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ABSTRACT

Background: Mycoplasma pneumoniae is an important cause of community-acquired pneumonia in children. Access
to specific serological assays is limited in many resource-constrained settings, necessitating evaluation of simple
bedside diagnostic tests such as cold agglutinin test (CAT).

Methods: In this prospective observational study, children admitted with radiologically confirmed lobar pneumonia
that showed no response to beta-lactams were evaluated with direct Coombs test (DCT) and CAT, and results were
compared with Mycoplasma pneumoniae IgM serology as the reference standard. Clinical profile, inflammatory
markers, treatment response and outcomes including need for paediatric intensive care and length of hospital stay
were also recorded.

Results: Among IgM-positive children, normal total leucocyte counts were significantly more frequent than in
IgM-negative cases, while erythrocyte sedimentation rate was commonly elevated, supporting an atypical pneumonia
pattern. DCT showed low sensitivity and poor negative predictive value, whereas CAT demonstrated very high
specificity and positive predictive value, making it a useful rule-in test but unsuitable as a stand-alone screening tool.
CAT positivity was associated with a significantly longer duration of hospital stay, indicating more severe or
protracted clinical course among children with demonstrable cold agglutinins.

Conclusions: Mycoplasma pneumoniae pneumonia in this cohort was characterized by normal total leucocyte counts
with raised erythrocyte sedimentation rate, and CAT emerged as a highly specific rule-in test, though it could not
replace confirmatory serology testing.
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INTRODUCTION tests such as CAT have historically been used as
surrogate marker of infection, but contemporary
paediatric data, particularly from Indian settings, are

Mycoplasma pneumoniae is a common cause of ael
limited.*#6

community-acquired pneumonia in school-aged children
and adolescents, often presenting with an indolent course
and extrapulmonary manifestations in nearly 50% cases.
In many low- and middle-income settings, serological or
molecular assays for definitive diagnosis remain costly,
batched, or unavailable, leading to empirical therapy
without microbiological confirmation. Simple bedside

Accurate characterization of their diagnostic performance
against a reference serological standard is essential to
determine whether these tests can guide rational use of
macrolides and other antimicrobials in routine
practice 346811
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Bedside CAT was performed by combining blood with an
equivalent amount of an anticoagulant in a tube. The tube
was submerged in ice water (0 to 4°C) for 15-30 seconds.
Tube is then retrieved from the ice and inspected for large
clumps known as coarse agglutination, by observing the
tube against a light source and gently rotating it. Upon
heating/rewarming, the clumps should disperse and
reappear upon cooling.*4

The objective of the study was to evaluate the diagnostic
accuracy (sensitivity, specificity, positive predictive
value, negative predictive value) of DCT and bedside
CAT for detection of IgM-confirmed Mycoplasma
pneumoniae infection in hospitalised children with
radiologically confirmed lobar pneumonia. It also aimed
to describe the clinical and laboratory profile (total
leucocyte count, erythrocyte sedimentation rate,
C-reactive protein, transaminitis) of children with
IgM-confirmed Mycoplasma pneumoniae pneumonia and
to assess the association between CAT positivity and
hospital stay.

METHODS
Study design and setting

This was a prospective observational study conducted in
a tertiary-care paediatric centre (Pushpagiri Institute of
Medical Sciences and Research Center, Thiruvalla)
during a period of 4 months (December, 2024 to March,
2025). Infants and children between 1 month to 15 years
of age who were admitted with radiologically confirmed
lobar pneumonia with no response to beta-lactams were
enrolled consecutively. Children were managed either in
the paediatric ward or paediatric intensive care unit
(PICU) at the discretion of the treating team.

Participants

Children with clinical features suggestive of lower
respiratory tract infection with chest radiograph evidence
of lobar pneumonia and not responding to beta-lactams
were eligible for inclusion. Those with incomplete
diagnostic work-up for Mycoplasma pneumonia, those
who had chronic lung disease and significant
immunosuppression and those who did not consent for
study were excluded. All included children underwent
testing for Mycoplasma pneumoniae IgM antibodies,
DCT and CAT at admission, along with routine
haematological and biochemical investigations.

