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Background. Legionella species, Mycoplasma pneumoniae, and Chlamydia pneumoniae are recognized as im-
portant causes of pneumonia in high-income countries, but their significance in middle-income countries, such
as Thailand, is unknown.

Methods. Population-based surveillance identified inpatient 3489 cases of clinically-defined pneumonia in a
rural Thai province for 1 year. Patients who had a chest radiograph performed (for 2059 cases of pneumonia)
were enrolled in an etiology study (which included 755 cases of pneumonia among 738 patients). Paired serum,
nasopharyngeal swab, and urine specimens were obtained for diagnostic immunologic and molecular tests. Patients
aged <18 years were not systematically tested for Legionella species. We report a lower limit of incidence (observed
incidence) and an upper limit extrapolated to persons not tested or not enrolled in the study.

Results. The incidence of pneumonia due to Legionella longbeachae requiring hospitalization was 5-29 cases
per 100,000 population. No case of Legionella pneumophila pneumonia was observed. The definite C. pneumoniae
pneumonia incidence was 3-23 cases per 100,000 population; rates were highest among patients aged <1 year (18—
166 cases per 100,000 population) and those aged =70 years (23-201 cases per 100,000 population). M. pneumoniae
pneumonia had a similar age distribution, with an overall incidence of 6-44 cases per 100,000 population. These
pathogens were associated with 15% of all cases of pneumonia. A nonsignificantly higher proportion of patients
with pneumonia associated with L. longbeachae, compared with patients with pneumonia associated with M.
pneumoniae or C. pneumoniae, required supplemental oxygen or mechanical ventilation (45% vs. 18%; P<.1).
Among patients with atypical pneumonia, only 15% received antibiotics with activity against the associated
pathogen.

Conclusion. M. pneumoniae, C. pneumoniae, and L. longbeachae, but not L. pneumophila, are frequently as-
sociated with severe pneumonia in rural Thailand. Few patients receive antibiotics that cover atypical pathogens.

Pneumonia remains a leading cause of death world- ratory infections cause nearly 4 million deaths per year,

wide, especially among children and older persons. The a rate of >60 deaths per 100,000 population [1]. Among
World Health Organization estimates that lower respi-  children aged <5 years, pneumonia is responsible for
10%-25% of all deaths in developing countries [2].

Accurate estimates of the incidence of specific pneu-
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ties, and developing evidence-based standards for treat-
ment. In high-income countries, recommendations for
empirical antibiotic therapy are based on relative fre-
quencies of individual pneumonia pathogens, as well
as considerations of severity of illness, resistance pat-
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terns, and comorbid conditions [3]. Because pathogen prob-
abilities vary across populations, regional data are needed, es-
pecially in understudied middle- and low-income countries,
where the burden of pneumonia is high and diagnostic testing
may be less readily available. Incidence data are additionally
important for establishing a baseline for the burden of respi-
ratory illness—a necessary first step in detecting departures
from baseline that are attributable to emergent disease.

The present study provides some of the first population-
based estimates of the incidence of severe pneumonia due to
atypical respiratory pathogens (Legionella species, Mycoplasma
pneumoniae, and Chlamydia pneumoniae) in Southeast Asia.
Although these pathogens are increasingly recognized as im-
portant causes of pneumonia in other parts of the world, their
significance in Thailand has not been well described. To esti-
mate disease incidence, we conducted active, population-based
surveillance for adult and pediatric inpatient cases of pneu-
monia in Sa Kaeo, a rural province in Thailand, and performed
immunologic and molecular diagnostic testing for enrolled pa-
tients over a 1-year period.

METHODS

Case definition for severe clinical pneumonia. A patient with
severe clinical pneumonia was defined as any person admitted
to a study hospital who met the following 3 criteria: (1) resi-
dency in Sa Kaeo province (population, 438,557), (2) at least
1 sign of acute infection at hospital admission (self-reported
history of fever or chills, documented temperature >38.2°C or
<35.5°C, WBC count >11 or <3 X10? cells/mm?, or abnormal
WBC differential as defined by the clinical laboratory), and (3)
at least 1 sign or symptom of respiratory disease at hospital
admission (abnormal breath sounds, cough, sputum produc-
tion, hemoptysis, dyspnea, or chest pain). Patients who were
readmitted to a study hospital within 14 days after hospital
discharge were classified as having a single episode of pneu-
monia, and patients who were readmitted to the hospital =14
days after hospital discharge were classified as having recurrent
pneumonia.

