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Background. Community-acquired pneumonia (CAP) in young children is most commonly associated with
viral infections; however, the role of viruses in CAP of school-age children is still inconclusive.

Methods. Seventy-five school-age children hospitalized with CAP were prospectively evaluated for the presence
of viral and bacterial pathogens. Nasopharyngeal washes were examined by polymerase chain reaction for viruses
and atypical bacteria. Antibody assays to detect bacterial pathogens in acute-phase and convalescent-phase serum
samples were also performed.

Results. A viral infection was identified in 65% of cases. Rhinovirus RNA was detected in 45% of patients;
infection with another virus occurred in 31%. The most common bacterial pathogen was Mycoplasma pneumoniae,
which was diagnosed in 35% of cases. Chlamydia pneumoniae DNA was not detected in any patient; results of
serological tests were positive in only 2 patients (3%). Mixed infections were documented in 35% of patients, and
the majority were a viral-bacterial combination.

Conclusions. The high prevalence of viral and mixed viral-bacterial infections supports the notion that the
presence of a virus, acting either as a direct or an indirect pathogen, may be the rule rather than the exception
in the development of CAP in school-age children requiring hospitalization.

Community-acquired pneumonia (CAP) is a serious

cause of morbidity among children in developed coun-

tries and has a considerable effect on the health care

system. In the developing world, the incidence of pneu-

monia is higher, and this infection is one of the primary

causes of death among young children [1].

Detailed information on the etiology of CAP is re-

quired for the formulation of treatment recommen-

dations and the introduction of preventive measures.

Evaluation of mixed infections and the relative impor-

tance of each potential pathogen may also contribute

to improved understanding of the etiopathogenesis of
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this infection. However, identifying the cause of a lower

respiratory tract infection remains a challenge for a

number of reasons: adequate samples are difficult to

obtain, and the differentiation between infection and

colonization cannot always be made [1, 2]. Further-

more, the different responsible agents require multiple

and complicated methodologies for their detection. As

more diagnostic tests or combinations of them are per-

formed, the number of potential causes directly or in-

directly associated with pneumonia increases [1, 2].

Streptococcus pneumoniae has been identified as the

most important cause of bacterial pneumonia in chil-

dren [1, 2]. Mycoplasma pneumoniae and Chlamydia

pneumoniae are most common causes in school-age

children [1, 2], although recent studies have suggested

their importance in younger age groups [3–5]. Viruses,

with the predominance of respiratory syncytial virus

(RSV), have been most commonly associated with

pneumonia in infants and young children. However,

the role of viruses in many respiratory tract diseases

has been readdressed in recent studies that use new

sensitive methodologies. This is mostly true for human
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rhinovirus (RV), which for many years has been considered as

a uniquely upper-airway pathogen. Nevertheless, the devel-

opment of sensitive diagnostic techniques has helped identify

RV as significantly associated with lower respiratory tract dis-

eases, such as asthma [6], bronchiolitis [7], and CAP [8].

We conducted a 12-month prospective study involving

school-age children hospitalized with CAP to thoroughly in-

vestigate the role of viruses, and atypical and common bacteria

by means of several detection techniques, including PCR and

serological testing.

PATIENTS AND METHODS

A total of 75 patients (37 of whom were boys) aged 5–14 years

(median age, 86.5 months) who were consecutively admitted

to our department with the diagnosis of CAP during 1 calendar

year were enrolled in the study. Patients were included if they

had fever (temperature, �37.5�C) and an infiltrate visible on

a chest radiograph. Children with any chronic underlying dis-

orders were excluded from the study. A standard questionnaire,

including demographic data, clinical symptoms and signs, lab-

oratory and radiological findings, treatment, complications,

and duration of hospitalization, was filled out for each patient.

A serum sample and a nasopharyngeal wash were obtained from

each patient within 48 h of admission. The samples were kept

frozen at �70�C until further study. Forty-five patients returned

for follow-up 1 month after discharge, at which time a con-

valescent-phase serum sample was obtained.

