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Objectives: To determine the prevalence of atypical pneumonia and clinical presentations in patients with
community acquired pneumonia (CAP).
Material and Method: A prospective multi-centered study was performed in patients aged > 2 years with the
diagnosis of CAP who were treated at seven governmental hospitals in Bangkok from December 2001 to
November 2002. The diagnosis of current infection was based on > 4 fold rise in antibody sera or persistently
high antibody titers together with the presence of DNA of M.pneumoniae or C.pneumoniae in respiratory
secretion or antigen of L. pneumophila in the urine. Clinical presentations were compared between patients
with atypical pneumonia and unspecified pneumonia.
Results: Of 292 patients, 18.8% had current infection with atypical respiratory pathogens (M. pneumoniae
14.0%, C.pneumoniae 3.4%, L.pneumophila 0.4% and mixed infection 1.0%). Only age at presentation was
significantly associated with atypical pneumonia in adults, while absence of dyspnea, lobar consolidation,
and age > 5 years were significant findings for atypical pneumonia in children.
Conclusion: The present study confirms the significance of atypical pathogens in adults and children. More-
over, lobar consolidation is likely to predict atypical pneumonia in childhood CAP.
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Atypical pathogens including Mycoplasma
pneumoniae, Chlamydophila pneumoniae, and
Legionella spp. are increasingly recognized as com-
mon causes of community acquired pneumonia
(CAP)(1). These agents have been reported to cause up

to 60% of etiology - proven CAP in adult patients(2). M.
pneumoniae and C. pneumoniae also play a more
significant role, than previously thought, as causes of
CAP in children of all ages(3-5). Moreover, co-infections
with other atypical pathogens and other bacteria
have been reported both in adults and in children with
CAP(5-7).

Although studies to determine the prevalence
and clinical presentations of respiratory tract infections
due to these pathogens especially M. pneumoniae and
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C. pneumoniae have been carried out in Southeast
Asia, most of them are serological studies(8-14). Sero-
logic diagnosis of these infections have significant
limitations in terms of cross reactivity, delayed or
abated antibody response and the inability to differen-
tiate current from previous infections especially when
only a single serum sample is available(5,15). Accurate
diagnosis requires a combination of serology and
polymerase chain reaction (PCR) assay or antigen
detection in respiratory secretions or urine, which is
not available in most health care settings(5,15,16). There-
fore, the authors still lack of good epidemiological data
on the frequency and clinical features of CAP due to
atypical pathogens in the region.

The present study was designed to determine
the prevalence of atypical respiratory pathogens in-
fection and their clinical presentations in patients with
CAP following the introduction of standardized diag-
nostic tests for nucleic acid antigen and antibody
detection of M. pneumoniae, C. pneumoniae, and L.
pneumophila.

Material and Method
This prospective multi-centered study was

conducted from December 2001 to November 2002 at 7
hospitals in Bangkok including, King Chulalongkorn
Memorial Hospital, Ramathibodi Hospital, Queen Sirikit
National Institute of Child Health, Rajavithi Hospital,
Vajira Hospital, Police General Hospital and Bhumibol
Adulyadej Hospital. The study design was approved
by the Research Review Board and Ethics Committee
of each hospital. Written inform consent was obtained
from all patients or their legal representatives in the
case of children (< 15 years of age) before the study
enrollment.

Patients
Both outpatients and hospitalized patients

aged > 2 years with clinical and radiological diagnosis
of CAP were recruited in the present study. CAP was
defined as the presence of 3 or more of the following
symptoms and signs: cough, acute change in the quality
of sputum, documented fever or hypothermia within
the preceding 24 hours, rales or evidence of pulmonary
consolidation, leukocytosis or malaise, and myalgia
or gastrointestinal symptoms, accompanied by new
infiltrates or consolidation on chest X-ray that could
not be attributed to other etiologies. The patients with
evidence or history of tuberculosis, nosocomial pneu-
monia, lung cancer, aspiration pneumonia, or bron-
chiectasis were excluded from the present study. Those

HIV- positive or who had been hospitalized within 2
weeks prior to consultation were also excluded.

Laboratory tests
All laboratory tests were done at the Clinical

Immunology Laboratory, Department of Pathology,
Faculty of Medicine, Ramathibodi Hospital. To ensure
that all centers used the standardized protocol for
specimen collection, a training workshop was carried
out before the start of the present study. A courier
service was hired to transport the specimens once they
could be collected. An External Quality Assurance
System program was carried out twice during the
present study to assess the competency of laboratory
in chlamydophila microimmunofluorescence (MIF)
serology and PCR assays. Acute and convalescent
(2-4 weeks apart) sera were collected aseptically for
serologic testing. Throat swabs, sputum, nasopharyn-
geal aspirate, bronchoalveolar lavage, or sample of
pleural fluid were collected for PCR analysis.