Index tests and reference standard

The index tests evaluated were DCT and bedside CAT
performed using standard procedures, and results were
categorised as positive or negative as per predefined
criteria.’* Bedside CAT was performed by the principal
investigator. Mycoplasma pneumoniae IgM serology
served as the reference standard for defining infection
status, with IgM-positive cases considered true positives

and IgM-negative cases true negatives for diagnostic
accuracy calculations. IgM Mycoplasma equivocal results
were excluded because of uncertain classification near the
assay cut-off. Principal investigator was unaware of the
final serology results at the time of performing CAT, and
serology was processed independent of bedside test
results.

Data collection and variables

For each participant, demographic details (age, gender),
DCT, CAT and Mycoplasma IgM results, total leucocyte
count (TC), erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), site of care (PICU or ward),
complications, transaminitis, radiographic findings,
duration of hospital stay and treatment response were
recorded in a structured proforma and entered into an
electronic  spreadsheet. Laboratory variables were
categorized (e.g. TC as normal or high, ESR as normal or
raised) according to institutional age-adjusted reference
ranges.

Statistical analysis

Diagnostic accuracy indices of DCT and CAT
(sensitivity, specificity, positive predictive value,
negative predictive value) were calculated with 95%
confidence intervals, using IgM serology as the reference
standard. Categorical variables were compared between
IgM-positive and IgM-negative groups using Chi-square
or Fisher’s exact test, while continuous variables such as
duration of hospital stay were compared using
independent-samples t tests, and p value less than 0.05
was considered statistically significant.

RESULTS
Study population

A total of 24 children with radiologically confirmed lobar
pneumonia and complete Mycoplasma pneumoniae
work-up were included in the analysis. The cohort
comprised of 42% boys and 58% girls with a mean age of
7.6 years. Seventeen children were IgM-positive for
Mycoplasma pneumoniae which formed the infected
group. Also, there were 2 cases with equivocal titer of
IgM Mycoplasma. PICU admission was required for 63%
of children and 45% of them had associated
complications  like  synpneumonic  effusion and
pulmonary thromboembolism.

Clinical, laboratory and radiographic profile

Among IgM-positive children, all had normal TLC,
whereas IgM-negative children showed a mix of normal
counts (40%) and leukocytosis (60%); this difference was
statistically significant (Pearson y*>=11.811, p=0.001;
Fisher's exact test p=0.006), indicating a strong
association between Mycoplasma pneumoniae infection
and normal leukocyte profile. Raised ESR was observed
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in 88.2% of IgM-positive cases, while 60% IgM-negative
children had elevated ESR, and this difference did not
reach statistical significance. CRP levels were frequently
high in both groups, and transaminitis was documented in
29% of IgM-positive patients, often in association with
more severe radiological or clinical disease. Among the
Mycoplasma positive cases, 7 (41%) children had
complications like synpneumonic effusion and 1 child
had pleural effusion with pulmonary thromboembolism.
Of all the cases, 48% showed left lower lobe
involvement, followed by right upper lobe involvement
(20%). Among the infected cases, 37% showed a left
lower lobe predilection, followed by right upper lobe
(25%).

Diagnostic performance of DCT and CAT

DCT demonstrated low sensitivity for detecting
IgM-positive Mycoplasma pneumoniae infection, with a
substantial proportion of infected children testing
negative, and it also showed limited negative predictive
value, limiting its utility as a rule-out test. In contrast,
CAT exhibited very high specificity and positive
predictive value, both reaching 100%, such that a positive
CAT result strongly indicated true Mycoplasma
pneumoniae infection. However, CAT sensitivity was

only 58.8%, indicating that almost half of the
serologically confirmed cases would be missed if CAT
were used as a stand-alone screening tool. Thus, a
positive CAT result strongly supports Mycoplasma
pneumoniae infection and can be used to rule in
Mycoplasma infection with high confidence.

Treatment, outcomes and hospital stay

Among the Mycoplasma positive cases, 29% were
macrolide resistant Mycoplasma pnaemoniae (MRMP),
requiring escalation to doxycycline and 23% were
refractory Mycoplasma pnaeumonie (RMPP) requiring
steroid therapy.

Among the CAT-positive children, 45% had
complications such as synpneumonic effusion or pleural
effusion, and 63% required PICU admission. Also,
CAT-positive children had a significantly longer mean
duration of hospital stay than CAT-negative children
(approximately 11.14+3.34 days vs. 7.46+2.44 days),
with a mean difference of about 3.68 days and a
statistically significant p<0.05. This finding suggests that
the presence of cold agglutinins is associated with more
severe or prolonged clinical course in paediatric
Mycoplasma pneumoniae pneumonia.