PCR-based microorganism detection. The presence of ge-

nomic material of the viruses and atypical bacteria in naso-

pharyngeal wash samples was examined by RNA or DNA ex-

traction, followed by RT-PCR and direct PCR, respectively. PCR

reactions with primer sets and conditions specific for RSV A

and B, influenza viruses A (H1N1 and H3N2 subtypes) and B,

parainfluenza viruses 1, 2, and 3, adenoviruses, human meta-

pneumovirus, and C. pneumoniae and M. pneumoniae were

performed as previously described [7, 9–11]. A single round

and a seminested PCR were used for detection of RV [12, 13].

Primers were synthesized from MWG AG Biotech; Taq DNA

polymerase and PCR buffers and supplements were purchased

from Bioron. PCR products were electrophoresed on 2% aga-

rose gels, and amplicons were visualized by ethidium bromide

staining. When a PCR of nested or seminested type was used,

it was conducted in a separate room to avoid intrasample con-

tamination. cDNAs obtained from viral lysates served as pos-

itive controls, whereas several negative controls (virus transport

medium or water) were included in each run to exclude the

possibility of contamination.

Serological testing. IgG, IgA, and IgM antibodies against

C. pneumoniae were measured by an in-house microimmu-

nofluorescence method by means of purified, formalized ele-

mentary bodies, with strain K6 as antigen, as described else-

where [14]. Diagnosis was based on a 4-fold increase in titer

between paired serum samples or on the presence of IgM in

any serum sample. A commercial immunoassay (Labsystems

Oy) was also used for the detection of IgG and IgM antibodies

to C. pneumoniae, as described elsewhere [15, 16].

For the detection of IgM antibodies against M. pneumoniae,

the Platelia m-capture immunoassay (Sanofi Diagnostics Pas-

teur) was used. For the detection of IgG antibodies against M.

pneumoniae, the Platelia EIA was used. The results were ex-

pressed as positive or negative. In the case of a positive result,

the antibody titer was determined with a conventional com-

plement fixation test (Serion Immunodiagnostica). An increase

of �4-fold in antibody titer was considered an indicator of

recent infection in paired samples. Antibodies to S. pneumoniae

(pneumolysin and C-polysaccharide), Haemophilus influenzae,

and Moraxella catarrhalis were measured in paired serum sam-

ples by EIA, as described elsewhere [17].

Statistical analysis. The association of clinical signs and

symptoms and radiographic and laboratory findings with in-

fection due to different pathogens was examined. The features

considered included presence of chest pain and gastrointestinal

symptoms, vital signs, maximum temperature, auscultation

findings, presence of retractions, and oxygen saturation. Also

included were chest radiography findings, such as type of in-

filtrate (alveolar vs. interstitial), size (segmental vs. lobar), and

distribution (right vs. left), and presence of atelectasis or pleural

fluid; simple laboratory findings, such as WBC count, total

neutrophil count, C-reactive protein level, and erythrocyte sed-

imentation rate; duration of fever after admission; duration of

hospitalization; and antibiotic therapy. Information regarding

the patients’ characteristics was also examined to adjust for

potential confounding through regression models. Such char-

acteristics included demographic characteristics, duration of

fever and antibiotic use before admission, presence and du-

ration of cough and rhinitis, and history of asthma and bron-

chodilator use. Linear and logistic regression models were used

for symptoms that were examined through continuous and

binary variables, respectively. First, univariate regressions were

performed with RV alone, mycoplasma alone, S. pneumoniae

alone, any virus, any single pathogen, and mixed infection for

each symptom. Then, a multivariate analysis was performed

with all the variables that exhibited statistically significant effect

on that symptom. The level of significance was fixed at a p

. The statistical analysis was performed with the software5%

product S-Plus 2000 (MathSoft).

RESULTS

Infection with �1 pathogen. Infection with �1 pathogen

was documented in 58 (77%) of 75 patients. One or more

viruses was detected in 49 (65%) of 75 patients, whereas bac-

terial infection was documented in 30 (40%) of 75 patients
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Table 1. Infections caused by viruses and atypical bacteria
diagnosed in 75 children (age, 5–14 years) hospitalized with com-
munity-acquired pneumonia.

