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ABSTRACT
Background. Community-acquired pneumonia is an impor-

tant cause of mortality and hospitalization in all age groups. In
temperate climates, Mycoplasma pneumoniae is a common respi-
ratory pathogen causing pneumonia. Information on human
Mycoplasma infection in India is scarce.

Hethods. We aimed to determine the frequency of Myco-
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plasma pneumoniae infection among patients with community-
acquired pneumonia in a prospective cross-sectional study. The
assessment included clinical and radiological evaluation followed
by microbiological evaluation for the specific pathogen. Micro-
biological investigations included aerobic and anaerobic blood
culture, anti-Mycoplasma IgM antibody detection by gelatin
particle agglutination test and ELISA, culture of respiratory tract
secretions for Mycoplasma pneumoniae and other organisms, and
detection of specific Mycoplasma pneumoniae antigen by indirect
immunofluorescence.

Results. Sixty-two patients (42 men and 20 women; mean
age 41.7 years) with community-acquired pneumonia were
investigated prospectively. They included 42 immunocompetent
and 20 immunocompromised patients. Sixpatients had definitive
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evidence of Mycoplasma pneumoniae infection and an additional
16 patients had a probable diagnosis. In all, 22 (35.5%) patients
with pneumonia hadMycoplasma pneumoniae infection. Of these,
12 patients belonged to the immunocompromised group and 10
to the immunocompetent group. Patients with Mycoplasma
pneumoniae infection also had secondary bacterial infection as
evidenced by organisms isolated from blood in 50% and from
respiratory tract secretions in 68%.

Conclusion. Community-acquired pneumonia has a poly-
microbial aetiology, of which the prevalence of Mycoplasma
pneumoniae is 35%. The study has two implications: (i) Myco-
plasma pneumoniae infection is frequently associated with second-
ary bacterial infection; and (ii) initial empirical antibiotic therapy
for community-acquired pneumonia in India must include anti-
biotics with activity against Mycoplasma pneumoniae.

Natl Med J India 2000; 13 :66-70

INTRODUCTION
Community-acquired pneumonia or lower respiratory tract infec-
tion is a common and important cause of hospitalization and death
in all age groups. As several organisms have been identified as
causative agents, choosing an antibiotic for the treatment oflower
respiratory tract infection is often challenging. The task has
become even more daunting as a result of the changing spectrum
oflower respiratory tract infection and development of drug resis-
tance among the common pathogens.

Mycoplasma pneumoniae (M. pneumoniae) is a common res-
piratory pathogen in temperate climates. However, its epidemiol-
ogy is not clearly defined due to difficulty in establishing a defini-
tive diagnosis. 1Laboratory diagnosis of Mycoplasma infection
requires isolation of the organism by culture. This may take up to
8 weeks and has a sensitivity of 57%.2.3 Detection of anti-
Mycoplasma IgM antibody by the complement fixation test
(Cf'T)" or cold agglutination' were previously the commonly used
methods for diagnosis of acute infection. In recent years, sensitive
techniques such as ELISA6 and indirect immunofluorescence?
have been adopted for the detection of anti-Mycoplasma IgM
antibodies in blood andM. pneumoniae specific antigen in respi-
ratory tract secretions.s?

Information on human Mycoplasma infection in a tropical
climate such as that ofIndia is scanty. In the 1970s, using serologi-
cal methods for diagnosis, the prevalence of M. pneumoniae
infection was found to be 14%10in respiratory tract infections and
16%11in atypical pneumonia. In a recent report involving 400
patients, anti-M. pneumoniae IgM antibodies were present in 26%
of sera samples whereas culture positivity was reported in 10% of
respiratory tract secretion specimens."

In the present study, the magnitude of M. pneumoniae infec-
tion was determined by isolation and antigen and antibody
detection among immunocompetent and immunocompromised
patients with community-acquired pneumonia.

