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Chlamydial pneumoniain children requiring hospitalization:

effect of mixed infection on clinical outcome
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The etiology of community-acquired pneumonia (CAP) in a children’s hospital was studied among 209 previously
healthy children treated from August 1, 2001 to July 31, 2002. A total of 26 children (12.4%) with a diagnosis of
chlamydial infection were included in this study. The diagnosis of chlamydial infection was based on either a
positive immunofluorescent assay result for chlamydial antigen in sputum, or positive serologic results for
immunoglobulin M (IgM), an IgG titer >1:640 or a 4-fold rise in IgG titer by microimmunofluorescence test. Fourteen
patients (53.8%) were female and 20 (76.9%) were less than 5 years of age. The onset of infection occurred
between August and January in 21 cases (80.7%). Twenty one patients (80.8%) had other pathogens identified.
Fever and cough were the most common presenting symptoms. The signs and symptoms were similar for the
children with and without coinfection except for tachypnea and wheezing sound, which were significantly more
common in patients with mixed infection. None of the laboratory parameters seemed to be specific for chlamydial
infection; however, serum C-reactive protein level was significantly higher in cases with mixed infection. Among
the 26 children, 12 (46.2%) needed respiratory therapy, and most of them (91.7%, 11/12) had coinfection. Two
patients (7.7 %) with mixed infection were admitted to the pediatric intensive care unit. One had lobar pneumonia
with pleural effusion and the other had necrotizing pneumonia requiring surgical intervention. None of the patients
died. In conclusion, Chlamydia sp. was identified in 12.4% of children with CAP in this series, and mixed infections
were common (80.8%) among these patients. The clinical course of chlamydial pneumonia was not serious in
most patients, but alertness is needed to the possibility of developing severe pneumonia in cases with bacterial

coinfection.
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Chlamydia pneumoniae, 1 of 3 species of the genus
Chlamydia, is an important cause of acute respiratory
tract infections (RTIs) as well as pneumonia. Previous
studies have suggested that approximately 50% of
adults worldwide have antibody to C. pneumoniae and
10% of cases of community-acquired pneumonia (CAP)
in adults are associated with C. pneumoniae infection
[1]. However, few data are available with regard to
C. pneumoniae in pediatric age groups [2,3].

Recent studies have shown that C. pneumoniae
seems to play a more significant role as a cause of
lower RTIsin children [4-6]. In previous studies, the
incidence of pneumonia due to C. pneumoniae among
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children ranged from 1-10%, and seroepidemiologic
investigations have shown that C. pneumoniae is a
common cause of RTIsin children between 5 and 15
yearsof age[1,7]. This pathogen also seemsto berelated
to wheezing and may play arole in the exacerbation of
childhood asthma [5,6,8,9]. Therefore, it is important
to clarify theclinical presentations of children with CAP
due to C. pneumoniae.

Recently, the etiology of CAP in 209 hospitalized
children was prospectively investigated in our
hospital and revealed that Streptococcus pneumoniae,
Mycoplasma pneumoniae, and viruses were equally
common etiologic agents [10]. Coinfections (40.7%,
85/209) were frequently seen. Detailed etiologic agents
of CAP in these 209 children will be discussed
elsewhere. The aim of this study was to delineate the
role of chlamydial infection in children with CAP
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using both serologic tests and direct antigen detection
methods. In this investigation, mixed infection was
extraordinarily common in children with chlamydial
pneumonia and significantly associated with the
clinical outcomes. However, few studies[11,12] related
to this subject have been reported before and it is thus
interesting to delineate and compare the manifestations
of patients with and without mixed infection.

Materialsand M ethods

Study population and diagnostic methods

The etiology of previously healthy children aged
between 3 months and 18 years who were admitted
to Chang Gung Children’s Hospital due to CAP from
August 1, 2001 to July 31, 2002 was investigated.
Pneumonia was defined as the combination of
acute respiratory symptoms and infiltrates on chest
radiographs which were interpreted by attending
physicians and radiologists. A total of 209 patients,
102 males and 107 females, were included. The median
age of the patientswas 4 years 3 months (range, 7 months
to 16 years 7 months). Table 1 shows the methods
used for etiologic investigations [7,13-16].

Chlamydial etiology of pneumoniawas determined
by antigen detection and serologic methods. Chlamydial
antigen detection in sputum was performed by immuno-
fluorescent assay (IFA), and antibody response to C.
pneumoniae in serum was measured by microimmuno-
fluorescence (MIF; Virion, Switzerland) [7,15]. The
criteria for acute chlamydial infection were either
positive sputum antigen, a 4-fold or higher rise in
immunoglobulin G (1gG) titers, asingle positive IgM
result in serum, or an 1gG titer >1:640. Sputum antigen
detection was done in 166 patients (79.4%) and the
results were positive in 14 cases. For serum antibody
response measurements, paired sera were collected in

122 cases (58.4%) and a single serum sample in 82
cases (39.2%). The results were positive in 13 patients,
including 1 patient whose sputum antigen was also
positive. Based on the data obtained from all tests, a
total of 26 children fulfilled the diagnostic criteriafor
chlamydial infection.