Pathogen No. (%) of patients

Viruses 49 (65)
Parainfluenza virus 6 (8)

Type 1 1
Type 2 4
Type 3 1

Adenovirus 9 (12)
Influenza virus 5 (7)

Subtype H1N1 3
Subtype H3N2 2

Respiratory syncytial virus 2 (3)
Human metapneumovirus 1 (1)
Human rhinovirus 34 (45)

Bacteria 30 (40)
Streptococcus pneumoniae 5 (7)
Mycoplasma pneumoniae 26 (35)
Chlamydia pneumoniae 2 (3)

Total diagnosed cases 58 (77)

(table 1). However, in the subgroup of cases in which paired

serum samples were available for bacterial serological testing,

infection with �1 microorganism was identified in 41 (91%)

of 45 cases.

Viral infections. Data on detection of different viruses in

nasopharyngeal washes by PCR are shown in table 1. For RV,

the results of single-round PCR were positive in 18 (24%) of

75 samples. The seminested PCR detected an additional 16

positive samples, bringing the total number of children infected

with RV to 34 (45%).

Bacterial infections. A total of 26 (35%) of 75 patients

were found to have M. pneumoniae infection by either PCR or

serological testing (table 1). In patients with paired serum sam-

ples available, M. pneumoniae infection was diagnosed in 21

(46%) of 45 by PCR and/or serological tests. PCR was the only

positive test result for 2 patients, both tests yielded positive

results for 7, and PCR results were negative for 12, with the

diagnosis based on the results of serological tests only. Among

the 19 patients who received a diagnosis via serological testing,

the presence of IgM antibodies was detected during the acute

phase of illness in 11 patients (58%). Of the other 30 patients,

M. pneumoniae infection was diagnosed in 5 with the use of

PCR or a single serum examination. Overall, the results of PCR

performed in all patients were positive for 11 (42%) of 26

patients with M. pneumoniae infection. Infection with C. pneu-

moniae was diagnosed serologically in 2 children; however, PCR

results were negative in all cases.

S. pneumoniae infection was detected in 5 (7%) of 75 pa-

tients. These included 3 patients who received a diagnosis only

serologically, 1 via positive blood culture and serological test

results, and 1 with a positive blood culture result for whom

paired serum samples were not available. Pneumococcal infec-

tion was diagnosed in 4 (9%) of 45 patients for whom paired

serum samples were available. H. influenzae and M. catarrhalis

antibodies were not detected in any of the patients.

Mixed infections. Mixed infections were documented in

26 (35%) of 75 patients. Infection with 2 pathogens was found

in 20 children and with 3 pathogens in 6 children. The majority

of these (21 [81%] of 26) were mixed viral-bacterial infections:

16 single-virus/single-bacterium combinations, 3 double-virus

with a bacterium, and 2 double-bacteria with a virus. The re-

maining cases were 3 double-virus infections, 1 triple-virus

infection, and 1 double-bacteria infection. The most common

combination, found in 13 cases, was that of RV and M. pneu-

moniae , as expected from their high frequencies in the sample.

Of the RV-positive patients, mixed infection was found in 20

(57%) of 35. Among bacterial infections, 21 (70%) of 30 were

mixed with viruses.

Association of infection due to different pathogens with

clinical and laboratory findings. Associations between clin-

ical signs and laboratory and radiographic findings with infec-

tion due to different agents were examined in regression mod-

els. No significant associations were found with respect to the

presence of RV, any virus, �1 pathogen, or S. pneumoniae.

