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Abstract

Objective: Community-acquired pneumonia is a major cause of
morbidity in children, with Mycoplasma pneumoniae responsible for
a substantial proportion of cases in school-aged children. Although
most infections are mild, extrapulmonary complications, including cold
agglutinin-mediated hemolysis, may occur. This study aimed to describe
pediatric cases of M. pneumoniae pneumonia complicated by cold
agglutinin disease and highlight diagnostic considerations.

Material and Methods: This case series included four pediatric patients
hospitalized with clinical and radiological findings consistent with M.
pneumoniae infection. Dignosis was confirmed by polymerase chain
reaction on nasopharyngeal swab samples. Complete blood counts
were obtained at admission and during follow-up, and hemoglobin/
hematocrit (Hb/Hct) mismatches prompted evaluation for cold
agglutinin disease. Laboratory assessments included peripheral blood
smears, lactate dehydrogenase, indirect bilirubin, and direct Coombs
testing. Chest radiographs were reviewed, and demographic, clinical,
laboratory, treatment, and outcome data were recorded.

Results: All patients exhibited Hb/Hct mismatch during hospitalization,
and direct Coombs testing was positive in three cases. Hematocrit levels
increased markedly when blood samples were analyzed using warmed
tubes, supporting the presence of cold agglutinin-mediated hemolysis.
Peripheral blood cell lines other than erythrocytes were within normal
limits. No patient required transfusion or specific therapy for hemolysis;
standard antimicrobial treatment and supportive measures, including
avoidance of cold exposure, were sufficient.

0z

Girig: Toplum kaynakli pnémoni, ¢ocuklarda morbiditenin 6nemli bir
nedenidir ve okul ¢agindaki ¢ocuklarda Mycoplasma pneumoniae va-
kalarin 6nemli bir kismindan sorumludur. Cogu enfeksiyon hafif sey-
rederken, akciger disi komplikasyonlar, ézellikle soguk aglitinin aracih
hemoliz, nadiren gortlebilir. Bu ¢alisma, M. pneumoniae pnémonisi ile
komplike olmus soguk agliitinin hastaligi olgularini tanimlamayi ve tani-
sal yaklasimlari vurgulamayr amaclamaktadir.

Gereg ve Yontemler: Calismaya, klinik ve radyolojik bulgulari M. pneu-
moniae enfeksiyonu ile uyumlu olan dért pediyatrik hasta dahil edildi.
Tani, nazofarenks surtinti 6rneklerinde polimeraz zincir reaksiyonu ile
dogrulandi. Hastalarin yatis ve takip donemlerinde tam kan sayimlari
[hemoglobin/hematokrit (Hb/Hct)] alindi; Hb/Hct uyumsuzlugu sapta-
nan olgularda soguk aglitinin hastaligi icin degerlendirme yapildi. Ek
olarak, periferik yayma, laktat dehidrogenaz, indirekt bilirubin ve direkt
Coombs testi incelendi. Akciger grafileri degerlendirildi; demografik, kli-
nik, laboratuvar, tedavi ve sonug verileri kaydedildi.

Bulgular: Tum hastalarda Hb/Hct uyumsuzlugu goézlendi ve (¢ olguda
direkt Coombs testi pozitif bulundu. Isitilmis tipe alinan kan 6rnekle-
rinde hematokrit degerlerinde belirgin artis saptanarak soguk agltinin
hemolizini destekledi. Eritrosit disindaki kan hiicre serileri normal sinir-
lardaydi. Hi¢bir olgu hemoliz icin 6zel tedavi veya transflizyon gerektir-
medi; pndmoni tedavisi ve 6zellikle soguktan kacinma gibi destekleyici
onlemler yeterli oldu.

Sonug: Soguk aglitinin hastaligi, M. pneumoniae enfeksiyonunda na-
dir fakat klinik agidan 6nemli bir akciger disi komplikasyondur. Hb/Hct
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Conclusion: Cold agglutinin disease is a rare but clinically relevant
extrapulmonary complication of M. pneumoniae infection in children.
Recognition of Hb/Hct mismatch and confirmation using warmed sample
analysis can facilitate accurate diagnosis and prevent unnecessary
interventions. Awareness of this entity is essential for timely identification,
appropriate management, and avoidance of overtreatment in pediatric
pneumonia cases.