Surveillance. Active, population-based surveillance began
in September 2002 and is ongoing in all Sa Kaeo hospitals (6
district hospitals, 1 large provincial hospital, and 1 military
hospital). Inpatients who receive a diagnosis related to pneu-
monia are identified by daily review of admissions records, and
a standardized case report form is completed for those who
meet the case definition for severe clinical pneumonia [4]. A
2002 community survey confirmed that 80% of Sa Kaeo res-
idents with symptoms of pneumonia sought hospital-based
care; among those who sought hospital-based care, 98% did so
at 1 of the 8 Sa Kaeo hospitals [4].

Etiology study. From 1 September 2003 through 31 August
2004, patients with severe clinical pneumonia who had a chest

radiograph performed (at the treating physician’s discretion)
were invited to participate in an etiology study. After informed
consent was obtained, study nurses collected acute serum, na-
sopharyngeal swab, and urine specimens from patients within
48 h after hospital admission. Convalescent serum specimens
were collected 3 weeks later. This study was approved by the
ethical review committee of the Thailand Ministry of Health
and the institutional review board of the Centers for Disease
Control and Prevention.

Laboratory methods. M. pneumoniae combined IgG and
IgM titers were assessed using the M. prneumoniae 1gG/IgM
Antibody Test System (Remel). C. pneumoniae IgG and IgM
titers were measured using a microimmunofluorescence assay
(Focus Diagnostics), in accordance with current recommen-
dations [5]. PCR assays were used to test nasopharyngeal swab
specimens for M. pneumoniae and C. pneumoniae nucleic acid
(6, 7]. Legionella longbeachae combined IgG, IgA, and IgM titers
were measured using an indirect immunofluorescence assay [8,
9]. The antigen for indirect immunofluorescence assay was pre-
pared by growing L. longbeachae serogroup 1, strain Long Beach
4, on buffered charcoal yeast extract agar slants at 37°C with
2.5% CO, for 24 h. Legionella pneumophila serogroup 1 urinary
antigen level was measured by EIA (Binax).

Specimens were also tested for Streptococcus pneumoniae (by
urine antigen test for patients aged =18 years), Coxiella burnetii
(by serologic testing), acid-fast bacilli (by sputum smear), in-
fluenza virus (by culture, RT-PCR, and serologic testing), re-
spiratory syncitial virus (by culture, RT-PCR, and serologic
testing), picornavirus (by RT-PCR and serologic testing), ad-
enovirus (by culture, RT-PCR, and serologic testing), human
parainfluenza viruses (by culture, RT-PCR, and serologic test-
ing), and human metapneumovirus (by RT-PCR and serologic
testing).

Etiologic diagnosis. Definite acute infection was defined as
seroconversion for antibody to M. pneumoniae (IgG/IgM neg-
ative to IgG/IgM positive), a =4-fold increase in antibody titer
to C. pneumoniae (IgG or IgM), or a =4-fold increase in an-
tibody titer to L. longbeachae (IgG/IgA/IgM titer, =1:128) in
paired acute-phase and convalescent-phase serum specimens;
a result of PCR of nasopharyngeal swab specimens that was
positive for C. pneumoniae or M. pneumoniae; or a result of a
urine antigen test that was positive for L. pneumophila. Possible
acute infection with C. pneumoniae was defined as a single IgM
titer =1:16. When paired serum specimens were not available,
a negative PCR result defined the absence of infection. Because
the incidence of legionellosis in children and adolescents is rare
[10], testing for L. longbeachae in patients aged <18 years was
limited to a 71% convenience sample of those with paired
serum samples available to confirm the absence of legionellosis
in this age group, and no patients in this age group were tested

€148 « CID 2007:45 (15 December) ¢ Phares et al.