Specific antibodies to M. pneumoniae were
measured using a particle agglutination test (Serodia
Myco II, Fujirebrio, Japan), while antichlamydial anti-
bodies were measured using a modified MIF test
(Focus Technologies, USA). Legionella antibodies were
detected by an indirect immunofluorescence antibody
test (MarDx Diagnostics Inc, USA) for IgG antibodies
to L. pneumophila serogroup 1-7. For the qualitative
detection of L. pneumophila serogroup 1 soluble anti-
gens in urine, specimens were tested by a microtiter
enzyme-linked immunosorbent assay (EIA) (Biotest
Legionella Urine Antigen EIA, Biotest AG, Dreieich,
Germany). Test for Legionella infection were carried
out only in adult patients.

PCR assays for detection of M. pneumoniae
and C. pneumoniae nucleic acids were performed
with primers targeting the p1 adhesin gene of M. pneu-
moniae(17) and 16 S rRNA gene of C. pneumoniae(18).
The presence of PCR products of 209 bp size or 463 bp
size on gel electrophoresis was considered indicative
of infection with M. pneumoniae or C. pneumoniae
respectively.

Establishment of infection due to atypical pathogens
Current infection with M. pneumoniae, C.

pneumoniae, or L. pneumophila was based on 4- fold
or greater rise in antibody titers between paired acute
and convalescent sera. Results of single serum samples
were excluded from the analysis. In cases with high
antibody titers (IgG) in both serum samples (> 1:160
for M. pneumoniae, > 1:512 for C. pneumoniae and >
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1:256 for L. pneumophila), the presence of positive
PCR for M. pneumoniae or C. pneumoniae in respira-
tory secretions, or the presence of legionella antigen
in urine was also considered as current infection. The
presence of positive PCR for M. pneumoniae or C.
pneumoniae in the absence of a positive serologic
response was interpreted as possible carriage.

Data analysis
Chi-square or Fischer’s exact test was used to

determine the significance of difference in proportions
between groups. Student’s t-test was used to compare
continuous variables. A p-value of less than 0.05 was
considered to indicate statistical significance.

Results
Patient characteristics

Paired sera could be obtained from 292 cases
(245 children, 47 adults) of the 319 patients with a diag-
nosis of CAP that were initially included in the present
study (257 children < 15 years old, 62 adults > 15 years

old). Failure to obtain paired serum specimens was
mainly due to the loss of follow up or those suspected
to have tuberculosis or aspiration pneumonia. The
demographic data and clinical status at baseline of
the 292 patients are summarized in Table 1. Most of
the patients were hospitalized. Only 1.2% of pediatric
patients and 10.6% of adults required treatment in the
ICU. All of them had underlying diseases e.g. asthma,
chronic obstructive lung disease (COPD), diabetes
mellitus, hypertension, SLE.

Current infection due to atypical pathogens
On the basis of 4 fold or greater rise in anti-

body titers between acute and convalescent sera,
current infection rate of all atypical pathogens among
the 292 patients was 13.7% (Table 2). When positive
results of PCR or EIA were added to the serology
results, the overall current infection rate increased to
18.8%. Rate of infection due to M. pneumoniae and
C. pneumoniae were 14.0% and 3.4% respectively.
Since children in the present study were not screened

Table 1. Demographic data of patients with community-acquired pneumonia

Variables Pediatric patients  Adult patients
    n = 245 (%)     n = 47 (%)

Male/Female 135/110 22/25
Age, n (range) 181 (2-5 years) 15 (16-30 years)

  64 (6-15 years) 16 (31-60 years)
  16 (> 60 years)

Outpatient   43 (17.6) 15 (31.9)
Inpatient (open ward) 199 (81.2) 27 (57.5)
Intensive care unit     3 (1.2)   5 (10.6)

Table 2. Rate of current infection with atypical respiratory pathogens in patients with CAP

Pediatric patients (n = 245) Adult patients (n = 47) Total (n = 292)
Etiologic agent

  4 fold 4 fold rising &   4 fold    4 fold rising &  4 fold    4 fold rising &
  rising   PCR1 + high   rising PCR1 / EIA2+ high  rising PCR1 / EIA2+ high

    antibody        antibody        antibody

M. pneumoniae (%)  23 (9.4)     35 (14.3) 6 (12.8)          6 (12.8) 29 (9.9)        41 (14.0)
C. pneumoniae (%)    4 (1.6)       7 (2.9) 3 (6.4)          3 (6.4)   7 (2.4)        10 (3.4)
L. pneumoniae (%)    ND3       ND3 1 (2.1)a          1 (2.1)a   1 (2.1)a          1 (2.1)a