Statistical analysis

Data were analyzed with statistical package SPSS
system (version 10.0). Student’st test was used for
continuous variables analysis. A p value <0.05 was
considered statistically significant.

Results

Demogr aphic characteristics

Of the 26 patients with chlamydial infection, 14
(53.8%) were male and 12 were female. Their ages
ranged from 12 months to 14 years 4 months, with
a median of 3 years 6 months. Twenty patients
(76.9%) were aged between 1 and 5 years. The onset
of infections occurred between August and January in
21 patients (80.7%).

Twenty one patients (80.8%) had other pathogens
identified, including: M. pneumoniae in 6 patients;
S. pneumoniaein 4; virusin 3; and 2 or more pathogens
in 8 patients. The etiology of infections in the patients
isshown in Table 2.

Clinical manifestations

Table 3 summarizes the clinical signs and symptoms
of the study population at admission. Fever (100%)
and cough (100%) were the most common clinical
manifestations. The duration of fever before admission
ranged from 1 to 14 days, with a mean of 6.04 days
(median, 5 days). Excluding tachypnea and wheezing
sound, the signs and symptoms at enrollment were

Table 1. Diagnostic tests used in 209 children with community-acquired pneumonia

Organism Assay Reference(s)
Bacteria Cultures (blood, pleural effusion)

S. pneumoniae Urine S. pneumoniae antigen detection (Binax NOW test) [13]

M. pneumoniae ELISA [14]

C. pneumoniae

Sputum antigen detection (DFA)

Serum antibody response (MIF) [7,15]

Virus
Respiratory syncytial virus, parainfluenza
virus-1, -2, -3, adenovirus and influenza

viruses A and B Virus isolation

Sputum antigen detection (DFA)
Serum antibody response (CF) [16]

Abbreviations: ELISA = enzyme-linked immunosorbent assay; DFA = direct immunofluorescent assay; MIF = microimmunofluorescence;

CF = complement fixation
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Table 2. Etiology of community-acquired pneumonia due to
chlamydial infection in 26 children

Etiology No. (%)

Chlamydia sp. alone
Mixed infection 2
M. pneumoniae + Chlamydia sp.
S. pneumoniae + Chlamydia sp.
Virus + Chlamydia sp.
Influenza A + Chlamydia sp.

5 (19)
1
6
4
3
2
Adenovirus + Chlamydia sp. 1
8
2
1
1
1
1
1
1

(81)

23 infectious agents, Chlamydia sp. +
S. pneumoniae + M. pneumoniae
S. pneumoniae + parainfluenza-1
M. pneumoniae + adenovirus
M. pneumoniae + adenovirus + RSV
MRSA + parainfluenza-1
RSV + parainfluenza-2
RSV + adenovirus

Abbreviations: RSV = respiratory syncytial virus; MRSA =
methicillin-resistant Staphylococcus aureus

similar for children with and without other pathogen
coinfection. The duration of the illness and
hospitalization were somewhat longer for the children
with mixed infection but this difference was not
significant.

Laboratory findings

Leukocytosis (white blood cell count >15,000/mm?®)
was noted in 8 children (30.8%), with amean leukocyte
count of 11,053/mm?3. Thrombocytopenia (platelet
<100,000/mm?3) was only found in 1 child (3.8%), with
amean platelet count of 282,000/mm?e. Serum C-reactive
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protein (CRP) concentration [normal, <10 mg/L] was
elevated in 18 (88.5 %) cases. There was no significant
differencein total white blood cell counts, hemoglobin,
and platelet count between children with and without
coinfection. However, serum CRP concentration was
significantly higher in patients with mixed infection
(mean, 113.8 mg/L vs 46.9 mg/L; p=0.030). The most
common radiographic finding was alocalized segmental
infiltrate (17 patients [65.4%]). The laboratory data of
the patients are shown in Table 4.

Treatment and outcome

Antimicrobial treatment was given according to the
judgment of the attending physiciansin the absence of
serologic results. Eighteen children (69.2%) received a
macrolide (erythromycin, 17 children; azithromycin, 1
child) and 16 of them also received other antibiotics.
The other 8 children were treated with cefuroxime (in 2
children), penicillin (in 2), ampicillin (in 2), amoxicillin-
clavulanate (in 1), and combination antibiotic treatment
with vancomycin and ceftriaxone (in 1), respectively.
The mean duration of antibiotic therapy was 12.3
days, including erythromycin treatment, which had a
mean duration of 7.7 days. No significant difference
was noted in the duration of erythromycin or total
antibiotic treatment in children with and without
mixed infection.