Keywords: Anemia, autoimmune hemolytic, Mycoplasma pneumoniae,
cold agglutinin disease, red blood cells

Introduction

Community-acquired pneumonia is among the leading
causes of morbidity and mortality in childhood. While Strepto-
coccus pneumoniae, Haemophilus influenzae, and Staphylococ-
cus aureus are among the predominant bacterial pathogens in
pediatric pneumonia, Mycoplasma pneumoniae is responsible
for nearly 40% of cases in children older than five years of age
(1). Although most lower respiratory tract infections caused by
M. pneumoniae are mild, in some cases, they may progress to
severe clinical conditions, including acute respiratory distress
syndrome. On the other hand, extrapulmonary complications
may occur in about 25% of the patients (1). Cold agglutinin
hemolysis is one of these complications and typically presents
as mild and transient hemolysis, although in rare cases it may
follow a severe course (2).

Cold agglutinin disease is a form of autoimmune hemolytic
anemia characterized by the production of antibodies direct-
ed against erythrocyte surface antigens. The phenomenon of
blood agglutination at low temperatures was first described
in the early 20" century, and in 1950, it was shown that cold
agglutinins may develop in patients with atypical pneumonia.
In addition, viral and bacterial infections, as well as certain
lymphomas, have been implicated in the development of cold
agglutinin disease (3).

Hemolysis secondary to M. pneumoniae infection is medi-
ated by cold agglutinin antibodies targeting the | antigen on
erythrocyte surfaces. The | antigen, a carbohydrate moiety ex-
pressed on both erythrocytes and respiratory epithelial cells,
also functions as a receptor facilitating mycoplasma adher-
ence. In this setting, M. pneumoniae may act as an adjuvant,
inducing an antibody response against the | antigen (4).

This case series describes four patients hospitalized and
treated for M. pneumoniae infection who exhibited a mis-
match between hemoglobin (Hb) and hematocrit (Hct) values
on complete blood count (CBC). By presenting their clinical
courses and laboratory findings, this series aims to increase
awareness of secondary cold agglutinin disease in patients
with Hb/Hct mismatches and a recent history of lower respi-
ratory tract infection, thereby helping to prevent unnecessary
diagnostic and therapeutic interventions.

uyumsuzlugunun fark edilmesi ve isitilmis 6rnek analizi ile dogrulanma-
si, dogru tani koymay!i ve gereksiz girisimlerden kacinmayi saglar. Klinik
farkindalik, cocuklarda pndmoni ile birlikte goriilen bu komplikasyonun
zamaninda taninmasi ve uygun yonetim icin kritik neme sahiptir.

Anahtar Kelimeler: Anemi, otoimmin hemolitik, Mycoplasma
pneumoniae, soguk aglitinin hastalidi, kirmizi kan hicreleri

Materials and Methods

This case series included four pediatric patients who were
admitted to our hospital with clinical and radiological findings
consistent with M. pneumoniae infection and were found to
have cold agglutinin hemolysis. The diagnosis of M. pneumo-
niae infection was confirmed by polymerase chain reaction
(PCR) analysis performed on nasopharyngeal swab samples in
addition to compatible clinical presentation.

CBC were obtained for all patients at the time of admission
and during follow-up. A mismatch between hemoglobin (Hb)
and hematocrit (Hct) values was noted, prompting further
evaluation for cold agglutinin disease. Peripheral blood smear
examinations, lactate dehydrogenase (LDH), and indirect bili-
rubin levels were assessed to support the diagnosis of hemo-
lysis. The direct Coombs test was also performed.

Chest radiographs were evaluated to document pulmo-
nary involvement. Demographic characteristics, clinical pre-
sentations, laboratory findings, treatment approaches, and
outcomes of all cases were recorded and analyzed descrip-
tively.