PATIENTS AND METHODS
Patients
In a prospective study, carried out over a period of 9 months,
consecutive immunocompetent and immunocompromised pa-
tients (aged 12years or more) admitted with community-acquired
pneumonia to a medicine unit ofthe All India Institute of Medical
Sciences, New Delhi were investigated. Patients were considered
immunocompromised if they were receiving corticosteroids in
high doses, immunosuppressive drugs after renal transplant,

chemotherapy for haematological and non-haematological ma-
lignancies, or were suffering from end-stage chronic renal failure.
Patients were considered immunocompetent when the above-
mentioned conditions were absent along with all other known
causes of immunosuppression, including human immunodefi-
ciency virus (HIV) infection. The criteria for diagnosis of commu-
nity-acquired pneumonia were adopted from Fang et al. 13

1. Presence of at least one major clinical criterion (cough, sputum
production or fever >37.8 0C) or two minor criteria (pleuritic
chest pain, dyspnoea, altered mental state, signs of pulmonary
consolidation on examination or total leucocyte count> 12 000
per cmm).

2. Presence of a new pulmonary infiltrate/shadow on chest X-ray
suggestive of pneumonia at orwithin 24hours of hospitalization.

3. Patient residing in the community.

The criteria for exclusion from this study were: 13

1. Pulmonary shadow due to a cause other than pneumonia, and
2. Patient brought from another hospital or with a history of

hospitalization within 7 days of discharge.

Controls
Twenty-three adults were included in the study as controls for
serological comparison and were recruited from the medical out-
patient department. Controls were patients presenting with non-
specific and/or psychosomatic complaints. They had no evidence
of pneumonia, or any infectious or respiratory disease.

Evaluation
A history was taken and physical examination carried out in all
patients to establish the clinical diagnosis of pneumonia. Labora-
tory investigations done in these patients included:

1. Chest X-ray (PA view) to establish the diagnosis of pneumonia.
2. Complete blood count and routine blood chemistry to evaluate

the clinical status.
3. Aerobic and anaerobic blood culture.
4. Aerobic sputum culture (after ensuring that the specimen was

from the lower respiratory tract by screening with Gram-stain)
5. Investigations to make a diagnosis of M. pneumoniae.

During bacteriological evaluation of body fluids, organisms
were identified as described by Cruickshank." Aerobic organ-
isms were isolated by inoculating clinical samples on sheep blood
agar and MacConkey agar plates. The plates were incubated at
37°C aerobically under 5% CO2 for microphilic organisms; and
were examined at 24 and 48 hours. For anaerobic culture, the
specimens were plated into brain-heart infusion agar and en-
riched thioglycolate broth. These media were incubated in anaero-
bic jars and examined at 48 and 96 hours. Subcultures from
thioglycolate broth were inoculated on brain-heart infusion agar
and incubated in an anaerobic jar. Biochemical identification and
antibiotic susceptibility of the aerobic and anaerobic strains were
performed by methods described previously.r':" All organisms
isolated from blood were considered significant after exclusion of
contaminants. Coagulase-negative Staphylococcus isolated in
blood was further characterized. All strains of Staphylococcus
epidermidis isolated from blood and sputum were considered
pathogenic in immunocompromised patients, especially when
isolated from both blood and sputum.

Microbiological investigations for diagnosis of M. pneumoniae
Isolation of the organism. Respiratory tract secretions (throat
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swab) were collected, transported in PPLO broth and cultured on
conventional Hayflick or SP4 medium. M. pneumoniae was
identified on SP4 broth by glucose fermentation and further
confirmed on agar plates by typical colony appearance, Dienes
staining and inhibition of growth by specific anti-sera to M.
pneumoniae.

Detection of M. pneumonia antigen? Respiratory secretions
(throat swab) were spotted onto a glass slide, air-dried at room
temperature and fixed; and then incubated with anti-M.pneumoniae
antibodies (rabbit polyclonal sera obtained from the Central
Public Health Laboratory, London). Fluorescent conjugated anti-
rabbit IgG antibody was added to the preparation which was
viewed for specific apple green fluorescence.

Detection of anti-M. pneumoniae antibody. Anti-M.
pneumoniae IgM antibody was detected by the micro titre particle
agglutination method (Serodia Myco II Reagent Kit, Fujirebio,
Japan) which is based on the specific immuno-agglutination
principle. Presence of anti-M. pneumoniae antibodies in the
serum led to agglutination of the gelatin particles visible with the
naked eye. The test was considered positive at a titre of 1:40 or
more. The positive results were reconfirmed by ELISA (Viro-
ELISA, Viro Immun Labor Diagnostika GmbH). Anti-M.
pneumoniae IgG antibodies were detected by ELISA (Viro-
ELISA, Viro Immun Labor Diagnostika GmbH).