Twelve patients (46.2%) needed respiratory therapy
such as oxygen hood or ventilator support, and most of
them (91.7%, 11/12) had other pathogen coinfection.
Two patients (7.7%) coinfected with M. pneumoniae

Table 3. Clinical signs and symptoms at admission in 26 children with chlamydial pneumonia

Characteristic Total (n = 26) Mixed infection (n = 21) Isolated infection (n = 5)
No. (%) No. (%) No. (%)

Fever 26 (100) 21 (100) 5 (100)

<5 days 8 (31) 8 (38) 0

=5 days 18 (69) 13 (62) 5 (100)
Cough 26 (100) 21 (100) 5 (100)
Rhinorrhea 16 (62) 13 (62) 3 (60)
Tachypnea 4 (15) 4 (19) 0
Wheeze 2 (8) 2 (10) 0
Rales 15 (58) 12 (57) 3 (60)
Rhonchi 7 (27) 6 (29) 1(20)
Diarrhea 1@ 0 0
Vomiting 4 (15) 3 (14) 1(20)
Abdominal pain 14 1(5) 0
Duration of illness (days) [mean * SDJ? 9.15+4.49 9.43+4.78 8.00 + 3.08
Duration of hospitalization (days) [mean + SDJ? 7.31 £4.91 7.76 £5.20 5.40 + 3.05

4p<0.05 was considered to be significant. No significant difference in duration of either the illness or hospitalization was found between

the 2 groups.
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Table 4. Laboratory findings at admission in children with chlamydial pneumonia

Total (n = 26)

Mixed infection (n = 21)

Isolated infection (n = 5)

Test No. (%) No. (%) No. (%) P
Leukocyte count (/mm?3)
Mean + SD 11,053 £ 5749 11,600 + 5868 8760 + 5,169 0.317
Range 2,300-24,400 2300-24,400 2600-16,100
Median 10,145 10,700 7000
<5000 4 (15) 3 (14) 1 (20)
5000-15,000 14 (54) 11 (52) 3 (60)
>15,000 8 (31) 7 (33) 1 (20)
Hemoglobin (g/dL)
Mean = SD 11.0+£1.3 109+1.3 11.3+14 0.616
Range 8.6-13.8 8.6-13.8 9.9-13.4
Platelet count (103/mm3)
Mean = SD 282 + 120 269 + 129 336 + 48 0.077
Range 84-676 84-676 290-403
<100 1 1 0
>100 25 20 5
C-reactive protein (mg/L)
Mean + SD 100.9 £ 89.7 113.8 £ 93.8 46.9 £ 42.2 0.030
Range 2.0-351.7 2.0-351.7 2.0-92.8
<10 3(12) 1 (5) 2 (40)
10-40 5 (19) 5 (24) 0
>40 18 (69) 15 (71) 3 (60)

Abbreviation: SD = standard deviation
4p<0.05 was considered to be significant.

and methicillin-resistant S. aureus (MRSA) respectively,
were admitted to the pediatric intensive care unit
(PICU). The patient coinfected with M. pneumoniae
had lobar pneumonia with pleural effusion, and the
other patient coinfected with MRSA had necrotizing
pneumoniarequiring surgical intervention. None of the
patients died.

Discussion

This study found that most children (76.9%, 20/26) with
chlamydial pneumoniawere between 1 and 5 yearsold,
which is not in agreement with previous investigations
[1,2,8,17]. A seroepidemiologic study from the
United States by Kuo et a found that antibodies to C.
pneumoniae were frequently (78.4%) present in children
5t0 14 yearsold [17]. The cause of thisdiscrepancy in
age distribution is not clear. Previous studies found that
most children younger than 5 years of age had not
devel oped antibodies detectable by MIF test [8,18], and
some C. pneumoniae infections, especially in young
children, were missed if MIF test alone was used for
the diagnosis of chlamydial pneumonia. In this study,
most C. pneumoniae infections were diagnosed by
a positive result of chlamydial antigen in patients
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younger than 5 years of age (14/20, 70%) and may cause
this discrepancy.

