.7) 72 (13.8) 197 (37.7) 90 (17.2) 38(7.3) 10 (1.9) 18 (3.4) 523
¢ Mean, 1.77.
? Mean, 1.3.
<P <0.05.
4p < 0.025.

of 2,295 viruses were isolated, including 384 influenza A virus
isolates, 181 influenza B virus isolates, 53 parainfluenza
virus 1 isolates, 22 parainfluenza virus 2 isolates, 62 parain-
fluenza virus 3 isolates, 277 adenovirus isolates, 889 entero-
virus isolates, 120 RSV isolates, and 307 herpes simplex
virus type 1 (HSV-1) isolates. Sixty-one patients (0.9%) had
more than one virus infection detected. The most frequent
combinations were adenovirus or HSV-1 plus enterovirus
(21 cases; 34.4%) and enterovirus or HSV-1 plus influenza
virus (13 cases; 21.3%). Infections with enterovirus (213;
10.3%), RSV (92; 4.4%), adenovirus (69; 3.3%), and HSV-1
(63; 3.0%) were the most commonly detected in the hospi-
talized children, comprising about 83.3% of all virus infec-
tions. In contrast, enterovirus (676; 13.8%), influenza A
virus (334; 6.8%), HSV-1 (244; 5.0%), and adenovirus (208;
4.2%) accounted for the majority of viral infections (87.8%)
in the outpatient group. In 1997, RSV infection (6.8%) was
predominant in the hospitalized patient group, while influ-

enza A and B viruses (16.4%) were more prevalent in the
outpatient group (Table 1). In contrast, during 1998 and
1999, the majority of infections in both groups were caused
by enteroviruses, due to an epidemic of enterovirus 71 and
coxsackievirus A10.

Seasonal distribution of viral infections. The monthly dis-
tribution of respiratory tract viruses is shown in Fig. 1. In
Taiwan, the four seasons were generally recognized as spring
(March to May), summer (June to August), fall (September to
November), and winter (December to February). The average
temperatures during spring, summer, fall, and winter in the
studied area from 1997 to 1999 were 25, 32, 28, and 20°C,
respectively. Respiratory viral agents usually have characteris-
tic seasonal patterns in temperate and tropical climates. Al-
though infections with influenza A and B viruses predominate
in winter seasons in temperate climates, influenza A viruses
were observed in the spring, summer, and early fall of 1999 in
Taiwan. Similarly, influenza B viruses were also seen in the

TABLE 3. Studies of respiratory infections in various countries

% of respiratory infections caused by”:

Inf-A Inf-B Para-1 Para-2 Para-3 ADV RSV Rhino Corona EV HSV Others
14.5¢ 3.7¢ 5.0 33 11.1 4.7 33 2.6 6.3
5.2 2.1 5.3 5.2 4.5 3.0 0.6 22 9.2
15.9 5.8 4.2 1.0 3.6 3.9 7.1 5.1 1.6 227
2.07 5.8 3.6 16.7 5.7 26
2.8 1.3 3.9 9.0 6.7 20.3 43
4.0 2.0 2.0 3.0 3.0 5.0 3.0
0.6 0.4 38 0.8
3.9 1.4 1.7 0.5 7.8 3.9 27.2 1.0
2.7 0.7 1.0 0.2 2.1 1.6 22.8 0.1 0.2
7.2 0.1 1.9 2.4 3.2 1.1 10.3 42 2.5 1.7 4.0 0.07
6.6 4.9 0.3 2.3 11.2 3.6 6.7 0.5
5.5 2.6 0.8 0.3 0.9 4.0 1.7 12.7 4.4

¢ Inf-A, influenza A virus; Inf-B, influenza B virus; Para-1, parainfluenza virus 1, Para-2, parainfluenza virus 2; Para-3, parainfluenza virus 3; ADV, adenovirus; Rhino,
rhinovirus; Corona, coronavirus; EV, enterovirus; others, mixed infections with viruses or bacteria.
® LRI, lower respiratory tract infection; ARI, acute respiratory tract infection; RI, respiratory tract infection.

¢ Ab, detection of antibody; Ag, detection of antigen.