For the research, ethics committee approval with protocol
number 2025/19/1 was received from the non-intervention-
al clinical research ethics committee of Samsun University
Non-Invasive Clinical Research on 01.10.2025.

Case 1

A 13-year-old female patient presented to our outpatient
clinic with intermittent fever and cough ongoing for 20 days.
She had previously visited external centers twice and had
received outpatient antibiotic therapy. She had no known
chronic diseases. On physical examination, her temperature
was 38.2 °C, and bilateral fine crackles were detected. Initial
CBC showed: Hb 11.7 g/D|, red blood cell (RBC) 3.18 million/
uL, Hct 26.2%, mean corpuscular volume (MCV) 82.4 fL, white
blood cell (WBC) 10.9 x10%/uL, platelet (PLT) 252 x10%/uL, re-
ticulocyte 2.52%. Additional laboratory findings were: urea
25.2 mg/dL, creatinine 0.75 mg/dL, alanine aminotransferase
(ALT) 28 U/L, aspartate aminotransferase (AST) 41 U/L, C-re-
active protein (CRP) 63 mg/L, and erythrocyte sedimentation
rate (ESR) 75 mm/h. Posteroanterior (PA) chest radiograph re-
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Figure 1. Chest radiograph of case 1.

vealed infiltration in the lower zone of the right lung, in the
paracardiac region (Figure 1). The patient was hospitalized
with the diagnosis of community-acquired pneumonia.

Ceftriaxone and oral clarithromycin treatment were initi-
ated. Due to the mismatch between hemoglobin and hema-
tocrit values, further tests were performed: total bilirubin 0.8
mg/dL, indirect bilirubin 0.66 mg/dL, LDH 490 U/L, and direct
Coombs test was positive. Nasopharyngeal swab obtained at

Table 1. CBC parameters of all cases

admission was positive for M. pneumoniae. Peripheral blood
smear performed for hemolysis was evaluated as normal. The
patient’s hemogram parameters at admission and during fol-
low-up are presented in Table 1.

Case 2

A 10-year-old boy presented with a 10-day history of cough
and loss of appetite. Four days earlier, he had been evaluated
at another facility and prescribed oral antibiotics for acute
upper respiratory tract infection. As his symptoms persisted,
he was admitted to our emergency department. Examination
revealed diminished breath sounds and crepitant rales over
the left lung. On admission, his general condition was poor,
oxygen saturation was 97%, and he was in no respiratory dis-
tress. Ceftriaxone, clindamycin, and oral clarithromycin were
initiated. Laboratory investigations revealed: Hb 13 g/dL, RBC
2.72 million/pL, Hct 23.6%, MCV 86.8 fL, WBC 7.49 x10°/uL, PLT
411 X10%/uL.

Renal and hepatic function tests were unremarkable. In-
flammatory markers included CRP 40 mg/L and ESR 80 mm/h.
A PA chest radiograph demonstrated consolidation consistent
with pneumonic infiltration in the lower zone of the left lung.
The patient was hospitalized with the diagnosis of communi-
ty-acquired pneumonia.

Because of an Hb/Hct mismatch, further testing was per-
formed, which showed total bilirubin 0.37 mg/dL, indirect bili-
rubin 0.31 mg/dL, LDH 190 U/L, and a negative direct Coombs
test. PCR of a nasopharyngeal swab confirmed M. pneumoniae.
The patient’s hemogram parameters at admission are summa-
rized in Table 1.