Diagnosis of M. pneumoniae infection
The following criteria were used to classify the possibility of M.
pneumoniae infection in the lower respiratory tract.

Definitive diagnosis
1. Isolation of M. pneumoniae from cultures of respiratory

secretion, and/or
2. Detection of M. pneumoniae antigen in respiratory secretions

with raised IgM (> 1:40) in the serum.

Probable diagnosis
1. Detection of M. pneumoniae antigen in respiratory secretion

alone, or
2. Raised IgM titre in serum alone
3. Raised IgM and IgG titre in serum.

Past infection
1. Detection of raised anti-M. pneumoniae IgG antibody titre in

serum
2. Detection of raised anti-M. pneumoniae IgG antibody titre in

serum along with M. pneumoniae antigen in respiratory tract
secretions.

Statistical methods
We used mean, standard deviation and median for descriptive
statistics and Chi-square test for comparative statistics.

RESULTS
Demography and clinical features
Forty-two immunocompetent and 20 immunocompromised
patients who fulfilled the defined criteria for community-acquired
pneumonia were investigated for the aetiology of pneumonia.
There were 42 men and 20 women with a mean age of 41.7 years
(range: 14 to 67 years) and included 11 teenagers (12 to 20 years).
The mean duration of symptoms was 6.3 days (range 2-13 days;
median 7 days) at the time of hospitalization.

After investigations, 22 (35.5%) patients were diagnosed to
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have acute infection with M. pneumoniae. The symptoms and
signs of pneumonia in patients with and without M. pneumoniae
infection are shown in Table I. There was no statistically signifi-
cant difference in age and sex distribution, duration of illness,
symptoms, signs and radiological features among the patients in
the two groups. M. pneumoniae infection was present in 4 of the
11 teenagers. There was no mortality and all of them responded to
empirical antibiotic therapy.

Microbiological diagnosis of Mycoplasma pneumoniae
1. M. pneumoniae was isolated in 3 out of 30 patients in whom

respiratory secretions were cultured in SP4 medium.
2. M. pneumoniae antigen was detected by indirect immuno-

fluorescence in 22 patients.
3. IgM antibodies against M. pneumoniae were detected in 6

patients.
4. IgG antibodies against M. pneumoniae were detected in 5

patients.

Using the diagnostic criteria defined earlier, 6 patients had a
definite diagnosis (3 in each group) and 16 patients (7 immuno-
competent and 9 immunocompromised) had a probable diagnosis
of acute M. pneumoniae infection. In addition, 4 patients had
evidence of past infection. Thus, 22 patients (35.5%) with com-
munity-acquired pneumonia had M. pneumoniae infection. A
summary of the above investigations is presented in Table II.
Other organisms isolated from blood and respiratory tract secre-
tions are listed in Table III. Other organisms were isolated from
the blood of patients (50%) who were diagnosed to have M.
pneumoniae infection. In addition, 15 M. pneumoniae-positive
patients (68%) had other organisms in their respiratory tract
secretions. Of the 40M. pneumoniae-negative patients, 14 (35%)
were blood culture positive and 27 (68%) had various bacteria
isolated from respiratory tract secretions. No anaerobic organisms
were isolated from the blood or respiratory tract secretions.

Controls
All the control sera were negative for IgM by the gelatin particle
agglutination method with a cut-off titre of 1:40. The mean (SD)

TABLEI. Clinical features of patients with community-acquired
pneumonia

Characteristic M. pneumoniae

Absent
(n=40)

Present
(n=22)

Meanage (in years)
Cough
Fever
Expectoration
Shortnessof breath
Chestpain
Haemoptysis
Hypotension
Chestsigns
ChestX-rayabnormality

Air spacepneumonia
Lobar consolidation
Multi-lobarconsolidation
Bronchopneumonia
Interstitialpneumonia
Cavitarypneumonia
Pleuraleffusion

41.5

35
27
27
15
7
3
5
39
40
29
21
8
8
2
o
I

41.95
20
21
16
9
6
2
2
20
22
11
6
5
5
4
2
o
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TABLEII. Investigation profile of M. pneumoniae-positive patients

Investigation Immunologically Total

(n=62)competent
(n=40)

compromised
(n=22)

Only culture 1 I 2
Only antigen 7 7 15
Only antibody (IgM) 0 1 1
Only antibody (IgG) 0 0 0
Antigen and antibody IgM 2 I 3
Antigen and antibody IgG 3 I 3
Antibody IgM and antibody IgG 0 I 1
Culture, antigen and antibody IgM 0 I 1
Acute infection 10 12 22
Past infection 3 I 4

optical density of control sera for IgG antibodies was 0.171
(0.005), which was less than the cut-off values advised by the
manufacturer.