4 Value applies to both influenza A virus and influenza B virus.
¢ Value applies to parainfluenza viruses 1 and 2.

/Value applies to parainfluenza viruses 1, 2, and 3.
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Outpatients

No. (%) of isolations from patients of age:

Male/female

<6 mo 6 mo-1 1-3 36 6-10 >10 Unk Total ratio”
yr yr yr yr yr nknown ota

13 (3.9) 20 (6.0) 81(24.3) 94 (28.1) 50 (14.9) 28 (8.3) 48 334 12
0 1(0.6) 16 (10.2) 42 (26.8) 57 (36.3) 13 (8.3) 28 157 1.4
4(8.0) 1(2.0) 21 (40.3) 21 (40.3) 3 (6.0) 0 0 50 1.6
1 1 7 7 1 0 2 19 0.4
2 (3.6) 10 (17.9) 30 (53.6) 10 (17.9) 1(1.8) 0 3 56 14
4(1.9) 20 (9.6) 77 (37.0) 60 (28.8) 25 (12.0) 3(1.4) 19 208 15
2(8.3) 3 (10.7) 15 (53.6) 4(14.3) 3(10.7) 0 1 28 1

14 (2.0) 56 (8.3) 322 (47.6) 178 (26.3) 52 (7.7) 15(2.2) 39 676 15
2(0.8) 16 (6.6) 135 (55.3) 45 (18.4) 27 (11.7) 7(2.9) 12 244 11

42 (2.4) 128 (7.2) 704 (39.7) 461 (26.0) 219 (12.4) 66 (3.7) 152 (8.6) 1,772

spring and early summer of 1997 and 1999 in this study. During
the 3-year study period, there were two outbreaks of influenza
A virus (H3N2); one (123 cases) occurred from November
1997 to February 1998, and the other (222 cases) was from
November 1998 to September 1999 (11 months). Interestingly,
a switch to influenza A virus subtype HIN1 (123 cases) oc-
curred from December 1999 to February 2000, with peak ac-
tivity in January 2000 (data not shown). There were also two
peaks of influenza B virus outbreaks observed in this period;
one occurred in 1997 from March to June (B/Beijing/184/93-
like subtype, 40%; B/Guangdong/8/93 like subtype, 48%), and
the other was from November 1998 to August 1999 (B/
Beijing/184/93-like subtype, 97.2%). Adenovirus was detected
throughout the year; however, an outbreak was identified in the
winter of 1999. Although RSV infections occur predominantly
in the winter in temperate climates and are associated with
rainfall in tropical climates, RSV was recovered in Taiwan in
all four seasons without significant seasonality over the period
of analysis. Enterovirus infections were dominant in the sum-
mer, with two peaks observed each year of the study; the first
peak was in May to June, and the second peak was between

October and November. Coxsackievirus A9 represented 20.8%
of positive enterovirus isolates in 1997. A dramatic increase in
enterovirus isolations was due to an epidemic of enteroviruses
71 in 1998 and an outbreak of coxsackieviruses A10 in 1999.
Two peaks of enterovirus 71 infections were seen in Taiwan,
one in June and the other in October of 1998 (12, 17, 29, 33).
Coxsackieviruses A10 with herpangina represented 23.9% of
enterovirus infections in 1999, and the major peak was in May.
HSV-1 was found year round without a particular seasonality
(data not shown). Parainfluenza viruses 1, 2, and 3 were de-
tected sporadically in small numbers during the entire study
period (data not shown).

Age and sex distributions of virus-infected children. The
age distribution of patients at the time of hospital admission
is presented in Table 2. The highest incidence of viral in-
fections was in children between 1 and 3 years old. Influenza
virus infections were detected in 384 persons distributed
among all age groups. Children between 1 and 6 years of age
(53.6%) were the most common age group affected by in-
fluenza A virus among the inpatient (62%) and outpatient
(52.4%) groups. Influenza B virus was mostly detected in