Mixed infection (%)    1 (0.4)*       1 (0.4)* 2 (4.2)**          2 (4.2)**   3 (1.0)          3 (1.0)

Total (%)  28 (11.4)     43 (17.6) 12 (25.5)        12 (25.5) 40 (13.7)        55 (18.8)

1 = Polymerase chain reaction  2 = Enzyme-linked immunosorbent assay  3 = Not done  a n = 47,
* C. pneumoniae + M. pneumoniae,
** C. pneumoniae + M. pneumoniae; C. pneumoniae + L. pneumoniae
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for L. pneumophila, the figure of infection with L.
pneumophila (2.1%) was derived only from adult
patients.

M. pneumoniae was the most common atypi-
cal pathogen with comparable prevalence in adults
and children while the infection rate of C. pneumoniae
was higher in adult patients (6.4% vs 2.9%). Two adult
patients who were admitted to the ICU had current
infection with C. pneumoniae. Both of them were over
70 years old and had underlying diseases (stroke and
hypertension).

Mixed infections were found in three patients.
Two cases (1 pediatric and 1 adult patient) had con-
current infections with M. pneumoniae and C. pneu-
moniae, another patient was infected with C. pneumo-
niae and L. pneumophila. None of the patients with
mixed infections needed ICU treatment. CAP associated
with atypical pathogens infection occurred through-
out the study period. No definite seasonal preference
was noted (Fig. 1).

Clinical presentations
The clinical presentations and co-morbidities

of CAP with atypical pathogens infection were com-
pared with those of CAP with unspecified etiology
(Table 3). The age at presentation was significantly

associated with atypical pathogens infection in adults
and pediatric patients. Sixty percent of the patients
infected with atypical pathogens were 5-35 years of age
(33/55 cases). Symptoms and signs of CAP with atypi-
cal respiratory pathogens infection were not signifi-
cantly different from the the CAP of other etiologies in
adult patients. However, children with infection due to
atypical pathogens had less dyspnea than children with
CAP of unspecified etiology (65.1% vs 79.2%; p = 0.04).

Lobar consolidation was the only chest X-
ray finding that associated significantly with atypical
pneumonia in children (13.9% vs 1.5%; p = 0.001). Its
presence could predict atypical pathogen infection in
childhood CAP with 13.9% sensitivity, 98.5% speci-
ficity and 83.7% accuracy. Twenty-five percent (3/12
cases) of adult patients with atypical pneumonia had
lobar consolidation but was not significantly different
from unspecified CAP. Peripheral white blood cell
count was not significantly different between the two
groups of pneumonia.

Concerning L. pneumophila infection, only
two cases (2.1%) of the presented adult patients had
infection due to this pathogen. Both of them presented
with fever, productive cough, dyspnea and lobar con-
solidation or patchy infiltration on chest X-ray. None
of them needed ICU treatment.

Fig. 1 Monthly distribution of atypical pneumonia and unspecified pneumonia
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Discussion
The present study detected atypical patho-

gens including M. pneumoniae, C. pneumoniae, and
L. pneumophila in 18.8% of patients > 2 years of age
with CAP. This infection rate was comparable to pre-
vious reports(7,8,19,20). The use of direct antigen and DNA
tests combined with the results of serologic tests on
paired sera in the present study had shown to increase
the diagnostic yield from 13.7% on serologic basis to
18.8%. This finding confirmed the previous studies on
the diagnostic utility and significance of PCR assay
and EIA for atypical respiratory pathogens (16-18). More-
over, the collection of paired sera from 95.3% (245/257
cases) of the presented pediatric patients and 75.8%
(47/62 cases) of adult patients, much higher than pre-
vious reports, helped increase the reliability of the
obtained data.

The major limitation of the present study in
determining the causative role of the three atypical
pathogens in CAP was the lack of etiologic identifica-

tion for other bacterial and viral pathogens. However,
evidence of current infection with the atypical patho-
gen in a patient with acute pneumonia could not rule
out its causative role either as a sole pathogen or as
part of mixed infections with other unidentified patho-
gens. Treatment with specific antibiotics for this atypi-
cal pathogen should be also considered.

