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Chlamydophila 
pneumoniae‑associated 
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Chlamydophila pneumoniae is a cause of community-acquired pneumonia (CAP) and responsible for 
1–2% of cases in paediatric patients. In Mexico, information on this microorganism is limited. The 
aim of this study was to detect C. pneumoniae using two genomic targets in a real-time PCR and IgM/
IgG serology assays in paediatric patients with CAP at a tertiary care hospital in Mexico City and to 
describe their clinical characteristics, radiological features, and outcomes. A total of 154 hospitalized 
patients with diagnosis of CAP were included. Detection of C. pneumoniae was performed by real-time 
PCR of the pst and arg genes. Complete blood cell count, C-reactive protein measurement and IgM and 
IgG detection were performed. Clinical-epidemiological and radiological data from the patients were 
collected. C. pneumoniae was detected in 25 patients (16%), of whom 88% had underlying disease 
(P = 0.014). Forty-eight percent of the cases occurred in spring, 36% in girls, and 40% in children older 
than 6 years. All patients had cough, and 88% had fever. Interstitial pattern on chest-X-ray was the 
most frequent (68%), consolidation was observed in 32% (P = 0.002). IgM was positive in 7% and IgG 
in 28.6%. Thirty-six percent presented complications. Four percent died. A high proportion showed 
co-infection with Mycoplasma pneumoniae (64%). This is the first clinical report of C. pneumoniae as 
a cause of CAP in Mexican paediatric patients, using two genomic target strategy and serology. We 
found a frequency of 16.2% with predominance in children under 6 years of age. In addition; cough and 
fever were the most common symptoms. Early detection of this pathogen allows timely initiation of 
specific antimicrobial therapy to reduce development of complications. This study is one of the few to 
describe the presence of C. pneumoniae in patients with underlying diseases.
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Community-acquired pneumonia (CAP) is an acute infection of the lower respiratory tract and one of the main 
causes of childhood morbidity and mortality worldwide. Each year, it causes the death of about one million 
children younger than 5 years old. This number represents approximately 15% of all deaths in this age group, 
and between 90 and 95% of these deaths occur in developing countries1.

Chlamydophila pneumoniae is an obligate intracellular bacterium that causes respiratory tract infections, 
such as pharyngitis (5%), bronchitis (0.3–5%), sinusitis (13%), exacerbations of chronic bronchitis, and CAP2–5. 
C. pneumoniae is responsible for approximately 1–2% of all cases of CAP in children, mainly affecting those 
over 3 years of age6. Other reports indicate that the frequency varies between 5 and 20% in school-age children 
and adolescents7. Epidemiological studies suggest a cyclical pattern (every 4 years) of pneumonia caused by C. 
pneumoniae. In a worldwide study, the frequency of CAP due to C. pneumoniae, was 8% in North America, 7% 
in Europe, 6% in Latin America, and 5% in the Asia-Africa region2.

As diagnosis of C. pneumoniae infection is complicated, so its frequency may be underestimated. Despite 
its low sensitivity (50–70%), culture is still considered the gold standard. Unfortunately, C. pneumoniae grows 
slowly, and use of McCoy or HeLa cell cultures, specialized laboratory and trained personnel are necessary2,8. 
Microimmunofluorescence is the serological test of choice, but it is a complex technique, its interpretation is 
subjective and cross-reaction with other species of Chlamydia spp. also occurs. In addition, it is necessary to 
collect serum in the initial and convalescent phases to detect an acute infection, with sensitivity of 60–82% and 
specificity of 40–77%9.

Due to their high analytical sensitivity (50–100 fg) and specificity (100%), molecular techniques, such as 
real-time PCR are recommended by the Centers for Disease Control and Prevention (CDC) for diagnosis of C. 
pneumoniae10,11.

In addition, two or more tests are usually used to diagnose this infection as real-time PCR, specific anti-C. 
pneumoniae IgM, IgG and IgA antibodies or immunohistochemistry12–14. Several targets have been used to detect 
this microorganism including ompA gene,12,15,16, tyrosine tRNA gene in a Pan-Chlamydia real-time PCR17, 16S 
ribosomal RNA genes15 and 23S ribosomal RNA genes in a novel digital microfluidic RT-qPCR Platform18. The 
arg gene encodes the 147 amino acid arginine repressor protein that regulates the glnPQ operon which expresses 
a putative arginine transport system in an arginine-responsive manner. The arg gene has been used to detect 
and differentiate C. pneumoniae from other species of the genus Chlamydophila10,17. On the other hand, pst gene 
encodes DNA-directed RNA polymerase subunit beta, a 75 kDa protein10,11.

