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Mycoplasma pneumoniae: características clínicas diferenciales y dificultades 
diagnósticas de las neumonías atípicas en niños

Introducción: la neumonía por Mycoplasma pneumoniae continúa estando infradiagnosticada en las 
consultas de Pediatría de Atención Primaria, especialmente en los niños más pequeños. 
Material y métodos: estudio prospectivo en 9 cupos pediátricos, sobre niños desde 1 mes a 14 años con 
neumonía diagnosticada mediante radiografía y clínica compatible. Diagnóstico etiológico mediante se-
rología en la fase aguda. Se analiza la relación de diferentes variables con la etiología atípica y no atípica. 
Resultados: de los 92 pacientes incluidos, un 30,4% fueron neumonías atípicas que, a pesar de no ser 
raras en menores de 2 años (26% del total a esta edad), predominaron en los mayores de 5 años (80,9%). 
La edad media en meses fue significativamente mayor en atípicas (74,2 ± 42,2), que en las no atípicas 
(35,9 ± 33,8; p <0,0001). La congestión nasal (42,8%; OR: 1,8; p <0,01) y la taquipnea (64,2%; OR: 2,4;  
p <0,014) fueron significativamente más frecuentes en las no atípicas y en las atípicas, respectivamente. 
El patrón alveolar se observó en el 53,6% de las neumonías atípicas, sin diferencias con las no atípicas. 
Solamente un 25% de las neumonías atípicas fueron correctamente tratadas inicialmente con macró-
lidos en monoterapia sin existir diferencias en cuanto a su evolución con respecto a la elección de un 
tipo u otro de terapia antibiótica. Las neumonías no atípicas precisaron antibioterapia intravenosa con 
una mayor frecuencia (15,6%) de forma no estadísticamente significativa. 
Conclusión: las neumonías por gérmenes atípicos parecen más prevalentes en niños pequeños de lo 
previamente descrito, en ocasiones en coexistencia con virus. Su mejor diagnóstico y tratamiento con-
tinúan siendo un reto por resolver.

Introduction: pneumonia caused by Mycoplasma pneumoniae continues to be underdiagnosed in pae-
diatric primary care, especially in younger children.
Material and methods: prospective study conducted in 9 primary care paediatric caseloads, including 
children aged 1 month to 14 years with pneumonia diagnosed based on compatible radiographic find-
ings and clinical features. The aetiological diagnosis was made by acute-phase serological testing. We 
analysed the association of different variables with atypical and typical aetiologies.
Results: of the 92 patients in the sample, 30.4% had atypical pneumonias which, while not rare in 
children under 2 years (26%) predominated in children over 5 years (80.9%). The mean age in months 
was significantly higher in cases with an atypical (74.2±42.2) versus typical (35.9±33.8) aetiology 
(p<0.0001). Nasal congestion (42.8%; OR 1.8; p<0.01) and tachypnoea (64.2%; OR 2.4; p<0.014) were 
significantly more frequent in typical pneumonia. The alveolar pattern was observed in 53.6% of atyp-
ical pneumonias, with no differences compared to typical pneumonias. Only 25% of atypical pneumo-
nia cases were treated correctly with first-line macrolide monotherapy, with no differences in outcomes 
based on the choice of antibiotherapy. Patients with typical pneumonia required intravenous antibi-
otic therapy more frequently (15.6%), but the difference was not statistically significant.
Conclusion: atypical germs were more frequent at younger ages than previously described, in some 
cases with concomitant detection of viruses. Improving the diagnosis and treatment of atypical pneu-
monia remains a challenge.
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INTRODUCTION

Community-acquired pneumonia (CAP) is a fre-
quent reason for primary care visits, and in most 
cases its aetiological diagnosis poses a significant 
challenge.1-3 In the past decade, changes in epide-
miological trends show that the clinical and radio-
graphic characteristics defined traditionally do not 
always help achieve an accurate diagnosis in clini-
cal practice, as evinced by different studies.4-7 Even 
in the hospital setting, microbiological tests are 
not sensitive or specific enough, and the aetiology 
of pneumonia can only be established in 40-80% 
of cases.8

The main aetiological agents are believed to be viral 
and pneumococcal, with viruses involved mainly in 
children under 5 years and pneumococci in children 
of any age. In the past 15 years, there has been an 
increase in the incidence of cases caused by atypical 
viruses and bacteria, which may account for up to 
30% of cases of CAP. Thus, depending on the signs 
and symptoms, it may be difficult to differentiate 
between typical and atypical pneumonia. 

Therefore, knowledge of current epidemiological 
trends is important in order to revise and improve 
guidelines for the management of pneumonia in 
paediatric practice. In this study, we analysed the 
characteristics of cases of pneumonia of atypical 
aetiology compared to all other cases to guide the 
management of this disease in paediatric patients 
at the primary care level.  