The importance of mixed infections in chlamydial
pneumonia has not previously been emphasized. In
areview of 8 studies of CAP by Kauppinen and
Saikku [11], atotal of 176 cases of C. pneumoniae were
analyzed, of which 68 (39%) represented pneumonia
with more than 1 apparent etiology, and the most
common associated organism was S. pneumoniae. Most
of our patients (80.8%, 21/26) had coinfection with
pathogens other than Chlamydia sp. and the most
common were M. pneumoniae and S. pneumoniae.
Upper RTI caused by C. pneumoniae may pave the way
for invasion by other bacteria, such as M. pneumoniae
or S. pneumoniae [11]. Therefore, the symptoms and
signsof patientswith C. pneumoniae pneumonia should
be evaluated more carefully since the clinical pictures
may just reflect the manifestations due to the associated
pathogen rather than C. pneumoniae itself.

No sign or symptom appears to be unique for
pneumoniacaused by C. pneumoniae. File et al analyzed
the characteristics of 26 patients with pneumonia due
to isolated C. pneumoniae and found that the illness
was mild, associated with limited temperature €l evation,
and nonspecific [19]. In addition, they found that



non-productive cough was common and fever was
usually low grade. In contrast, pneumoniain patients
with mixed infectionsis relatively severe. The cough is
productive (with purulent sputum), the onset is acute
and severe, usually requiring hospitalization, and
leukocytosisis common [11]. In the present study, only
increased rate of occurrence of tachypnea and higher
level of serum CRP were significantly noted in patients
with mixed infection. Thus, diagnosis of C. pneumoniae
pneumonia on the basis of clinical parameters alone is
difficult in patients with mixed infection.

Laboratory diagnosis of C. pneumoniae infection
is based on isolation of the agent in cell culture,
direct antigen detection, or the detection of a specific
serum antibody response by the MIF test, which can
differentiate C. pneumoniae from another 2 species
(C. trachomatis, C. psittaci). To date, use of MIF
serology with C. pneumoniae antigen has provided the
most sensitive and specific method for diagnosis of acute
C. pneumoniae infection [7,15]. In contrast to the MIF
test, the complement fixation test, which detects
antibodies against chlamydial lipopolysaccharide, is
also widely available but is unable to distinguish the 3
chlamydial species[17]. Antigen detection by enzyme-
linked immunosorbent assay (ELISA) method, using
genus-specific antibody that is commonly used for C.
trachomatis, shows poor sensitivity and is not widely
used for diagnosis of C. pneumoniae infection [17]. In
this study, we also used antigen detection test by 1FA
as a diagnostic tool. Although the antigen detection
test cannot differentiate the 3 species of the genus
Chlamydia, all 14 patients in this study who had a
positive result of antigen detection were considered to
have C. pneumoniae infection since C. trachomatis
infection is rare among patients with their age
distribution, which was between 12 monthsand 14 years
4 months.

Very little data on the effectiveness of different
therapies for C. pneumoniae pneumonia are available
[20]. Theinfections have aremarkable tendency to recur
[21], and this pathogen may pave the way for invasion
by other bacteria, leading to a severe bacterial
pneumonia [11]. Recent studies have also shown that
C. pneumoniae is associated with the initiation and
promotion of asthma [5,6,9]. A complete course of
effective antibiotic treatment therefore seems to be
indicated. C. pneumoniae is susceptible to macrolides
and the recommended regimen is erythromycin or
clarithromycin administered for 10 daysto 2 weeks[2,
22]. Several studies also showed that in the case of
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C. pneumoniae infections, the use of a macrolide is
associated with better clinical outcomes compared
with the use of other antibiotics [23,24].

In this series, most (69.2%) of the patients were
treated with macrolides, but the mean duration of
erythromycin treatment was | ess than the recommended
treatment course (7.7 vs 10-14 days). Although there
was no significant difference in the extent of clinical
improvement between children receiving macrolides
and those not receiving macrolides, whether there was
no difference in long-term clinical outcomes and rates
of recurrence between these 2 groups remains unclear.
Further long-term follow-up studies are needed. All
of the patients treated with antibiotics but not with
macrolides had other pathogen coinfection and a
satisfactory outcome. Most (91.7%) of the patients
treated with respiratory therapy such as oxygen hood or
ventilator support also had other pathogen coinfection,
and both of the patients admitted to PICU for intensive
care had mixed infection. These findings suggest
that the clinical outcomes may have been more closely
related to the presence of mixed infections, or to having
received appropriate treatment.

In conclusion, C. pneumoniae is not infrequent
and plays an important role in acute lower RTIs in
children. Mixed infection is very common in patients
with C. pneumoniae pneumonia. It is difficult to
differentiate C. pneumoniae pneumoniafrom pneumonia
of other etiologies on the basis of clinical parameters
aone, and the diagnosis must be based on laboratory
tests. Patients with other pathogen coinfection may have
amore severeillness and thus aworse clinical outcome.
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