Some studies have considered that a positive PCR test is sufficient to diagnose a C. pneumoniae infection13.
Timely detection allows for administration of adequate antimicrobial treatment, as chronic or recurrent infec-

tions by C. pneumoniae have been associated with development of complications such as chronic obstructive 
pulmonary disease, asthma, arthritis, heart disease, and neurological disorders (multiple sclerosis and Alzheimer’s 
disease)19–21. C. pneumoniae can also increase risk of lung cancer development (odds ratio 1.48–1.6)22.

In Mexico, information on C. pneumoniae as a cause of CAP in the paediatric population is limited. There is 
only one retrospective report that indicates involvement of C. pneumoniae in adolescents with asthma, in which 
a seroprevalence of 77.5% was found23.

The aim of this study was to detect C. pneumoniae using two genomic targets in a real-time PCR and IgM/
IgG serology assays in paediatric patients with CAP at a tertiary hospital in Mexico City and additionally the 
study describes their clinical characteristics, radiological features and outcomes.

Material and methods
Location and study population
This was a prospective, single-centre study that was conducted at the Instituto Nacional de Pediatria (INP), 
a tertiary-care hospital in Mexico City. During the study period, November 2015 to March 2017, 154 
patients < 18 years old with a diagnosis of CAP that required admission were included.

Definitions and clinical information
Diagnosis of CAP was considered in patients who presented fever (≥ 37.5 °C), cough, polypnea, or respiratory 
distress and who had hypoventilation, crackles, and/or effusion by clinical examination or chest X-ray. Res-
piratory distress was defined per guidelines of the Infectious Diseases Society of America24. For the patients 
included in the study, the above signs and symptoms started in an outpatient setting, and the patient was not 
hospitalized for at least 2 weeks before the onset of symptoms. Underlying disease was defined as a medical 
condition that involved any organ or system and that required specialized care25. Acute disease was defined as 
a short and relatively severe course (< 1 week); chronic disease was any that continued for more than a week. 
Wheezing was defined as a continuous, adventitious, high-pitched sound that originated in airways narrowed 
by spasm, thickened mucosa, and/or luminal obstruction. Crackles were discontinuous cracking sounds caused 
by the passage of air through secretions of the airway due to sudden equalization of gas pressure. A decrease in 
the level of oxygen in the blood (SpO2) < 92% was recorded as desaturation.

A normal radiological pattern was defined as a chest X-ray with no abnormal findings in the lung parenchyma 
and pleural spaces. The interstitial pattern was defined as an image resulting from oedema and inflammation, 
with cellular infiltrates located predominantly in the interstitial tissue of the lung. The bronchopneumonic 
pattern was characterized by suppurative inflammation distributed in patches around bronchi, which may or 
may not be localized to a single lobe of the lung. The consolidation pattern was a homogeneous increase in the 
density of the parenchyma, which erased the contours of vessels and the walls of the airway and could include air 
bronchogram. The atelectasis represented an increased density with ipsilateral traction of the trachea and medi-
astinum structures. The multifocal pattern was the presence of a homogeneous increase in density at multiple 
sites. The overdistention pattern was defined as air trapping, with increased intercostal spaces and/or flattening 
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of the hemidiaphragms. Pleural effusion was defined as the presence of fluid in the pleural cavity resulting from 
excessive transudation or exudation from the pleural surface26,27. The radiological patterns were independently 
interpreted by two different infectious diseases paediatricians.

We categorized the age range as follows: term neonatal (birth–27 days), infant (28 days–12 months), tod-
dler (13 months–2 years), early childhood (2–5 years), middle childhood (6–11 years), and early adolescence 
(12– < 18 years)28.

Biological samples and DNA extraction
A nasopharyngeal swab was taken from each patient with a nylon swab (FLOQ Swabs; COPAN Murrieta, CA, 
USA). The swab was introduced in 1.5 mL of 0.85% NaCl and transported under refrigeration (4–8 °C), as soon 
as possible. Samples were centrifuged at 6000g for 10 min. The supernatant was decanted and 180uL of ATL 
buffer and 20uL of proteinase K (0.5 mg/mL) were added to the pellet. Samples were incubated at 56 °C for 1.5 h. 
DNA was extracted with QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer’s 
instructions. The DNA was eluted in 200 μL of nuclease-free water and stored at − 20 °C until use.

Two peripheral blood samples were taken, one with EDTA for a complete blood cell count and another with-
out anticoagulant for quantification of C-reactive protein (elevated: > 0.8 mg/L) and detection of IgM and IgG 
by ELISA. Haematological results were interpreted based on the age range of the patient29.