TABLE 3—Continued

Total Mixed Total no. of patients or Stud
detection infection specimens (% in- or Age (yr) Symptoms” Study site Method used® s Reference
rate (no.) rate outpatients) period
49.8 (148) 5.1 297 (100% outpatients) <14 LRI United States Culture 1975-1976 10
37.4 (2,051) 5.5 5,474 (100% outpatients) 0->25 ARI Czechoslavakia ~ Ab, Culture 1976-1986 27
51.9 (198) 312 (58.0% outpatients) <5 LRI Philippines Ag, Ab, Culture 1984 22
35 (386) 1,052 (100% outpatients) <5 ARI Brazil Ag, Culture 1984-1986 5
45 (268) 3.6 596 (52.8% outpatients) <5 LRI Thailand Ag, Ab, Culture  1986-1987 26
22.0 (164) 736 (both groups) <5 ARI India Ag, Culture 1986-1989 14
41.3 (292) 0.8 707 (39.1% outpatients) <5 ARI Brazil Ag, Culture 1987-1989 25
45.9 (369) 1.5 804 (20% outpatients) <12 (most) LRI Korea Ag, Culture 1990-1994 34
29.0 (3,904) 12,354 (29% outpatients) 0-=20 RI Singapore Ag, Ab, Culture  1990-1994 2
35.6 (366) 1,029 (100% inpatients) 0-=65 ARI United States Ab, Culture 1991-1995 11
36.1 (348) 1.7 962 (100% outpatients) 0-65 Flu-like  France Ag, Culture 1994-1995 16
32.9 (2,295) 0.9 6,986 (70.3% outpatients) <12 ARI Taiwan Culture 1997-1999  This study
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FIG. 2. Clinical symptoms associated with

children between 6 and 10 years old among both the inpa-
tient (37.5%) and outpatient (36.3%) groups. Parainfluenza
virus infections accounted for 137 infections in both groups.
More than 56% of the parainfluenza virus infections of
children younger than 3 years were type 3. Adenovirus in-
fections were more common in 1- to 3-year-olds in both
groups. Of 92 RSV infections in hospitalized children, 45
(48.9%) of the children were less than 6 months of age.

Para-3

Adenovirus  Enterovirus HSV-1 RSV

viral agents. Para-1, parainfluenza virus 1.

However, RSV infections were dominant in 1- to 3-year-olds
in the outpatient group. Enteroviruses and herpesviruses
were detected in all age distributions, but mainly in 1- to
3-year-olds in both the in- and outpatient groups. The over-
all male-to-female ratio for patients with viral infection was
1.4 to 1. Males with RSV and influenza A virus infections
were dominant in the inpatient group (RSV, P < 0.025;
influenza A virus, P < 0.05).
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Clinical symptoms associated with viral agents. The as-
sociation of tonsillitis-pharyngitis, bronchiolitis, and pneu-
monia with individual viral agents is shown in Fig. 2. RSV
was the most common agent associated with bronchiolitis
and pneumonia in the low respiratory tract infections,
whereas pharyngitis and tonsillitis of the upper respiratory
tract were caused predominately by adenovirus infections.
In the inpatient group, pneumonia was mostly caused by
RSV infection. However, only a few cases of pneumonia
were found within the outpatient group (data not shown).

DISCUSSION

This study analyzed the occurrence of various viral respira-
tory infections among hospitalized patients and outpatients.
The frequency of virus detection was higher for the outpatient
group than the inpatient group, suggesting that more outpa-
tients were in the acute phase when the specimens were taken.
The agents most frequently detected in the hospitalized chil-
dren were enterovirus (10.3%), RSV (4.4%), adenovirus
(3.3%), and HSV-1 (3.0%). In contrast, enterovirus (13.8%),
influenza A virus (6.8%), HSV-1 (5.0%), and adenovirus
(4.2%) were identified mostly in the outpatient group, indicat-
ing that the profile of virus detection is different among in- and
outpatient groups.

Table 3 summarizes the recent studies of respiratory infec-
tions in different countries. Viruses were detected in 32.9% of
our clinical cases of acute respiratory infection in children
under 12 years old. This rate is likely to be underestimated,
since only culture results were employed; however, our detec-
tion rate was within the range of 22.0 to 51.9% found by other
workers (Table 3). In most studies, RSV is the leading cause of
lower respiratory tract infection in children (7, 15, 28). This
study may have underestimated the rate of detection of RSV
infection, since only the culture method was used and the rate
would increase if detection of antigen was included. It was less
frequently isolated in the outpatient population during this
study period, but in hospitalized patients, it was the major
cause of bronchopneumonia and was also the most frequently
isolated agent except during the enterovirus outbreaks in 1998
and 1999.