MATERIAL AND METHODS

We conducted a prospective observational and 
analytical study in 9 primary care paediatric 
caseloads in the province of Zaragoza, Spain, in-
cluding children aged 1 month to 14 years with 
pneumonia diagnosed based on compatible radio-
graphic findings and clinical features in a 2-year 
period. The anteroposterior chest X-ray was con-
sidered the gold standard for diagnosis of CAP. 

The case definition of pneumonia was the presence 
in a previously healthy patient of compatible res-

piratory symptoms associated with an alveolar, in-
terstitial, mixed or undefined radiographic pattern.

We excluded patients aged less than 1 month and 
more than 14 years, with primary or secondary im-
munodeficiency, oncological disease, lung disease 
(cystic fibrosis, poorly controlled asthma, lung se-
questration, bronchiectasis, bronchopulmonary 
dysplasia), encephalopathy with a risk of broncho-
aspiration or with a positive Mantoux test, cases of 
pneumonia in children that were hospitalised 7 to 
14 days before the onset of symptoms or who had 
the onset in the first 48 hours of the hospital stay, 
patients that received a diagnosis of pneumonia 
from a clinician other than the one usually in-
volved in the study or who had received the diag-
nosis in a different department with a time inter-
val greater than 5 days, and patients for whom we 
were unable to obtain informed consent.

The primary outcome was the type of pneumonia 
(atypical vs non-atypical, including pneumococcal 
and viral cases), and the secondary outcomes in-
cluded demographic variables (age, sex) epidemio-
logical variables (history of bronchitis and/or 
pneumonia, vaccination), clinical variables (tem-
perature, cough, respiratory rate [RR] applying the 
World Health Organization [WHO] criteria,9 short-
ness of breath, oxygen saturation and other ex-
trapulmonary manifestations), radiological fea-
tures, laboratory features (white blood cell count, 
neutrophils, C reactive protein [CPR], IgM antibod-
ies against Mycoplasma pneumoniae) and treat-
ment-related variables. 

The diagnosis of atypical pneumonia was based on 
serologic testing for detection of M. pneumoniae 
(enzyme-linked immunoassay [ELISA] technique 
based on the reaction of antibodies in the sample 
with the antigen bound to the polystyrene sur-
face), which can quantify IgM with a sensitivity of 
81-89% in children.10,11 

The case definition of non-atypical pneumonia in-
cluded cases of probable pneumococcal aetiology 
(not meeting the criteria for other types of pneu-
monia), mixed aetiology (simultaneous detection 
of more than 2 pathogens) and cases of viral aeti-
ology diagnosed based on positive results of viral 
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panel testing (respiratory syncytial virus [RSV], in-
fluenza A and B, parainfluenza 1, 2, and 3, metap-
neumovirus and adenovirus) in nasopharyngeal 
aspirate (NPA) samples. 

All collected data were handled in adherence to 
Organic Law 15/99 on the protection of personal 
data. The study database did not include any per-
sonal identifiable information. Each patient was 
assigned a code known only to the research team. 
The study was approved by the Research Ethics 
Committee of the Autonomous Community of 
Aragon (CEICA) on February 17, 2017, under file 
C.P.C.I. PI17/0000, minute no. 02/2017.  

Statistical analysis

We conducted a descriptive analysis, summarising 
quantitative variables with measures of central 
tendency and dispersion (mean, median and 
standard deviation) and qualitative variables with 
absolute frequencies and percentages with the 
corresponding 95% confidence intervals (CIs). In 
the inferential analysis, we assessed the associa-
tion between variables by calculating odds ratios 
(ORs) and mean differences (MDs) with the corre-
sponding 95% CIs. We assessed the statistical sig-
nificance by means of the chi square test with the 
Yates correction or the Fisher exact and Student t 
tests. If any of the distributions were not normal in 
the mean comparison test, we used the nonpara-
metric Mann-Whitney U test. We performed uni-
variate analyses to assess the association of clini-
cal, laboratory and radiological variables with the 
potential aetiology. We also fitted a multivariate 
logistic regression model to predict the type of 
pneumonia based on different variables, including 
those that appeared to be associated with the type 
of pneumonia based on the results of the univari-
ate analysis (if p <0.10) or biological plausibility. 
For all tests, we defined statistical significance as  
p ≤0.05.

Lastly, we analysed the agreement between the 
initial diagnoses of suspected atypical pneumonia 
made by collaborating clinicians based on clinical 
and radiographic features and the diagnoses of 

atypical pneumonia based on positive serological 
test results. We excluded cases with an initial diag-
nosis of undefined or mixed pneumonia to facili-
tate the concordance analysis..