Infections with multiple pathogens were associated with a lower

WBC count (mean difference, �5047 cells/mm3; 95% CI,

�9002 to �1092 cells/mm3; ) and more frequent lo-P ! .001

calization in the right hemithorax (OR, 1.7; 95% CI, 1.11–2.59;

). However, the former lost its significance after con-P p .01

trolling for the presence of M. pneumoniae. Infection with M.

pneumoniae was associated with a reduced maximum temper-

ature (mean difference, �0.4�C; 95% CI, �0.7�C to �0.1�C;

), lower WBC count (mean WBC count for those withP p .01

M. pneumoniae infection, 13,598 cells/mm3; mean WBC count

for those without M. pneumoniae infection, 19,860 cells/mm3;

mean difference, �7377 cells/mm3; 95% CI, �11,089 to �3664

cells/mm3; ), and a lower C-reactive protein level (meanP ! .001

level for those with M. pneumoniae infection, 60.4 mg/L; mean

level for those without M. pneumoniae infection, 128.6 mg/L;

mean log-transformed difference: �0.75 mg/L; 95% CI, �1.27

to �0.23 mg/L; ), all of which remained significantP p .005

after controlling for the presence of viruses in multivariate

models.

DISCUSSION

Several serological and molecular diagnostic techniques were

used in this study to thoroughly examine the etiology of CAP

in hospitalized school-age children. By means of these methods,

infection with 11 viruses and 5 bacteria was investigated, and

the presence of �1 of them was identified in 77% of the pa-
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tients. When paired serum samples were available for bacterial

antibody assays, the detection rate increased to 91%. These

figures are among the highest reported etiological rates; in pre-

vious studies, the rate has been 43%–85% [8, 18–23].

Viruses have been most commonly associated with CAP in

infants and younger children [2]. However, recent evidence

suggests that, when sensitive detection methods are used, the

prevalence of viral infections in older children with CAP is

higher than was previously thought [8]. In our cohort, ap-

proximately one-third of patients were found to be infected

with adenovirus, parainfluenza virus, influenza virus, RSV, or

human metapneumovirus. The small number of RSV infections

is of note and may be attributed to the older age (�5 years)

of our study population. A low prevalence of RSV infection

(5%–11.5%) has also been found in this age group in previous

studies [21–23]. In addition, by use of sensitive detection meth-

ods, the presence of RV was documented in almost one-half

of the patients, bringing the total proportion of cases with a

confirmed viral infection to 65%.

RV has long been considered to be a benign virus causing

mild upper respiratory tract infections. In recent years, both

experimental and clinical evidence has accumulated that RV

can infect the lower respiratory tract [24]. However, the role

of this virus in CAP has not been adequately characterized. We

have recently shown that RV can actually replicate in the higher

temperatures of the lower airways [25, 26] and is able to infect

cultured human bronchial epithelial cells and induce cytotox-

icity [26] and a local inflammatory response [27].

RV infection has been associated with disease exacerbation

in children with underlying pulmonary disease [28], as well as

serious lower respiratory tract infections in hospitalized indi-

viduals, a considerable proportion of whom were healthy in-

fants and children [29–32]. RV was also found to be only second

to RSV in prevalence in infants with bronchiolitis, and its pres-

ence was associated with more severe disease [7]. The advent

of sensitive PCR-based detection techniques may partly explain

the increasing recognition of the involvement of RV in respi-

ratory diseases [24]. Before the PCR era, RV was examined in

a small number of studies of childhood CAP and was identified

in 2%–12% of cases [18, 20]. More recently, RV was found in

25% of children with CAP with the use of 2 PCR assays [8].

Although the prevalence of RV in the asymptomatic population

was not formally assessed in this study, it has been shown to

be in the range of 6%–18% in previous studies that used PCR

[33, 34] (N. G. Papadopoulos, unpublished data). Furthermore,

we performed PCR for RV in 27 samples from children of the

same age group, without an obvious respiratory infection, col-

lected in our hospital during the same period of time and

retrieved from our sample bank. Only 1 (3.7%) of those was

found to yield a positive result, which is statistically significantly

less than the proportion identified in children with CAP

( , by x2 test).P p .0001

The most frequently identified bacterium in this cohort was

M. pneumoniae . The identification rate (34%) is among the

highest reported, which have ranged from 9% to �45% in

hospitalized or ambulatory children �5 years of age [3–5, 21–

23, 35]. Similar to another recent study [36], PCR was less

sensitive than serological testing for diagnosis of this infection.