C. pneumoniae DNA standard curves
By using the reported sequence of C. pneumoniae ATCC 53592D, primers were designed with the program 
Primer3 (4.0.0)30–32 for PCR amplification of a fragment of the pst gene (F: ACA​TCC​ATA​ACG​ACG​CCT​TC; R: 
GGG​TGA​TGT​GAT​TGC​TGA​TG; 456 bp) and the arg gene (F: CGG​CAA​CTC​AGG​AGG​AAT​TA; R: TTT​GCA​
ATC​GAA​ACC​ATC​AA; 361 bp). The reaction was performed using an AB9700 thermocycler (Applied Biosys-
tems, Foster City, CA, USA) with 12.5 mL AmpliTaq Gold® 360 MasterMix (Applied Biosystems, Foster City 
CA, USA) and 0.4 pmol/μL primers. Fragments were purified with the QIAquick PCR purification kit (Qiagen, 
Hilden, Germany) and cloned into the pDrive vector (Qiagen, Hilden, Germany) according to the manufacturer’s 
instructions. To determine the real-time PCR detection limit, dilutions of recombinant plasmids of the pst and arg 
genes (107–100 DNA molecules/µL) were prepared; reactions were performed using an ABI-7500-FAST (Applied 
Biosystems, Foster City, CA, USA). The reaction mixture included 12.5 μL TaqMan Universal Master Mix II with 
UNG (Applied Biosystems, Foster City, CA, USA), 0.1 μM each primer for pst and arg, TaqMan probes for pst 
(0.2 μM) and arg (0.1 μM), and 4 mL DNA. We utilized primers and probes previously reported10,11.

Detection of C. pneumoniae in respiratory samples
Detection of C. pneumoniae was performed for the pst and arg genes using real-time PCR with previously 
reported primers and probes10,11. The human RNase P gene was used as a DNA extraction and amplification 
control33. The reaction mixture consisted of 12.5 μL TaqMan Universal Master Mix II with UNG (Applied Bio-
systems, Foster City, CA, USA), 0.1 μM each primer for pst and arg, 0.3 mM primers for RNase P, TaqMan probes 
for pst (0.2 µM), arg and RNase P (0.1 µM), and 4 µL DNA. The reactions were performed in triplicate using an 
ABI-7500-FAST (Applied Biosystems, Foster City, CA, USA).

Serological test
Anti-C. pneumoniae IgM and IgG antibodies were detected in 10 µL of serum with anti-C. pneumoniae IgM-
IgG human ELISA kits (Abcam, Cambridge, UK) according to the manufacturer’s instructions. The results were 
interpreted as follows: positive: > 11 standard units; indeterminate: 9–11; and negative: < 9.

Statistical analysis
The demographic characteristics, such as gender and age of the patients were described using both absolute 
frequencies and percentages, as well as presented in terms of medians and ranges. Furthermore, the distribution 
of underlying diseases, clinical symptoms, and radiographic findings was compared between C. pneumoniae-
positive and C. pneumoniae-negative patients employing χ2 or Mann–Whitney U tests. Effect sizes were deter-
mined using the Phi index or Kramer’s v index in the case of χ2 test comparisons and the r index for comparisons 
conducted through the Mann–Whitney U test. Effect sizes were categorized as small (S), medium (M), or large 
(L) based on the criteria "0.1," "0.3," and "0.5," respectively, with values below 0.1 considered presenting null 
effect (N). A significance level of p < 0.05 was employed for statistical tests. Data analysis was executed utilizing 
the R software and the functions provided by the R package "effectize"34–36.

Ethical approval
This study was approved by the Research and Ethics Committees of the INP  (IRB: 00008064, IRB: 00008065) with 
registration number 2014/058; following the guidelines of the Declaration of Helsinki. Written informed consent 
was obtained from the parent or guardian of each child enrolled in the study. Patient data were deidentified.

Results
The detection limit of the real-time PCR was 100 DNA molecules/μL for the pst [cycle threshold (Ct) 34.407] 
and arg (Ct 34.361) genes. During the study period, 154 paediatric patients with CAP were included, and C. 
pneumoniae was detected in 25 (16.2%). The two genomic targets (pst and arg) were amplified in 13 samples 
(8.5%), the pst gene alone in three (1.9%), and the arg gene alone in nine (5.8%). RNase P gene amplification 
was obtained in all samples (median Ct. 28.1, range 19.1–35) (Table 1).
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Thirty-six percent of the patients with C. pneumoniae were female and 64% were male. Forty percent were 
older than 6 years. The median age of patients with C. pneumoniae was 4.7 years (range 0.4–14.8 years). By age 
group, toddlers were the most frequent (28%), followed by middle childhood (24%) and early childhood (20%). 
The proportions with and without C. pneumoniae were similar within each age group. CAP most often occurred 
during spring (n = 12, 48%), followed by autumn (n = 7, 28%) (Table 2).