In contrast to other reports (6, 10), influenza A virus infec-
tions accounted for only 2.4% of respiratory tract infections
among the inpatient group, and influenza viruses were not a
predominant cause of pneumonia among hospitalized patients
in this study. However, the rate of detection of influenza A
virus (6.8%) is second only to that of enterovirus in the out-
patient group. Two outbreaks of each influenza A and B were
observed in this 3-year study. Most influenza A viruses isolated
(98.2%) were of the H3N2 subtype between 1997 and Septem-
ber 1999. A change of serotype prevalence to HIN1 occurred
from December 1999 to February 2000. An outbreak of mixed
infections of influenza B virus (B/Beijing/184/93-like subtype,
40%; B/Guangdong/8/93 like subtype, 48%) was seen from
March to June 1997; in contrast, most isolates (97.2%) from
the other outbreak from November 1998 to August 1999 were
of the B/Beijing/184/93-like subtype. It was unexpected that
influenza A virus infections continued throughout the 11-
month study period. This was considerably longer than the 4 to
6 weeks usually seen in temperate climates, suggesting a pro-
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longed circulation of influenza A virus in the area for which
seasonal change is not evident. Although the influenza epi-
demic did not caused a high hospitalization rate during the
study period, continuous observation of outpatient epidemics
will provide the right choice of prevention and control of the
outbreak of diseases.

The incidence of enterovirus in this study is much higher
than those in other studies. Although some studies have re-
corded rates ranging from 0 to 5.7% (Table 3), these rates are
still much lower than our findings (12.7%). In 1997, the dom-
inant enterovirus was coxsackievirus A9; however, in 1998, due
to an outbreak, enterovirus 71 infections resulted in 46% of
enterovirus-positive cases in inpatients (29). Many of these
cases were associated with symptoms of respiratory tract infec-
tions, with some having complications involving the central
nervous system. In 1999, an outbreak of coxsackievirus A10
also contributed to a large number of enteroviruses being iso-
lated. The characteristics of the enteroviruses obtained during
the current study period suggest a significant type-specific vari-
ability in enterovirus outbreaks from year to year. Isolation of
HSV-1 is somewhat higher than isolation of other viruses;
however, the significance is not known. Adenovirus accounted
for 4.0% of respiratory infections, and a similar rate was found
in other reports. Parainfluenza virus was responsible for only
2.0% of cases, and the proportion of type 3 was higher than
that of type 1. No rhinovirus was recovered; the likely expla-
nation is that the culture conditions were not appropriate for
rhinovirus because human diploid fibroblast cells, which are
known to be more sensitive for rhinoviruses, were not used in
the study period.

Respiratory tract infections are common in young children,
decrease in frequency with age, and predominate in boys (1, 6,
34). This male predominance is reflected in the present study,
which demonstrates a higher incidence of respiratory tract
infection in boys. The results of this study are similar to the
report of Denny et al. (6) in terms of the sex distribution of
respiratory tract infection but not in terms of the age distribu-
tion, in which the influenza viruses occurred equally in all age
group. The age distribution of RSV in developing countries
appears to be similar to that in developed countries (30). Sixty
percent of RSV infections were in patients under 1 year of age
in this study. This report also described the seasonal variation
of respiratory viral infections in Taiwan. The relative frequency
of each viral agent and the pattern of occurrence in this study
are not similar to those described in previous reports in coun-
tries with temperate and tropical climates (22, 26). In temper-
ate climates, the majority of isolations of influenza virus and
RSV are in the winter and enterovirus infections occur more
frequently during the summer and autumn. In contrast, this
study showed less clear-cut seasonality of influenza virus, RSV,
and enterovirus infections. The possible reason for this is that
Taiwan is situated on an island with a subtropical climate,
where the difference in average temperature between two sea-
sons is only about 8°C and the effect of rainfall is not so
evident. Outbreaks of influenza virus and enterovirus lasted as
long as 11 months in this study. Neither temperature nor rain-
fall appears to be the main determinant of the timing of those
outbreaks. RSV appears in distinct outbreaks in temperate
climates, and the seasonal pattern of RSV in our study is also
different from those in the reports from Singapore and Hong
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Kong, which showed that in tropical climates, the incidence of
RSV infections appears to be associated with seasonal rainfall
rather than cold weather (2, 24, 30).

Infections with respiratory viruses are a common cause of
morbidity and mortality around the world. A better under-
standing of the epidemiology of respiratory viral infections may
be used for timely, specific antiviral therapy, prophylaxis, and
vaccination. This study described the epidemiology and clinical
presentations of specific respiratory viral infections in hospi-
talized patients and outpatients in southern Taiwan from 1997
to 1999. With the development of effective antiviral therapy for
many respiratory viruses, this study may provide valuable in-
formation for better management of patients suffering from
respiratory tract infections in the subtropical climate.
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