Table 1. Test results for 755 cases of acute infection with Legionella longbeachae, Mycoplasma
pneumoniae, and/or Chlamydia pneumoniae among inpatients with clinically-defined pneumonia.

Serologic testingb Ratio of patients
with concordant
test results

to those with

Pathogen® Definite Possible PCR discordant test results Total

L. longbeachae®  20/397 (5.0) 20/397 (5.0)
M. pneumoniae  15/568 (2.6) 14/752 (1.9) 2:25 27/755 (3.6)
C. pneumoniae  14/568 (2.4) 69/568 (12.1)  2/752 (0.3) 2:81¢ 83/755 (11)

NOTE. Data are no. of patients with positive test results/no. of patients tested (%), unless otherwise indicated.

? Pathogen categories are not mutually exclusive.

® Paired serum specimens were obtained and tested for 392 (72%) of 547 adults and for 176 (85%) of 208 children
and adolescents aged <19 years. A diagnosis of definite infection was made on the basis of seroconversion or a =4-
fold increase in antibody titer in paired acute-phase and convalescent-phase serum specimens. A diagnosis of possible
infection was made on the basis of presence of a single IgM titer =1:16 and absence of a =4-fold increase in IgG or

IgM titer to C. pneumoniae.
¢ Excluding patients aged <18 years.

9 The 2 serologic assay results that were concordant with PCR assay results were positive on the basis of a =4-fold
increase in antibody titer (i.e., definite C. pneumoniae infection).

for L. pneumophila. No attempt was made to assign a primary
etiology when multiple pathogens were present.
Statistical methods.

dence of severe clinical pneumonia due to a specific pathogen,

To calculate the lower limit of inci-

we divided the observed number of cases with laboratory evi-
dence of a specific infection by 2001 provincial census data. To
extrapolate the upper limit of incidence, we first determined,
among tested patients, the proportion of patients with positive
test results for each pathogen by 5-year age strata and applied
those proportions to the entire population of patients with
severe clinical pneumonia that was captured by surveillance.
Then, because 20% of surveillance-area residents do not seek
hospital-based care for pneumonia [4], we adjusted for access
to care by age. Incidence is reported as a range, from the lower
limit to upper limit. The prevalence of pathogen-specific severe
clinical pneumonia is the proportion of patients testing positive
for each pathogen among all patients tested. A 3-month moving
average was used to calculate monthly incidence, except for the
first and last observations, wherein a 2-month average was used.
The x* test or Fisher’s exact test were used to compare
proportions.

RESULTS

Study population. From 1 September 2003 through 31 Au-
gust 2004, active surveillance identified 3489 cases of severe
clinical pneumonia; a chest radiograph was performed for 2059
(59%) of these cases. Among cases for which a chest radiograph
was performed, 755 (37%) cases were included in the study,
including 17 recurrent cases. Of these included cases, 463 (61%)
were in male patients, 292 (39%) were in female patients, 547
(72%) were in adult patients (age, >19 years), and 208 (28%)
were in children and adolescents. The median age was 60 years
(first and third quartiles, 43-72 years) for adults and 2 years

(first and third quartiles, 0-5 years) for children and adoles-
cents. Six cases occurred in neonates (age, <1 month). Com-
pared with enrolled patients, among the unenrolled, the pro-
portion of cases in male patients was significantly lower (61%
vs. 56%; P<.05, by x* test), and the proportion of cases in
pediatric and adolescent patients was significantly higher (28%
vs. 48%; P<.05, by x” test).

Test results. Among the 755 cases in enrolled patients with
severe clinical pneumonia, paired serum specimens were ob-
tained a median of 22 days apart and were tested for 568 cases
(75%); nasopharyngeal swab specimens for 752 cases (>99%)
were tested by PCR. Collectively, 117 cases (15%) were in pa-
tients with evidence of 130 acute infections due to =1 atypical
pathogen. Table 1 shows the distribution of test results for each
atypical pathogen.

Among 554 cases of severe clinical pneumonia in patients

Table 2. Lower and upper limits of incidence of clinical pneu-
monia associated with Legionella longhbeachae, Mycoplasma
pneumoniae, and/or Chlamydia pneumoniae, by age group.