A total of 88% of the patients with C. pneumoniae had underlying diseases (P = 0.014), mainly congenital 
(36%) and neurological (16%) (Table 1).

The course of the disease was acute in 56% of the patients. All patients had cough, 88% had fever, and 48% 
had rhinorrhoea. The median duration of cough was 5 days (range 1–90 days), and for fever was 2.5 days (range 

Table 1.   Underlying disease and detection of C. pneumoniae in paediatric patients with CAP. GERD 
gastroesophageal reflux disease, CAP community-acquired pneumonia, ND not determined. Positive genes by 
qPCR are shown in bold.

Key Sex Age group Underlying disease

C. pneumoniae
qPCR (Ct)

pst arg

AT-1 F Older infant None ND 34.287

AT-2 F Adolescent GERD, chronic lung disease ND 28.741

AT-3 M Preschool None ND 31.187

AT-4 M Preschool Down syndrome ND 27.111

AT-6 M Older infant Macrocephaly, congenital heart disease, neurodevelopmental delay ND 30.839

AT-8 F Younger infant Gastroschisis ND 34.129

AT-10 F Adolescent Acute lymphoblastic leukaemia 36.394 33.226

AT-14 M School Acute lymphoblastic leukaemia ND 30.811

AT-15 M School Right hemiparesis, vasculitis ND 32.08

AT-33 M School Gastroschisis, cryptorchidism 24.317 36.136

AT-34 M Adolescent Hypogammaglobulinemia 24.29 35.222

AT-35 M Preschool Chronic kidney failure 29.013 25.684

AT-36 M School None 33.567 30.632

AT-38 F Younger infant Myeloradiculitis 34.38 31.429

AT-39 F Older infant Congenital heart disease, hypogammaglobulinaemia 32.124 28.306

AT-41 F Preschool Cyclical neutropaenia 33.769 29.636

AT-44 M Older infant Global neurodevelopmental delay 30.297 28.806

AT-46 M School AIDS/HIV infection 33.177 32.282

AT-47 M Older infant Acute lymphoblastic leukaemia, Fanconi anaemia 33.627 30.304

AT-53 M Younger infant Encephalopathy, GERD, velopalatal dysfunction 29.263 30.022

AT-54 M Older infant Esophageal atresia 33.743 33.067

AT-55 M Preschool Autoimmune haemolytic anaemia 33.286 31.883

AT-60 M School Aortic stenosis, epilepsy 33.64 31.373

AT-61 F Older infant Chronic lung disease 32.218 32.837

AT-166 F Adolescent Follicular adenoma of the thyroid 29.904 34.491

Table 2.   Demographic characteristics of the patients with CAP. CAP community-acquired pneumonia, ES 
effect size, N none, S small. *P < 0.05, statistically significant.

Characteristic Total, n = 154 (%)

C. pneumoniae

P ES+ (n = 25) − (n = 129)

Sex (female), n (%) 68 (44%) 9 (36%) 59 (46%) 0.37 0.07N

Age (year), median (range) 3.1 (0.04–18.3) 4.7 (0.4–14.8) 3.0 (0.04–18.3) 0.13 0.12S

Older than 6 years, n (%) 42 (27%) 10 (40%) 32 (25%) 0.12 0.13S

Age group, n (%) 0.37 0.19S

 Term neonatal (birth-27 days) 1 (0.6%) 0 (0%) 1 (0.8%)

 Infant (28 days-12 months) 35 (23%) 3 (12%) 32 (25%)

 Toddler (13 months-2 years) 32 (21%) 7 (28%) 25 (19%)

 Early childhood (2–5 years) 44 (29%) 5 (20%) 39 (30%)

 Middle childhood (6–11 years) 22 (14%) 6 (24%) 16 (12%)

 Early adolescence (12– < 18 years) 20 (13%) 4 (16%) 16 (12%)
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1–10 days). Eight percent presented with headache, and 24% experienced vomiting. Regarding respiratory signs, 
93% presented with desaturation, 52% with wheezing, and 68% with crackles. None of these symptoms or clinical 
signs showed statistically significant associations with C. pneumoniae (Table 3). Thirty per cent of the patients 
received community treatment with antibiotics, mainly beta-lactams (Table 3). The median duration of illness 
was 22 days (range 1–98). Median hospital stay was 16 days (range 2–42). For the radiological findings, the 
interstitial pattern was the most frequent (68%); however, consolidation was significantly associated with infec-
tion (32%; P = 0.002). Twenty-eight percent showed a bronchopneumonic pattern, and 16% had overdistention. 
Twelve patients presented a single radiological pattern, and 13 with mixed pattern (Table 3).