DISCUSSION
In an analysis of 1445 patients included in 7 studies from temper-
ate climates, M. pneumoniae was reported as a cause of commu-
nity-acquired pneumonia with a relative frequency of 0% to 18%
(mean 9%).1In an Indian study on lower respiratory tract infection
in children, M. pneumoniae infection was diagnosed in 27.4% of
cases by serological methods." In the present study, with the
stated diagnostic criteria, 22 of 60 patients (35.5%) were consid-
ered to have M. pneumoniae infection. The prevalence rate in
immunocompetent patients was 24% and in immunocompromised
patients 55%. M. pneumoniae is generally believed not to cause
a very severe form of disease requiring hospitalization, especially
in immunocompetent patients. Thus, it is possible that these
figures are an under-estimation of the actual prevalence of the
disease as we did not study those who were treated as outpatients.

M. pneumoniae infection has been considered to occur more
often in children and adolescents. However, in recent years, the
organism has been found to be a causative agent in all age groups.
It has been reported as the causative agent of lower respiratory
tract infection in up to 5% of older patients (mean age 65 years)"
and the incidence increases with age, especially among hospital-
ized patients. IS Thus, M. pneumoniae not only affects older
patients but also causes more severe disease in them. In our study
also, M. pneumoniae infection was encountered in all age groups
and the incidence was not higher in teenagers.

As for all microbes, the definitive diagnosis ofM. pneumoniae
infection requires isolation of the organism, which is technically
difficult, time intensive and has a low sensitivity." Most studies
have depended on the detection of rising titres of IgM antibodies
against the organism as the basis for serological diagnosis. The
value of serology is often limited in acute infection as develop-
ment of specific anti-Mycoplasma IgM antibody requires the
infection to be present for several days. The use of paired serum
specimens collected at an interval of 2-3 weeks is ideal for the
serodiagnosis of M. pneumoniae. However, there have been
several studies carried out using a single serum specimen for the
diagnosis of M. pneumoniae. Hirai et al. considered a single
serum specimen CFT titre> 1:64 and GPA (gelatin particle agglu-
tination) titre ~1 :320 as diagnostic of M. pneumoniae infection.'?
In another study, single IgM EIA (enzyme immunoassay) ~1:60
and IgG ~ 1:100 were considered diagnostic of current or recent
infection." We have also considered the presence ofIgM and IgG

TABLEIII. Organisms isolated from blood and respiratory tract
secretions in 62 patients with community-acquired pneumonia

Organism M. pneumoniae

positive (n=22) negative (n=40)*

Blood
Sterile
Contaminated
Klebsiella pneumoniae
Streptococcus pneumoniae
Streptococcus
Staphylococcus epidermidis
Staphylococcus albus
Citrobacter
Acinetobacter
Staphylococcus aureus
Pseudomonas
Respiratory tract secretion
Normal flora
Klebsiella pneumoniae
Streptococcus pneumoniae
Staphylococcus aureus
Haemophilus influenzae
Staphylococcus epidermidis
Acinetobacter
Pseudomonas
Citrobacter

8
3
4

22
4
2
I
2
2
2
I
I
2
I

I
4

7
1
4
5
3
4

13
3
3
5
1

2
5
1

* Two patients each had more than one organism isolated from blood and respiratory
secretions

antibodies as diagnostic of current infection. Warriset al. consid-
ered an anti-M. pneumoniae IgG antibody in a single serum
specimen at a value21:40 U to be diagnostic by platelet EIA test."
We considered the presence of IgG antibodies alone or with M.
pneumoniae antigens as evidence of past infection. It has been
reported that following an acute infection, there is prolonged
shedding of M. pneumoniae antigen from respiratory tract IgG
antibodies in the serum. However, this is not true for IgM anti-
bodies." In other words, detection of IgM antibodies is the
cornerstone of serodiagnosis of currentM. pneumoniae infection.