Lower and upper incidence of infection,
cases per 100,000 population

C. pneumonia€®

L. M. Definite
longbeachae pneumoniae Definite  and possible
Age group®  (n = 20) (h=27) (h=14) (nh=83
Children . 9.8-84 2.0-20 5.2-54
Adults 7-45 4.2-23 3.9-24 27-176
All 4.6-29 6.2-44 3.2-23 19-133

@ Children were patients aged <19 years, and adults were aged >19 years.

b Diagnosis of definite C. pneumoniae infection was based on a =4-fold
increase in antibody titer to C. pneumoniae (IgG or IgM) in paired acute-phase
and convalescent-phase serum samples. Possible C. pneumoniae infection
was diagnosed on the basis of a single IgM titer =1:16.
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Figure 1.
pneumoniae, by age.

who were =18 years of age (the only age group tested for both
L. pneumophila and L. longbeachae), none were in patients with
evidence of L. pneumophila infection, but 20 (5.0%) of 397
cases were in patients with serologic evidence of acute L. long-
beachae infection. Among 201 cases in patients aged <18 years
who had paired serum specimens available, 121 (71%) cases
were in patients tested for L. longbeachae, with no positive
results.

M. pneumoniae was detected in 27 (3.6%) of 755 cases. Di-
agnoses of M. pneumoniae infection were based on serocon-
version alone for 13 cases, PCR results alone for 12 cases, and
concordant results for 2 cases. Eleven (92%) of 12 cases were
in patients who had positive PCR results alone and who had
serologic evidence of persistent or recent past infection (both
acute-phase and convalescent-phase serum specimens were
positive for antibody to M. pneumoniae). In comparison,
among 537 cases in patients who had negative PCR results and
had paired serum samples available, only 139 (26%) were in
patients with evidence of persistent or recent past infection
(92% vs. 26%; P<.05, by Fisher’s exact test).

Eighty-three (11%) of 755 cases were in patients with evi-
dence of definite or possible acute C. pneumoniae infection: 14
(2.4%) of 568 cases were in patients who were tested and re-

B C. pneumoniae (definite)

0OL. longbeachae

Minimum incidence of infection with Legionella longbeachae (adults aged >19 years only), Mycoplasma pneumoniae, and Chlamydia

ceived a diagnosis on the basis of a =4-fold increase in antibody
titer; 2 cases (and no other cases) were in patients who also
had a positive PCR result. Another 69 cases were in patients
who received a diagnosis on the basis of a single high IgM titer.
Seroreversion for antibody to M. pneumoniae (i.e., from an-
tibody positive to antibody negative in paired serum specimens)
was rare (occurring in <0.2% of cases), as were =4-fold de-
creases in antibody titer to C. pneumoniae (0.5%) or L. long-
beachae (<0.2%).

Age and sex distribution. Table 2 shows the lower and
upper limits of incidence for severe clinical pneumonia due to
each atypical pathogen by age. The incidence of L. longbeachae
pneumonia was highest among adults aged >34 years and in-
creased with advancing age, reaching a minimum incidence of
47 cases per 100,000 population among patients aged =70 years
(figure 1). The proportion of cases due to L. longbeachae varied
from 4% to 6% among patients aged >24 years (figure 2). The
incidence of L. longbeachae infection was higher among male
patients in every age stratum, with an overall male-to-female
rate ratio (RR) of 1.6 (95% CI, 1.1-2.3).

For M. pneumoniae pneumonia, incidence was highest
among infants (age, <1 year), at 35-289 cases per 100,000 pop-
ulation, and among elderly patients (age, =70 years), at 23—

€150 * CID 2007:45 (15 December) ¢ Phares et al.



30

25
Cl 12.1%
-]
y < 5.2%
E
3
£
a 3.8%
s 6.0%
@ 15
wn
o
Ll
-
B
=
H 1
t R [
s 10 a.5% 13.1%
- 15.2% 10.3%
L]
3
L 1.3%
1.3%|
i [1.3%
15-24 45-64
Age, years

B M. pneumoniae

B C. pneumoniae (definite)

OC. pneumoniae (possible) OL. longbeachae

Figure 2. Proportion of all cases of pneumonia associated with Legionella longbeachae (adults aged >19 years only), Mycoplasma pneumoniae,
and Chlamydia pneumoniae, by age. The proportion of cases of L. longbeachae infection among patients aged 20—24 years are not included in the
figure; 3.4% of patients tested in this age group were positive for L. longbeachae.