Table 3.   Clinical data, radiological presentation and community treatment of the patients with CAP due to C. 
pneumoniae.  CAP community-acquired pneumonia, BMN bronchopneumonia, PICU paediatric intensive care 
unit, Y yes, N no, DX dicloxacillin, CXM cefuroxime, CLR clarithromycin, CEC cefaclor, SXT trimethoprim-
sulfamethoxazole, AM ampicillin, CFM cefixime, AMX amoxicillin, AMC amoxicillin-clavulanate, CN 
cephalexin, LHS length hospital stay.

Key Signs Symptoms X-ray chest Complications
Community 
treatment Schemes

Community 
treatment Duration illness LHS

AT-1 Crackles, wheezing Fever, rhinorrhoea, 
diarrhoea

Interstitial, consoli-
dation

Mechanical ventila-
tion, PICU Y 1 DX (3) 15 14

AT-2 Crackles Fever, headache Interstitial, consoli-
dation None Y 1 CXM (1) 29 29

AT-3 Hypoventilation Fever, pharyngitis, 
vomiting Interstitial Pericarditis Y 4 CLR (8), CEC (7), 

SXT (4), AM (7) 35 10

AT-4 Wheezing, crackles Fever BMN None Y 2 CRO (4), CFM (10) 22 9

AT-6 Wheezing, 
hypoventilation Fever

Interstitial, consoli-
dation, overdisten-
tion

None N 11 8

AT-8 Wheezing, crackles Fever, rhinorrhoea
Consolidation, 
atelectasis, overdis-
tention

None N 28 26

AT-10 Tachycardia Fever Interstitial None N 22 21

AT-14 Tachycardia Fever Interstitial, overdis-
tention None N 23 23

AT-15 Tachycardia, wheez-
ing, crackles

Abdominal pain, 
vomiting

Interstitial, overdis-
tention None Y 2 AMX (3), CRO (1) 36 16

AT-33 Tachycardia, 
crackles Fever, rhinorrhoea Interstitial, consoli-

dation,
Mechanical ventila-
tion, PICU N 45 42

AT-34 Crackles Fever, headache, 
vomiting Interstitial, BMN None Y 1 AMC (7) 17 12

AT-35 Crackles Fever, rhinorrhoea Interstitial None N 11 11

AT-36 None
Fever, rhinor-
rhoea, pharyngitis, 
abdominal pain, 
vomiting

Consolidation Mechanical ventila-
tion, PICU, Dead Y 1 Unknown 17 4

AT-38 Wheezing, 
hypoventilation

Fever, rhinorrhoea, 
vomiting

Interstitial, atelec-
tasis

Mechanical ventila-
tion, PICU N 9 27

AT-39 Wheezing, crackles Fever, rhinorrhoea. 
vomiting BMN Mechanical ventila-

tion, PICU N 39 33

AT-41 Tachycardia, wheez-
ing, crackles Fever, rhinorrhoea Interstitial None N 18 12

AT-44 Wheezing, crackles Rhinorrhoea Interstitial, BMN, 
effusion

Mechanical ventila-
tion, PICU N 98 37

AT-46 Tachycardia, 
crackles Fever BMN, multiple foci None N 8 9

AT-47 Tachycardia, 
crackles

Fever, rhinorrhoea, 
pharyngitis, Interstitial None N 6 7

AT-53 Cyanosis, crackles Fever BMN None N 18 19

AT-54
Tachycardia, 
wheezing, cyanosis, 
crackles, hypoven-
tilation

Fever, rhinorrhoea BMN Mechanical ventila-
tion, PICU N 38 17

AT-55 Tachycardia, wheez-
ing, crackles

Fever, rhinorrhoea, 
pharyngitis, Consolidation

Mechanical ventila-
tion, PICU, Pleural 
effusion

Y 1 CN (1) 32 23

AT-60 Wheezing None Interstitial None N 8 8

AT-61 Wheezing, cyanosis, 
crackles Fever Interstitial None N 29 28

AT-166 Hypoventilation Fever, arthralgias Interstitial None N 1 2
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Complete blood count results were obtained for 23 patients with C. pneumoniae. A total of 17.4% had leu-
kocytosis, 39.1% neutrophilia, 69.6% lymphopenia, and 52.2% monocytosis. C-reactive protein was measured 
in 20 patients: and was reported elevated (> 0.8 mg/L) in 80% (n = 16). No statistical significance was observed 
for any of these data.

Of the 25 patients with C. pneumoniae, serology was performed in 14. One patient had positive IgM and IgG, 
and three were only positive for IgG. In 10 patients (71.4%), no anti-C. pneumoniae antibodies were detected.