Case Day RBC (m/ulL) Hb (g/dL) Hct (%) MCV (fL) WBC (/mm?) PLT (/mm?)
Case 1 Day 1 3.18 1.7 26.2 824 10.900 252.000
Case 1 Day 3 2.82 10.8 23.6 83.7 6.990 244.000
Case 1 Day 5 348 11 289 83 5.380 160.000
Case 2 Day 1 2.72 13 23.6 86.8 7490 411.000
Case 2 Day 2 298 12.2 257 86.2 9.600 374.000
Case 2 Day 3 29 12.2 24.7 85.2 6.300 401.000
Case 2 Day 7 4.17 14 34 82.5 5.760 462.000
Case 3 Day 1 1.78 10.1 15.2 854 10.500 431.000
Case 3 Day 2 1.9 9.6 16.3 85.8 14.500 387.000
Case 3 Day 2 (Warmed) 40 9.6 29.9 74.8 17.200 451.000
Case 3 Day 4 4.15 9.8 315 759 8.300 376.000
Case 4 Day 1 4.96 13.1 36.6 73.8 6.100 307.000
Case 4 Day 3 242 12 14 86 5.900 320.000
Case 4 Day 3 (Warmed) 374 12.7 32.2 84.2 6.200 407.000
Case 4 Day 7 2.56 13.6 22 859 9.700 431.000
RBC: Red blood cell, Hb: Hemoglobin, Hct: Hematocrit, MCV: Mean corpuscular volume, PLT: Platelet, WBC: White blood cell.
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Case3

A 17-year-old female patient presented with cough, fever,
loss of appetite, and fatigue for 10 days. She had visited an
external center one week earlier and had been prescribed oral
antibiotics; however, since her symptoms did not improve,
she was admitted to our hospital. On examination, wide-
spread crepitant rales were detected. Her oxygen saturation
was 98%, and she had no respiratory distress. Laboratory tests
at admission showed: Hb 10.1 g/dL, RBC 1.78 million/uL, Hct
15.2%, MCV 85.4 fL. Renal and liver function tests were un-
remarkable. CRP was 93 mg/L and ESR 100 mm/h. PA chest
radiograph revealed an image consistent with infiltration in
the lower-middle zone of the right lung. She was hospitalized
with the diagnosis of pneumonia.

Ceftriaxone, clindamycin, and oral clarithromycin were
started. The initial direct Coombs test was negative. Naso-
pharyngeal swab collected at admission tested positive for
M. pneumoniae. On the second day of hospitalization, repeat
direct Coombs test became positive.

Because the mismatch between hemoglobin and hemato-
crit values was thought to be related to cold agglutinins, the
laboratory was contacted for warmed sample analysis. While
the patient’s Hct was initially 16.3%, repeat CBC performed
on a blood sample incubated at 37°C showed approximately
a twofold increase in RBC count and Hct rising to 29.9%. These
findings supported the presence of cold agglutinins. The
patient was advised to wear warm clothing, and her current
treatment was continued.

The patient’s hemogram parameters at admission and
during follow-up are summarized in Table 1.

Case 4

A 10-year-old male patient presented to the emergency
department with a one-week history of fever and cough. On
physical examination, there were fine crackles. Initial labora-
tory evaluation revealed: Hb 13.1 g/dL, RBC 4.96 million/pL,
Hct 36.6%, MCV 73.8 fL, WBC 6.1 x10%/uL, PLT 307 x10%/uL,
urea 17.2 mg/dL, creatinine 0.48 mg/dL, ALT 15.1 U/L, AST
28.1 U/L, and CRP 40 mg/L. PA chest radiograph obtained in
the emergency department. The patient was admitted with a
presumptive diagnosis of community-acquired pneumonia.
Empirical therapy with ceftriaxone and oral clarithromycin
was initiated.

On the third day of hospitalization, follow-up tests re-
vealed a mismatch between hemoglobin and hematocrit val-
ues (Table 1). Direct Coombs testing performed to evaluate
hemolysis was positive. Considering that the hemoglobin/he-
matocrit discrepancy could be due to cold agglutinin, a repeat
complete blood count was performed using a warmed blood
sample. While the initial Hct was 14%, analysis of the warmed
sample revealed an Hct of 32.2%, supporting the diagnosis of

cold agglutinin disease. On the fourth day of hospitalization,
nasopharyngeal swab testing confirmed M. pneumoniae.