Table 1: Blood counts in study group.

Total leucocyte counts
Normal
17 (100%) 0

2 (40%) 3 (60%)

Variables

IgM positive (n=17)
IgM negative (n=5)

Leucocytosis

Fisher’s exact test
(p value)

Pearson chi-square
(p value)

11.811 (0.001) 0.006

Table 2: Diagnostic accuracy of CAT for IgM Mycoplasma pneumoniae infection.

IgM negative Total
0 10
5 12
5 22

Table 3: Diagnostic accuracy of DCT for IgM Mycoplasma pneumoniae infection.

CAT result IgM positive
Positive 10

Negative 7

Total 17

DCT result IgM positive
Positive 7

Negative 10

Total 17

IgM negative Total
1 8
4 14
5 22

Table 4: Comparative diagnostic performance of CAT and DCT for IgM Mycoplasma pneumoniae infection.

Sensitivity (%) Specificity (%)
CAT 58.8% 100.0
DCT 41.2 80.0

100.0 41.7
87.5 28.6

Table 5: Association between CAT result and duration of hospital stay in children with pneumonia.

CAT positive, (n=10)

CAT negative, (n=12) P value (t test)

Hospital stays (days)
meanSD

11.14+3.34

7.46+2.44 0.011
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Figure 1: Positive CAT.
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Figure 2: Demographic distribution of population.

Mycoplasma test result

m Positive = Negative = Equivocal

Figure 3: Mycoplasma test result.
DISCUSSION
This study provides contemporary paediatric data on the

usefulness of two simple tests, DCT and CAT, for
detecting Mycoplasma pneumoniae infection while using

IgM  serology as the reference standard. The
predominance of normal TLC with elevated ESR among
IgM-positive children is consistent with the recognized
atypical pneumonia phenotype, and mirrors the findings
of Cherian et al who reported that Mycoplasma
pneumoniae accounted for 22.44% of pediatric
respiratory infections and that normal leukocyte count
with high ESR (>30 mm/hr) were significant features of
Mycoplasma pneumoniae. These haematological features
may help clinicians suspect Mycoplasma pneumoniae in
appropriate clinical settings, particularly when access to
serology or molecular assay is limited.14616

CAT’s very high specificity and positive predictive value
support its role as a robust rule-in test, where a positive
result can be used to confidently initiate or continue
macrolide-based therapy for presumed Mycoplasma
pneumoniae pneumonia. However, its modest sensitivity,
coupled with the low sensitivity of DCT, indicates that
neither test alone is adequate as a screening or rule-out
t00|.1_4’6'13

Cold antibody production is a well-recognised
consequence of Mycoplasma pneumoniae infection, most
commonly involving anti-1 antibodies. These antibodies
are detectable in approximately 50-60% of affected
patients and may also occur in other conditions such as
cytomegalovirus infection, Klebsiella infection, Epstein-
Barr virus infection, lymphoid malignancies and various
autoimmune diseases.®

The association between CAT positivity and longer
hospital stay highlights a possible link between the
immunohaematological  response to  Mycoplasma
pneumoniae and disease severity or recovery time. While
causality cannot be inferred, CAT positivity may identify
a subgroup of children at higher risk of prolonged illness
or complications, warranting closer monitoring and
follow-up. Strengths of this study include the use of a
serological reference standard and detailed clinical and
laboratory characterization.

Limitations of this study include the relatively small
sample size, single-centre design and the approximated
nature of combined sensitivity estimates. Future research
should focus on larger multicentric cohorts, integration of
polymerase chain reaction assays where available, to
refine the role of DCT and CAT in paediatric
Mycoplasma pneumoniae pneumonia.®812

CONCLUSION

Mycoplasma pneumoniae pneumonia in this cohort was
marked by normal total leucocyte counts with frequently
elevated erythrocyte sedimentation rate, consistent with
an atypical inflammatory pattern. The bedside CAT
showed excellent specificity and positive predictive
value, supporting its role as a rule-in test, whereas the
DCT test demonstrated poor standalone screening
performance.
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