Thirty-six percent of the patients presented complications, most of them (n = 8) required admission to the 
paediatric intensive care unit (PICU) for a median of 7 days (range 3–21 days) with mechanical ventilation 
(median 5 days, range 3–19 days) (P = 0.031). In this series, two patients developed pleural effusion, one of them 
also presented with autoimmune hemolytic anemia. Another patient developed pericarditis and one patient died 
with myocarditis (4%). Fifteen patients (64%) had coinfection with M. pneumoniae and three with other bacte-
ria (Streptococcus pyogenes n = 1, Pseudomonas aeruginosa and Escherichia coli n = 1, and methicillin-sensitive 
Staphylococcus aureus n = 1). No respiratory viral co-infections were analysed.

Discussion
The present work describes the contribution of C. pneumoniae as a causal agent of CAP in Mexican paediatric 
patients treated in a tertiary care hospital, with a frequency of 16.2%. A retrospective study carried out in Chinese 
paediatric patients found a similar result (21.8%)37. Frequencies ranging from 0.2 to 18% have been reported 
for other countries13,20,38–45. These differences may be due to the number of patients included in each study, the 
diagnostic method used, and the target genes detected. The tests applied in these studies included nested PCR, 
serology, real-time PCR, and a combination of methods20,38–45. In a study from Brazil, 18% of paediatric patients 
with CAP were infected by C. pneumoniae based on real-time PCR with the 16S rRNA gene as the genomic 
target20; in Poland, 5.5% had positive serology (IgM)38 and 8.8% by nested PCR in Peru40. On the other hand, in 
a study from India in patients with lower respiratory tract infection (LRTI), greater positivity was found by serol-
ogy (13.3%) than nested PCR (2.6%)46. In the present study, the arg gene was positive in 22 samples and the pst 
gene in 16. The real-time PCR assay using the arg gene has been validated by the CDC and is the recommended 
method for detection of C. pneumoniae10. A combination of methods might increase the probability of detection.

Of the patients with CAP due to C. pneumoniae, 64% were boys (P = 0.27). In two studies from India and 
Japan that included 11 and 42 patients, respectively, with LRTI due to C. pneumoniae, a higher frequency in 
males was also reported (73 and 58.8%, respectively)46,47. In contrast, it was more frequent in females in Korean 
paediatric patients (57%)13, whereas no sex predominance was observed in a Peruvian study40. It seems that the 
gender factor is not decisive for the infection.

Traditionally, it has been established that infections due to atypical agents occur more frequently in chil-
dren over 5 years of age; however, in our study, 60% of children with C. pneumoniae were under 6 years of age 
(P = 0.12). Overall, data regarding age distribution differ even in the same country. For example, in China, 
three independent reports showed different frequencies. In a multicentre study carried out from 2008 to 2018, 
a frequency of 52.9% was informed in the group aged 6–10 years47, but a study carried out in a single-centre 
hospital from January 2019 to December 2020 reported that C. pneumoniae was predominant in children older 
than 6 years (64.8%)48. In a third study that included 81 patients with C. pneumoniae, patients were most often 
under 1 year of age (49.4%)49. In Peru, C. pneumoniae predominated in the group of 29 days to 2 months old 
(26.8%), followed by the group of 1 to 5 years (25.4%)40. In India, analysis of 11 patients with LRTIs due to C. 
pneumoniae revealed predominance in children aged two to six months (90.9%)46. These data indicate that unlike 
other infectious agents that cause CAP or LRTI, such as viruses, which mainly affect children aged 4 months 
to 5 years50, Streptococcus pneumoniae, which mainly affects children under 5 years51, and M. pneumoniae, that 
mainly affects children under 6 years52, C. pneumoniae is equally likely to impact any age group.

The seasonality of C. pneumoniae infection has not been established. In this study, it was most often found 
in spring (48%). In a Chinese study, a higher frequency was reported during winter (34.3%)37; in other cohorts, 
a uniform distribution of C. pneumoniae throughout the year was reported38,40,48.

There is limited information on C. pneumoniae as a cause of CAP in paediatric patients with underlying 
diseases39. In our study, 88% had a previous pathology, which was significantly higher than expected (P = 0.014). 
Congenital and neurological diseases were the most frequent, but they were not significantly more common. 
This situation occurs from the nature of our hospital: because it is a tertiary-care hospital, patients are referred 
from institutions with a lower level of specialization, which allowed us to see an epidemiological and clinical 
panorama of patients with comorbidities and disease development that differed from that in those healthy chil-
dren with CAP. To our knowledge, only one study has been conducted in a paediatric population with CAP in 
Vietnam, in which respiratory and cardiac malformations were found to be risk factors for developing severe 
CAP (odds ratio = 11.1)39. It is necessary to carry out more studies in the paediatric population with underlying 
diseases to determine whether such conditions predispose acquisition of CAP by C. pneumoniae or represent a 
risk for complications.