110 cases per 100,000 population (figure 1). M. pneumoniae
was also the most commonly identified atypical pathogen in
children and adolescents, associated with nearly 5% of cases of
pediatric pneumonia in children aged <5 years and almost 15%
of cases of pneumonia in patients aged 5-24 years (figure 2).
The male-to-female RR for M. pneumoniae pneumonia varied
by age: among children and adolescents, the incidence was
significantly higher among boys than among girls (RR, 2.6; 95%
CI, 1.7-3.9); among adults, the incidence was higher among
women than among men (RR, 0.3; 95% CI, 0.1-0.5).

The overall incidence of definite C. pneumoniae pneumonia
was 3.2-23 cases per 100,000 population. When cases associated
with possible C. pneumoniae infection were added, incidence
increased >6-fold. This change was age-dependent, increasing
3-fold among patients aged <19 years, 6-fold among patients
aged 20-70 years, and 10-fold among those aged =70 years,
on the basis of observed incidence calculations. C. pneumoniae
infection (definite and possible) was associated with 14% of
cases of pneumonia among patients aged >19 years and 4% of
pediatric cases; however, when only cases associated with def-
inite infection were considered, the prevalence of cases asso-
ciated with this pathogen was substantially lower, at 2% among
adults and 1.4% among children and adolescents (figure 2).
The incidence of C. pneumoniae pneumonia (definite and pos-

sible) was higher among men than among women (RR, 1.5;
95% CI, 1.2-1.9) and much higher among boys than among
girls (RR, 7.15 95% CI, 3.4-15).

Temporal distribution. Figure 3 shows the number of cases
of clinical pneumonia due to each pathogen, by month, and
includes the number of cases of all-cause, chest radiograph—
confirmed pneumonia for comparison. The number of cases
of all-cause pneumonia peaked between February and April,
and the number case of M. pneumoniae, C. pneumoniae, and
L. longbeachae pneumonia peaked between September and De-
cember. Pneumonia due to M. pneumoniae and C. pneumoniae
was largely absent from April through June. The temporal dis-
tribution of cases of possible C. pneumoniae infection was sim-
ilar to that of cases of definite C. pneumoniae infection (data
not shown).

Coinfection and clinical course.
mon among the 117 cases of pneumonia associated with def-

Coinfections were com-

inite and possible atypical infections (table 3). Sixty-five percent
of cases of L. longbeachae infection were in patients with evi-
dence of infection with at least 1 other pathogen, and 40%-—
50% of cases of M. pneumoniae or C. pneumoniae infection
were also in coinfected patients. Influenza virus was the most
common copathogen.

We observed no significant differences in clinical findings at
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Figure 3. Number of cases of Legionella longbeachae, Mycoplasma pneumoniae, Chlamydia pneumoniae, and all-cause pneumonia, by month, with

a 3-month moving average.

presentation or chest radiograph patterns by etiology (table 3).
During hospitalization, a nonsignificantly higher proportion of
adult patients infected with L. longbeachae required medical
procedures indicative of severe disease (mechanical ventilation
or supplemental oxygen), compared with patients infected with
M. pneumoniae or C. pneumoniae (45% vs. 18%; P<.1, by
Fisher’s exact test). Among all 95 adult patients infected with
at least 1 atypical bacterial pathogen, 47 (49%) had significant
underlying illness, including heart, liver, or renal disease;
chronic obstructive pulmonary disease; asthma; diabetes;
stroke; malignancy; or HIV infection. Of 23 children and ad-
olescents, 3 (13%) had underlying illness (asthma or anemia).