Detection of IgM antibodies during the acute phase of illness

can be a useful tool for early diagnosis, because these antibodies

were present in 58% of M. pneumoniae–positive patients. The

use of a single positive IgM antibody titer for the diagnosis of

M. pneumoniae infection has been questioned because of low

specificity of the IgM response [37]. However, m-capture EIA-

Platelia has been shown to have an excellent specificity in the

diagnosis of acute M. pneumoniae infection [37, 38].

In contrast to M. pneumoniae infection, C. pneumoniae in-

fection was very rarely diagnosed in our patients, despite the

use of both PCR and 2 different serological testing methods.

Although high C. pneumoniae infection rates in persons with

CAP have been reported elsewhere in hospitalized and am-

bulatory patients [3–5, 21], it is likely that C. pneumoniae is

uncommon in childhood CAP in our settings, a finding in

agreement with a previous report from our area [39].

A high prevalence of infections with “atypical” bacteria has

also been found in adults hospitalized with CAP, often as part

of a mixed infection with common bacteria. The importance

of mixed infection is not clear, although several studies in adults

have shown a benefit of adding a macrolide to the therapeutic

regimen [40].

The prevalence of S. pneumoniae infection in our study could

be evaluated only in patients for which paired serum samples

were available, which is a weak point of the study. The rate of

pneumococcal infection in these patients was low (4 [9%] of

45), compared with previous studies that used serological test-

ing; the rate in these studies was 5%–33% among children aged

�5 years with CAP [8, 20–23]. In addition, PCR was not used

for detection of pneumococcus. A high rate of S. pneumoniae

infections (44%) was diagnosed in a recent study among chil-

dren with lower respiratory tract infection with the use of PCR

[41].

Mixed infections were very common (35%), the majority of

which were mixed viral-bacterial infections. These findings are

in accordance with recent studies suggesting that 11 micro-

organism may often contribute to the pathogenesis of pneu-

monia [8, 19–21]. The exact role of each of these pathogens

remains to be clarified. However, it has been speculated that

viruses may induce pneumonia, either directly or by rendering

the host more susceptible to bacterial infection. The high prev-

alence of viral infection as well as mixed viral-bacterial infection

found in our study suggests that this possibility may be
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the rule rather than the exception in the development of

pneumonia.

It has been previously shown that clinical, laboratory, and

radiographic findings are poor indicators of an etiological di-

agnosis in childhood pneumonia [3, 15]. This was also the case

in our study, in which correlation of patients’ symptoms and

findings with infection due to different agents revealed only a

few associations, mostly in relation to M. pneumoniae, with

limited clinical value.

The limitations of this study should be mentioned. As in

previous reports [3–5, 8, 18, 20, 23, 35], documentation of

infection in the upper respiratory tract does not necessarily

prove an etiological association with pneumonia. Although

thoracocentesis may provide more solid evidence of the local

presence of pathogens, it is an invasive procedure and carries

certain risks [42]. Second, year-to-year variations in the prev-

alence of different pathogens may affect their association with

CAP. Finally, the results reported herein cannot be extrapolated

to ambulatory children with CAP.

An extensive laboratory workup was undertaken to deter-

mine the etiology of pneumonia in this study. Presently, it is

unlikely that results of viral diagnosis would influence treatment

decisions if they were available to clinicians. Withholding an-

tibiotics would only be feasible if bacterial (mainly pneumo-

coccal) infection could be ruled out with certainty. Identifi-

cation of a viral infection does not rule out the coexistence of

a bacterium, because mixed infections are common. Deter-

mination of IgM antibodies to M. pneumoniae with m-capture

ELISA may be useful in the selection of antibiotic treatment,

because these antibodies are detected in a high proportion of

patients during the acute phase of illness.

In conclusion, the use of multiple assays, including PCR,

may increase sensitivity in documenting infection with different

pathogens in school-age children hospitalized with CAP. Vi-

ruses are commonly associated with CAP even in this age group,

with RV present in almost one-half of these patients. Although

it is possible that a viral infection may be an initial pathogenetic

event, or even a prerequisite, for the development of pneu-

monia, additional studies are required to look into the epi-

demiological and mechanistic aspects of this hypothesis.
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