It is important to remark that the clinical signs and symptoms of C. pneumoniae infection are nonspecific and 
do not differ significantly from those caused by other agents as respiratory viruses and atypical pathogens, such 
as M. pneumoniae. In our study, the main symptoms included cough (100%, P = 0.174) and fever (88%, P = 0.955) 
were the most frequent, in accordance with other studies38,53. In contrast, only 52% of Korean children with C. 
pneumoniae CAP developed fever13. In our study, 48% of the patients had rhinorrhoea, but this was not statisti-
cally significant (P = 0.772), contrary to what was reported in a study carried out in 71 Peruvian children with 
acute respiratory infections. (87.3%, P = 0.01)40. This can be explained of wider selection criteria, where upper 
and lower respiratory infections were included, contrary to our study where only CAP diagnoses were selected, 
but could start with a upper tract involvement.
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The frequencies of wheezing (52%, P = 0.218) and crackles (68%, P = 0.402) were similar to those reported 
in Indian children with LRTI due to C. pneumoniae (46.1% and 53.8%, respectively)53. In studies from China 
and Peru, wheezing was found in 38.3 and 38% of patients with LRTI, respectively40,49. All these findings sup-
port the nonspecific clinical manifestations in C. pneumoniae infection, which strengthens the proposal to add 
molecular detection for diagnosis.

Of the radiological findings, the interstitial pattern was the most frequent among patients with C. pneumoniae 
(68%, P = 0.562). In a Polish study, this pattern was reported in 88% of children38, though it was reported in only 
18.1% of Indian children with LRTI46. In this study, the consolidation pattern was statistically significant (32%; 
P = 0.002) and was found with greater frequency than that reported in Chinese children with acute respiratory 
tract infection (10.6%)49. Recently in Korea, 40% of the patients with pneumonia caused by C. pneumoniae 
showed segmental/lobar consolidation, and it was more common in older children (> 13 years old)13. In the 
same study, the bronchopneumonic pattern was the main finding (62%)13; in our study, it was found only in 
28% of patients. On the other hand, 27.2% (n = 3) of Indian patients with LRTI due to C. pneumoniae had no 
abnormalities on radiography46. These patterns are also common in other acute infections such as interstitial for 
viral infections or consolidation in S. pneumoniae, therefore, there is no specific radiological pattern indicative 
of C. pneumoniae infection.

In general, correct interpretation of the complete blood cell count and inflammation markers can lead to 
suspicion of an acute viral or bacterial infection, as occurs with S. pneumoniae and the presence of neutrophilia 
or an increase in lymphocytes in viral infections. However, there are not such clear findings with C. pneumo-
niae. In our study, 17.4% of the patients had leukocytosis, and 80% had elevated CRP, but these differences were 
not statistically significant. In studies carried out in children from Brazil and China, no association was found 
between leukocyte values and CRP with infection by C. pneumoniae20,49. Normal levels of leukocytes have been 
described in patients with C. pneumoniae, but an increase in the count may be observed in severe cases54.

Of the 14 patients for whom serology was performed, only four had anti-C. pneumoniae antibodies (28.6%). 
In the rest, the presence of underlying disease or an early stage of the disease might have affected production 
of antibodies, and it has been described that IgM may appear at 2–3 weeks after the onset of symptoms55. As 
mentioned above, our hospital cares mainly for the paediatric population with underlying pathologies, which 
can interfere with the immune response; thus, serology may not be the optimal method for detection of C. 
pneumoniae in these patients.

Information on C. pneumoniae and the development of complications is scarce. In Spain, of 84 paediatric 
patients with CAP due to atypical bacteria, 20.2% were admitted to the PICU43. In our study, the most frequent 
complication was admission to the PICU and mechanical ventilation (32%). Of these patients, six had underlying 
disease (mainly congenital), which might have influenced the severity of the clinical presentation.

Regarding relevant complications, two patients developed pleural effusion. One of them, a 25-month-old and 
previously healthy male, presented with a significant hematological alteration, characterized by severe anemia 
(hemoglobin 3.6 gr/dl and thrombocytopenia (51,000) as well as leukocytosis (47,000 cells, 45,000 neutrophils), 
a neoplastic process was ruled out, but a Cold-reactive autoimmune hemolytic anemia (cAIHA) was confirmed, 
characterized by hemolysis, a positive Coombs test and positive C3b. In this case other viruses were negative. The 
effusion had characteristics of empyema, required pleural drainage and decortication by open thoracic surgery.

It has been described that cAIHA is usually associated with infections, like M. pneumoniae or Epstein–Barr 
virus (EBV) infection, measles, varicella, influenza and recently with COVID-19 and SARS-CoV-2 vaccination56,57. 
Because this patient had a co-infection with M. pneumoniae, we could not determine which of the two agents 
triggered the cAIHA.