Discussion

In our series, four patients hospitalized with pneumonia
who exhibited hemoglobin/hematocrit mismatch were found
to have M. pneumoniae detected in respiratory swab samples.
In all cases, hematocrit levels improved during pneumonia
treatment without the need for additional therapy targeting
cold agglutinin disease. Although cold agglutinin antibody
testing could not be performed in our center, the diagnosis
was supported by a marked increase in hematocrit values
when complete blood counts were repeated using blood
samples incubated at nearly 37 °C.

M. pneumoniae typically causes upper or lower respiratory
tract infections in school-aged children over five years of age
(1). The bacterium adheres to the host respiratory epithelium,
inducing direct cell membrane damage through oxidative
stress and contributes to the development of bronchopneu-
monia and pneumonia via inflammation mediated by alveolar
macrophages. Complications affecting various systems, in-
cluding the central nervous system, gastrointestinal tract, and
hematologic system, have also been reported. The pathophys-
iology of extrapulmonary manifestations involves indirect im-
mune-mediated injury, vascular occlusion due to vasculitis or
thrombosis, and locally induced inflammatory cytokines. M.
pneumoniae can trigger local vasculitis or thrombosis through
cytokines such as TNF-a and IL-8, without causing a systemic
hypercoagulable state. As a result, abdominal pain, chest pain,
neurological symptoms, and, very rarely, priapism have been
reported (5).

M. pneumoniae is known to cause cold agglutinin disease
as an antibody-mediated extrapulmonary complication. Cold
agglutinin disease accounts for approximately 15% of auto-
immune hemolytic anemias, with an estimated incidence of 1
in 1.000.000 individuals (6). Antibodies developed against M.
pneumoniae react with | antigens on the erythrocyte surface,
leading to hemolysis. In children, cold agglutinin disease can
be triggered by infections such as M. pneumoniae, influenza
virus, adenovirus, hepatitis B and C, HIV, EBV, and CMV (3). The
four cases presented in our series were all associated with M.
pneumoniae infection and were encountered within the past
year. Epidemics of M. pneumoniae are known to occur every
three-seven years. We hypothesize that the unusual occur-
rence of four cases of this rare complication is likely related to
an increase in M. pneumoniae infections this year.

Hematologic complications of M. pneumoniae infection
may, although rarely, include pancytopenia, thrombocytope-
nia, thrombocytosis, or leukemoid reactions (2,7,8). In our cas-
es, however, non-erythroid cell lines remained within normal
ranges. Cold agglutinin-mediated hemolytic anemias gener-
ally tend to resolve spontaneously, but patients with severe
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anemia may require transfusion (9). Blood transfusion should
be administered cautiously in such cases, as it can increase the
risk of hemolysis. Intravenous immunoglobulin and plasma-
pheresis have been used in life-threatening, transfusion-re-
sistant cases, resulting in an increase in hematocrit (10). A
normal hemoglobin is generally expected to be 1/3 of the Hct
(11). Additionally, cases in the literature have demonstrated
that hematocrit values may increase from 7% to 30% when
complete blood counts are repeated using warmed samples
(12). In our series, two patients’ samples were reassessed us-
ing the water bath method, resulting in hematocrit increases
from 16.3% to 29.9% and from 14% to 32.2%, respectively. This
approach allows for a more accurate evaluation of hematocrit
levels and may reduce unnecessary transfusion decisions. Al-
though its efficacy has not been formally evaluated, patients
are also advised to avoid cold exposure and wear warm cloth-
ing (6).
Conclusion

Cold agglutinin disease is a rare but important extrapul-
monary complication of M. pneumoniae infection in children.
Recognition of hemoglobin/hematocrit mismatch, together
with supportive laboratory assessments such as warmed sam-
ple analysis, can aid in accurate diagnosis and prevent unnec-
essary interventions. One of the limitations of our study is that
cold agglutinin titers cannot be studied in our hospital. Our
case series demonstrates that this complication is generally
self-limiting and can be effectively managed with standard
antimicrobial therapy and supportive measures, including
avoidance of cold exposure. Awareness of this entity among
clinicians is essential to ensure timely identification, appropri-
ate management, and avoidance of overtreatment in pediat-
ric patients with M. pneumoniae pneumonia.
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