Despite limitations, the results of this pro-
spective multi-centered study illustrate the importance
of atypical respiratory pathogens as the etiology of
CAP both in adults and in children. The percentage
of CAP cases attributed to M. pneumoniae and C.
pneumoniae in a Thai population was similar to that
recently reported by Schneeberger PM in which the
same laboratory diagnostic criteria were used(19). More-
over, the authors found an age-dependent increase in
the occurrence of M. pneumoniae and C. pneumoniae
infection in children with CAP as has been observed
in a previous report(3). On the contrary, the current
infection rate of atypical pathogens decreased with

Table 3. Comparison of atypical pneumonia and unspecified pneumonia

Pediatric CAP (245) Adult CAP (47)
Characteristics

  Atypical Unspecified    Atypical   Unspecified
   (n = 43)   (n = 202)    (n = 12)       (n = 35)

Male:Female  27:16 108:94      6:6    16:19
Mean age (yrs) + SD 6.4 + 3.6*  4.4 + 2.8* 36.8 + 22.3*** 51.5 + 18.6***
ICU admission (%)    0     3 (1.5)      2 (16.7)      3 (8.6)
Symptoms & signs(%):

- Cough  43 (100) 202 (100)    12 (100)    35 (100)
- Fever  41 (95.3) 198 (98.0)    11 (91.7)    34 (97.1)
- Chill  12 (27.9)   32 (15.8)      4 (33.3)    12 (34.3)
- Chest pain    7 (16.3)   14 (6.9)      6 (50.0)    14 (40.0)
- Dyspnea  28 (65.1)** 160 (79.2)**      8 (66.7)    30 (85.7)
- Malaise  21 (48.8)   92 (45.5)      7 (58.3)    25 (71.4)
- Myalgia    8 (18.6)   24 (11.9)      5 (41.7)    15 (42.9)
- Diarrhea    5 (11.6)   31 (15.3)      2 (16.7)      2 (5.7)
- Wheezing    7 (16.3)   48 (23.8)      2 (16.7)      5 (14.3)
- Rales  39 (90.7) 182 (90.1)    10 (83.3)    33 (94.3)
- Rhonchi  18 (41.9)   99 (49.0)      1 (8.3)      7 (20.0)
- Bronchial breath sound    3 (7.0)     7 (3.5)      0 (0)      1 (2.9)

Co-morbidity(%):
- Asthma    9 (20.9)   42 (20.8)      2 (16.7)      2 (5.7)
- COPD    0 (0)     0 (0)      2 (16.7)      3 (8.6)
- DM    0 (0)     0 (0)      2 (16.7)      6 (17.1)
- Hepatic failure    0 (0)     1 (0.5)      0 (0)      0 (0)
- Renal failure    1 (2.3)     0 (0)      2 (16.7)      2 (5.7)
- Previous antibiotics  35 (81.4) 154 (76.2)    11 (91.7)    21 (60.0)

* p-value = 0.001  ** p-value = 0.04  *** p-value = 0.02
(Statistical analysis by Chi-square or Fisher exact & Student - t-test)
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increasing age among adult patients, which was the
same as found in other studies(21,22).

M. pneumoniae has been reported to account
for 6-40% in childhood CAP(3,14,20) and 1.9% to over
30% in adult patients(7,12,14,15). However, M. pneumoniae
attributed to the comparable percentage in childhood
(14.3%) and adult CAP (12.8%) in the present study.

In most of the previous studies, C. pneumo-
niae was the leading cause of atypical pneumonia in
adults(7,21,22). Wattanathum, et al found that C. pneumo-
niae was responsible for 36.7% of adult outpatients
and 16.3% of inpatients with CAP in Thailand(12). In
children, C. pneumoniae was also a common cause of
atypical pneumonia with a higher infection rate among
those > 10 years of age(4,5,20). Although there is limited
data on the prevalence of C. pneumoniae infection in
CAP among children in this region, a recent study of
Likitnukul et al demonstrated high percentage of
C. pneumoniae infection (39.2-57.0%) in children with
CAP of all age groups including young infants under
6 months(13). The lower prevalence of C. pneumoniae
in the presented patients may be due to different labo-
ratory methods and diagnostic criteria.

In the present study, L. pneumophila was
found only in two cases. Therefore, the authors postu-
late that this pathogen is not a common cause of CAP
in Thailand.

Concerning clinical presentations, although
recent studies suggested that some underlying diseases
and acute phase reactants might predict CAP caused
by atypical pathogens(23,24), many reports have shown
that CAP caused by atypical pathogens cannot be
differentiated from other bacterial pneumonia(7,25).
The results of the present study are similar to previous
reports. The authors found no clinical difference
between CAP due to atypical pathogens and CAP of
unspecified etiology except for the age at presentation
both in adult and pediatric patients. The presence of
dyspnea is less likely found in childhood CAP caused
by atypical pathogen.