A second patient with pleural effusion was a 10-month-old male who had a neurodevelopmental disorder 
due to perinatal hypoxia, spastic paralysis, and severe malnutrition. He had a very prolonged course of respira-
tory symptoms, with multiple outpatient antimicrobial treatments. He developed complicated pneumonia with 
empyema and a tracheobronchial fistula, requiring thoracentesis, partial pneumonectomy, and tracheostomy. 
This patient was also reported with M. pneumoniae co-infection.

We also report a 30-month-old patient who was admitted for febrile syndrome, pneumonia, and cardiomegaly, 
after ruling out structural heart disease, moderate pericarditis was documented by transthoracic echocardiog-
raphy; this effusion did not require pericardial drainage. Viral agents were ruled out as a cause of pericarditis, 
but we also found that this patient had co-infection with M. pneumoniae.

The presence of pericarditis and even hemorrhagic pericarditis is a well-established entity caused by M. 
pneumoniae or C. pneumoniae. In a recent systematic review, only six cases of pericarditis associated with C. 
pneumoniae were reported, of which half of them were paediatric patients58. In this case, given the co-infection 
with both pathogens and to the fact that pericardial fluid was not obtained, it was not possible to determine which 
of the two pathogens or both contributed to the development of the pericardial effusion.

Mortality ranges from 3.7 to 15% in patients with CAP due to C. pneumoniae. In Brazil, a mortality rate of 
3.7%20 was reported, and it was 15% in Thai children42. In this series, one death was reported, a previously healthy 
11-year-old male adolescent, who developed a basal pneumonia, with myocarditis leading to cardiogenic shock 
and complete AV block, who died 72 h after his admission for the cardiac complication. This patient also had 
co-infection with M. pneumoniae. Cardiac involvement due to C. pneumoniae is well established, however, the 
reported cases of myocarditis due to this agent in paediatric age are limited; like the other cases described in 
this series, it is not possible to establish a direct causal relationship of C. pneumoniae given the co-infection with 
M. pneumoniae that causes myocarditis as well59 This highlights the low availability of diagnostic methods for 
atypical bacteria in hospitals in our country, as well as the lack of diagnostic suspicion on the part of clinical staff.

One of the most important findings that we detected in this study is the association with M. pneumoniae, 
because 15 patients had coinfection with this pathogen (60%). In Peru, this coinfection was detected in three of 
146 patients (2.06%)60; in Chinese children with RTI, it was reported in 36.2% of 724 patients37. Another study 
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in Japan reported the simultaneous presence of the two agents in 0.4% of patients, which was associated with a 
higher proportion of fever (100%) than infection by C. pneumoniae alone (50%)47. In a Korean study, Haemophi-
lus influenzae was the main coinfecting bacterium (62%) followed by S. pneumoniae (29%)13. Recently, coinfection 
with C. pneumoniae or M. pneumoniae was found in 7.7% of children infected with SARS-CoV-2. This coinfec-
tion required that 26% of patients be admitted to the PICU, whereas only 2.7% of those who were only infected 
with SARS-CoV-2 required intensive care in the PICU61. These results show that simultaneous infection of C. 
pneumoniae with another pathogen can influence the clinical presentation and lead to a more severe course of 
the disease. Detection of these coinfections is improved by molecular techniques detecting multiple respiratory 
pathogens62. In this study, it was not possible to detect co-infection with other respiratory viruses.

Our work has some limitations. Because this study was carried out only in a reference hospital centre, it does 
not represent the complete epidemiology of CAP due to C. pneumoniae in our country. The INP is a third-level 
hospital that concentrates the population that is referred from other first- and second-level centres, mainly involv-
ing patients with underlying conditions. On the other hand, by clinical condition it was not possible to obtain a 
blood sample from all patients to perform the complete blood cell count, C-reactive protein measurement, and 
anti-C. pneumoniae antibody detection.

In the future, we consider to perform a multicentre study in Mexico that includes healthy paediatric popula-
tion, on the other hand, its necessary to know the role of C. pneumoniae in extrapulmonary conditions and in 
patients with asthma.

Conclusions
This study represents the first series report in Mexico of C. pneumoniae as a cause of CAP in paediatric patients. 
It was found in 16.2% of our CAP patients, mainly in children under 6 years of age. This study is one of the 
few to describe the presence of C. pneumoniae in patients with underlying diseases. Thirty-six percent of the 
patients presented complications. And we found a high co-infection with M. pneumoniae. Timely detection of 
this pathogen using molecular techniques allows early administration of appropriate antimicrobial treatment 
and thus reduces development of associated complications.

Data availability
All the data supporting our findings are contained within the manuscript.
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