IgM-specific EIA procedures have reduced the need for paired
specimens for a more accurate diagnosis. We also used similar
techniques to obviate the need for paired sera at the end of two
weeks. We used the GPA kit, which according to the manufacturer
exclusively detects IgM antibody against M. pneumoniae and a
titre of 1:40 is diagnostic of recent infection. This kit has been
previously compared with antibody-capture enzyme immuno-
assay, which has been shown to be very sensitive and specific for
diagnosis."

Detection of antigens specific to M. pneumoniae using na-
sopharyngeal aspirate and sputum has been found useful in the
diagnosis and has a high sensitivity (91%).19Williamson et al.
compared the sensitivity of antigen capture assay with detection
of M. pneumoniae DNA by PCR amplification-' and found that in
up to 7.5% of samples, antigen capture assay was positive though
PCR was negative. They postulated that the bacterial nucleic acid
might be degraded by nucleases in respiratory tract secretions
following a breach in the cell membrane as a result of antibiotic
therapy and development of immune defenses against the organ-
ism.

The therapeutic utility of antigen detection would be very
high, especially in the early stages of infection when antibody
response is not detectable. We detectedM. pneumoniae antigen in
19 patients with acute infection, in only 3 of whom anti-Myco-
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plasma IgM antibody was present. The absence of specific IgM
antibody in a substantial number of patients was probably due to
the investigation being done before the formation of such antibod-
ies, as the median duration of illness in our patients at admission
was only 7 days. Alternatively, in case of re-infection with M.
pneumoniae an IgM antibody response may not be mounted at all
by many adults. To the best of our knowledge, detection of M.
pneumoniae antigen by indirect immunofluorescence has not
been reported from India earlier.

Our approach of classifying M. pneumoniae infection as a
definite or probable cause of pneumonia has not been used
frequently. A similar approach of classification has been used in
two epidemiological studies on pneumonia.P:" This approach can
be justified as most studies on community-acquired pneumonia
fail to reach an aetiological diagnosis in as many as 50% of
patients, despite excellent laboratory support. Pathogens other
than M. pneumoniae were isolated from blood in 25 out of 62
patients tested. The rate of isolation was 50% in patients with M.
pneumoniae compared to 35% in M. pneumoniae-negative
patients. Similarly, in 68% of patients in both groups, other
pathogenic organisms were isolated from respiratory tract secre-
tions.

In the present study, the clinical and radiological features of
pneumonia due to M. pneumoniae were indistinguishable from
those due to other organisms. None of the patients had features of
'atypical pneumonia'. It is likely that the inflammatory responses
of the respiratory tract to various infections are so limited that
their clinical and radiological manifestations may not always be
distinctive. Alternatively, the clinical manifestations of M.
pneumoniae infection were modified by the presence of other
respiratory pathogens.

Polymicrobial aetiology has been reported as a common phe-
nomenon in lower respiratory tract infections." It is possible, as
we also found, that in many patients with community-acquiredM.
pneumoniae and pneumonia due to other atypical organisms, the
primary infection is followed by a secondary bacterial infection.
The scenario is similar to viral lower respiratory tract infection
with influenza virus or respiratory syncitial virus where second-
ary bacterial colonization is a common occurrence. This results in
the loss of clinical and radiological distinctiveness of pneumonia
due to various organisms.

A limitation of the present study was that culture of M.
pneumoniae could not be carried out in all patients and paired sera
were not used. This might have resulted in higher prevalence
rates. Despite this limitation, we have demonstrated the presence
of M. pneumoniae as a common cause of community-acquired
pneumonia especially in immunocompromised patients. This
diagnosis cannot be suspected on clinical and radiological grounds.

The therapeutic implication of our study is that antibiotics with
anti-Mycoplasma pneumoniae activity must be included in all
initial empirical antibiotic regimens for community-acquired
pneumonia; that is, a combination of a beta-lactarn antibiotic with
a second-generation macrolide, or a third-generation quinolone as
a single agent. Further, in immunocompromised patients with
pulmonary infection, this organism must be considered before
invasive procedures are undertaken to obtain an aetiological
diagnosis.
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