From previous reports, the role of white blood
cell count in differentiation between bacterial pneumo-
nia and atypical pneumonia, was inconclusive(3,24,25).
The present study supports that white blood cell count
cannot differentiate the etiologic agents of CAP both
in adult and pediatric patients. Lobar consolidation
and interstitial infiltration on chest X- ray have been
described as significant predictors of C. pneumoniae
in adults(24). However, the present study demonstrated
that lobar consolidation could differentiate CAP asso-
ciated with atypical pathogens including C. pneumo-

niae from other CAP, only in pediatric patients, but
not in adults. This might be due to the small sample
size of the adult patients.

Conclusion
The prevalence of current infection due to

atypical pathogens in patients with community-
acquired pneumonia in the present study is 18.8%,
which is similar to that observed in many western
countries. M. pneumoniae is the most common patho-
gen, followed by C. pneumoniae. Age at onset between
5-35 years is significantly associated with atypical
pneumonia. Neither clinical presentation nor chest X-
ray finding can predict respiratory atypical pathogen
infections in adults while less dyspnea and lobar con-
solidation are significantly associated with atypical
pneumonia in children. The present study confirms
the increasing significance of atypical pathogens in
CAP of all age groups. This supports the empirical use
of antibiotics for treatment of atypical pathogens in
certain age groups of patients with CAP.
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ความชุกและลักษณะทางคลนิิกของการติดเช้ือ atypical pathogens ในโรคปอดบวม

นวลจันทร์  ปราบพาล, สุภรี  สุวรรณจูฑะ, ปวิณ  ดุรงคเวโรจน์, สรศักดิ์  โล่จินดารัตน์, มงคล  คุณากร,
จติลัดดา  ดีโรจนวงศ,์ ธรีชัย  ฉนัทโรจนศริิ, ยิง่ศกัดิ ์ ศภุนติยานนท,์ พิศษิฐ ์ เจนดษิฐการ

วัตถุประสงค์: เพื่อศึกษาหาความชุกและลักษณะทางคลินิกของการติดเชื้อ atypical pathogens ในผู้ป่วยเด็กอายุ
ตั้งแต่ 2 ปี และผู้ใหญ่โรคปอดบวมซึ่งรับการรักษาที่โรงพยาบาล 7 แห่งในกรุงเทพมหานคร โดยใช้เทคนิคการตรวจ
ทางห้องปฎิบัติการ และเกณฑ์การวินิจฉัยที่ได้มาตรฐานสากล
วัสดุและวธิกีาร: ตรวจหาระดบัแอนตบิอดีในซีรัม 2 คร้ังหา่งกนั 2 สัปดาห ์และตรวจหาDNA ของ M. pneumoniae,
C. pneumoniae ในสารคดัหลัง่จากทางเดนิหายใจของผูป่้วยทกุราย และแอนตเิจน ของ L. pneumophila ในปสัสาวะ
ของผูป่้วยผูใ้หญป่อดบวม ถ้าระดบัแอนตบิอดีเพิม่เป็น 4 เทา่ หรือ ระดบัสูงตอ่เน่ือง ร่วมกบัผลการตรวจหาแอนตเิจน
ให้ผลบวกจะได้รับการวินิจฉัยว่ากำลังมีการติดเชื้อ atypical pathogens แล้วนำลักษณะทางคลินิกของกลุ่มนี้
เปรียบเทียบกับกลุ่มที่ให้ผลลบ
ผลการศกึษา: จากผู้ป่วย 292 ราย ร้อยละ18.8 มีการติดเชื้อ atypical pathogens เป็น M.pneumoniae ร้อยละ
14.0, C. pneumoniae ร้อยละ 3.4, L. pneumophila ร้อยละ 0.4 และ mixed infections ร้อยละ 1.0 อาย ุ> 5 ปี,
การที่ไม่มีอาการหายใจลำบาก และ lobar consolidationในภาพรังสีปอดสัมพันธ์กับการติดเชื้อ atypical patho-
gens ในเด็กอย่างมีนัยสำคัญทางสถิติ แต่อายุน้อยเป็นลักษณะเดียวที่สัมพันธ์กับการติดเชื้อในผู้ใหญ่
สรุป: การศึกษานี้แสดงว่าความชุกของการติดเชื้อatypical pathogens ในผู้ป่วยโรคปอดบวมเท่ากับร้อยละ 18.8
ลักษณะทางคลินิกแยกยากจากโรคปอดบวมจากเชื้ออื่น แต่พบ lobar consolidationในเด็กที่มีการติดเชื้อ atypical
pathogens มากกว่าผู้ป่วยเด็กที่ไม่มีการติดเชื้อเหล่านี้