Among the 117 patients infected with an atypical pathogen,
the majority (79% of patients) received a 3-lactam antibiotic
alone (57%) or in combination with another antibiotic (22%).
Aminoglycosides was the second most commonly prescribed
class of antibiotics. Only 18 patients (15%) received antibiotics
that have activity against atypical infections (e.g., macrolides
or quinolones). Of these 18 patients, 15 were adults. Sixteen
patients (14%), 14 of whom were children, received no anti-
microbial therapy.

DISCUSSION

Our study is one of the first to describe the importance of L.
longbeachae infection in Southeast Asia. Previous studies of
legionellosis in Asia have focused on L. pneumophila—the spe-

cies that causes ~90% of cases of Legionnaires disease in the
United States and Europe [11, 12]—and have reported that L.
pneumophila serogroup 1 accounts for 2%—5% of cases of pneu-
monia in hospitalized adults in urban Thailand and 0%-25%
of cases in other Asian countries, predominately in urban set-
tings [13—15]. In contrast, our population-based data indicate
that severe pneumonia due to L. pneumophila serogroup 1 is
rare or absent in a rural Thai surveillance population, but that
pneumonia due to L. longbeachae occurs with some frequency.

Although uncommon in the United States and Europe, L.
longbeachae accounts for approximately one-half of all cases of
Legionnaires disease in Australia and New Zealand [16]. In
2004, passive surveillance in Australia documented a national
incidence of L. longbeachae pneumonia of 0.7 cases per 100,000
population [16]. In comparison, active surveillance in Sa Kaeo
found the incidence of L. longbeachae pneumonia in adults to
be 5-29 cases per 100,000 population. L. longbeachae is the only
soil-dwelling pathogenic Legionella species, and transmission
has been linked to gardening and exposure to potting soil [17].
In Sa Kaeo, 70% of industry is in the agricultural sector [18],
which indicates high exposure to soil and, thus, high potential
for transmission. We speculate that populations predominately
engaged in small-scale agriculture are at increased and under-
appreciated risk for acquiring L. longbeachae infection. Fur-
thermore, the temporal distribution of L. longbeachae, which
reached its nadir from April through June, suggests that sea-
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Table 3. Coinfections and radiographic findings for 117 cases of clinical pneu-
monia associated with Legionella longheachae, Mycoplasma pneumoniae, and/or

Chlamydia pneumoniae.

No. (%) of patients

C. pneumoniae

L. M.
longbeachaea® pneumoniae  Definite Possible

Variable (n = 20) (n=27) (n=14) (n = 69)
Coinfection

None 7 (35) 16 (59) 7 (50) 44 (64)

Single other pathogen 10 (50)° 8 (30)° 4(29° 20 (29)°

Multiple other pathogens 3 (15) 3(11) 3 (21) 5 (7)
Radiograph finding

Alveolar consolidation 4 (20) 12 (44) 4 (29) 17 (25)

Interstitial infiltrates 8 (40) 10 (37) 5 (36) 36 (52)

Other 2 (10) 2(7) 1(7) 5(7)

No interpretation available 6 (30) 3(11) 4 (29) 11 (16)

@ Excluding children and adolescents aged <19 years.
b Coinfecting pathogens: C. pneumoniae (5), influenza virus (2), Streptococcus pneumoniae (1)

acid-fast bacillus (1), and picornavirus (1).

¢ Coinfecting pathogens: influenza virus (4), C. pneumoniae (2), adenovirus (1), and respiratory

syncitial virus (1).

d Coinfecting pathogens: L. longbeachae (2), M. pneumoniae (1), and picornavirus (1).
® Coinfecting pathogens: Influenza virus (11), L. longbeachae (3), S. pneumoniae (2), M. pneu-
moniae (1), acid-fast bacillus (1), adenovirus (1), and human metapneumovirus (1).

sonal factors may affect the occurrence of disease, although
multiple years of surveillance data are needed to establish
periodicity.

The results of our study also implicate M. pneumoniae and
C. pneumoniae as being frequently associated with severe pneu-
monia in some segments of the population. Among children,
we found that the incidence of both M. pneumoniae pneumonia
and C. pneumoniae pneumonia was highest among patients
aged <1 year and second highest among those aged 1-4 years.
In contrast, early population-based studies from the United
States and Europe found that the incidence of M. pneumoniae
and C. pneumoniae pediatric pneumonia was lowest among
patients aged 0-5 years and highest among those aged 5-14
years [19, 20]. This difference in age-specific incidence may
relate to differences among study populations in the timing
and frequency with which small children are exposed to other
children. Although incidence was highest in the youngest age
groups, the relative contributions of M. pneumoniae and C.
pneumoniae to severe pediatric pneumonia increased with age,
emphasizing the continuing importance of these pathogens in
these age groups, as has been formerly reported [21-23].

In adulthood, the incidence of both M. pneumoniae pneu-
monia and C. pneumoniae pneumonia is highest among the
older population. In addition, the incidence of M. pneumoniae
pneumonia is significantly higher among women than among
men—a finding that has been described previously and has
been attributed to mothers having heightened contact with chil-
dren [19]. Relative to other causes of pneumonia, adult in-

patient pneumonia caused by M. pneumoniae was rarer (<3%)
in the surveillance population than has been reported in pop-
ulation-based studies of inpatient pneumonia in the United
States and Europe (5%—8%) [24, 25], and the proportion of
cases of pneumonia associated with definite C. pneumoniae
infection (2.4%) was similar to that seen in other populations
[25].

Clinical presentation and radiographic findings are poor pre-
dictors of atypical etiology [26]. Therefore, the need for anti-
biotics that have activity against atypical pathogens cannot eas-
ily be determined at presentation. Other studies have revealed
that initial treatment of community-acquired pneumonia re-
quiring hospitalization with regimens that cover atypical path-
ogens, such as a quinolone alone or a macrolide plus a (-
lactam antibiotic, leads to improved outcomes [27], and current
treatment guidelines for North America reflect these findings
[28]. Because few patients in our study received antibiotics from
these classes, we were unable to evaluate the impact of type of
antimicrobial therapy on outcome.

The diagnosis of atypical infections remains problematic, and
much of the variability in frequency across studies is likely
because of differences in the diagnostic tests and criteria used.
We used recommended serologic criteria and validated molec-
ular techniques to conservatively characterize definite infection.
To support the conclusion that seroconversion to antibody to
M. pneumoniae or a =4-fold increase in antibody titer to C.
pneumoniae or L. longbeachae resulted from infection—and not
merely from poorly reproducible testing—we examined the
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number of seroreversions and comparable decreases in antibody
levels and note that such events were reassuringly rare (fre-
quency of seroreverions and =4-fold decreases in antibody titer,
=<0.5%). The diagnosis of C. pneumoniae infection in particular
continues to evolve, although efforts have been made to pro-
mote a standard diagnostic approach to C. pneumoniae assays
(5, 29].

The strengths of our study include nearly complete case as-
certainment of severe (inpatient) clinical pneumonia among a
well-defined source population, coupled with extensive diag-
nostic testing, in a region of the world where little is known
about the epidemiology of pneumonia. Our study also had
certain weaknesses. In addition to the limitations of diagnostic
testing, not all patients with signs and symptoms of pneumonia
presented to a hospital. Among patients who presented to a
hospital, not all had a chest radiograph performed; among those
who had a chest radiograph performed, not all were enrolled
in the etiology study, and not all enrollees had paired serum
samples obtained. Moreover, because the case definition of se-
vere pneumonia relies on clinical rather than radiographic cri-
teria, its specificity may be reduced. Thus, we were unable to
measure a precise incidence of severe pneumonia and, instead,
presented a lower limit based on observed incidence among
the patients enrolled and an upper limit based on an extrap-
olation. Finally, Sa Kaeo province may not be representative of
the whole of rural Thailand.

In summary, L. longbeachae but not L. pneumophila is fre-
quently associated with severe adult pneumonia in parts of rural
Thailand, and C. pneumoniae and M. pneumoniae are associated
with both adult and pediatric pneumonia. Few patients with
pneumonia receive antibiotics that have activity against these
pathogens. The observed incidence of pneumonia associated
with atypical etiologies suggests that initial therapy with anti-
biotics that cover atypical pathogens would produce benefits
that are similar to those seen in other patient populations,
although local outcome studies are needed, in addition to con-
siderations of availability and cost.
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