RESULTS

The study included a total of 92 patients, 30.4% 
(95% CI: 21.9 to 40.5%) with a diagnosis of atypical 
pneumonia caused by M. pneumoniae and 69.6% 
with non-atypical forms of pneumonia. Of the pa-
tients with atypical pneumonia, 64.3% (95% CI: 
45.8 to 79.3%) were female, compared to 48.4% 
(95% CI: 36.6 to 60.4%) of patients with non-atyp-
ical pneumonia, a difference that was not statisti-
cally significant. 

Samples for serologic testing for detection of M. 
pneumoniae could be obtained in 81 patients. 
High titres of IgM antibodies against M. pneumo-
niae were detected in 39.5%. Of these cases, 14.2% 
were mixed infections by M. pneumoniae and a 
virus (chiefly RSV). When it came to serological 
testing for atypical pathogens, one patient was 
found to have a mixed infection by M. pneumoniae 
and Chlamydia pneumoniae, and another patient 
tested triple-positive for M. pneumoniae, cytomeg-
alovirus and parvovirus B19.

Serologic tests were chiefly positive in children 
aged more than 5 years (80.9%; 95% CI: 60 to 
92.3%), but accounted for only 26% of cases in chil-
dren under 3 years (95% CI: 12.5 to 46.5%) (Table 1).

The mean age in months was significantly higher 
in cases of atypical pneumonia (74.2 ± 42.2 
months) compared to the rest (35.9 ± 33.8 months); 
MD: 38.32 (95% CI: 20.11 to 56.54; p <0.001). 

November and April (each of which accounted for 
17.5% of atypical cases of pneumonias) were the 
months with the highest incidence of atypical 
pneumonia, although the difference compared to 
other months was not statistically significant.

Bronchitis was the most frequent relevant feature 
of the past history, and was more frequent in cases 
of non-atypical pneumonia (26.56%) compared to 
typical pneumonia (17.8 %), without significant 
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differences, which was also the case in the analysis 
of the past history of pneumonia. 

As can be seen in Table 2, there were no significant 
differences in the clinical presentation and certain 
signs between atypical and non-atypical pneumo-
nia. Fever above 38 °C was less frequent in atypical 
pneumonia cases, however, in the subset of cases 
presenting without fever (n = 5), 60% were of 
atypical pneumonia. Severe cough occurred in a 
higher proportion of patients with atypical pneu-
monia, but was absent in 3.6% of atypical cases. 
Other features that were not significantly associ-
ated with atypical pneumonia were gastrointesti-
nal symptoms, conjunctivitis, general malaise, 
pain in the ribs, painful swallowing, cutaneous 
exanthema and hypoxaemia with a Sat O2 <92%, 
although they occurred in a lesser proportion 
compared to non-atypical pneumonia cases. In 
contrast, nasal congestion was significantly more 
frequent in non-atypical cases (42.8%; OR: 1.8; p 
<0.01) and tachypnoea in atypical cases (64.2%; 
OR: 2.4; p = 0.0144). Most patients did not exhibit 

shortness of breath, a feature that was only found 
in 7.1% of cases due to M. pneumoniae. We ought 
to highlight that out of all patients who experi-
enced rib pain, 60% received a diagnosis of atypi-
cal pneumonia and 40% of non-atypical pneumo-
nia.

Figure 1 shows the lack of significant differences 
between the types of pneumonia in the radio-
graphic patterns described above and in the pres-
ence of pleural effusion. A single case caused by M. 
pneumoniae could not be classified into any of the 
radiographic patterns by the researcher. Thus, we 
ought to highlight that the alveolar pattern was 
found in a percentage of cases of atypical pneumo-
nia that was very close to the one found in the 
other group, while the interstitial pattern was 
more frequent in atypical pneumonia compared to 
non-atypical pneumonia, although the difference 
was not statistically significant (p = 0.5042). Pleu-
ral effusion was slightly more frequent in atypical 
pneumonia compared to non-atypical pneumonia, 
although not significantly so (p= 0.9890).

Table 1. Frequency of cases with a positive serologic test for detection of IgM against M. pneumoniae by age group

M. pneumoniae serology
≤24 months 25-60 months >60 months Total

N % N % N % N %
Positive 6 26.09 9 24.33 17 80.95 32 39.51
Negative 17 73.91 28 75.67 4 19.05 49 60.49
Total 23 28.39 37 45.68 21 25.93 81 100

Table 2. Distribution of clinical characteristics in atypical and non-atypical pneumonia

Clinical characteristics Atypical pneumonia 
n = 28

Non-atypical pneumonia
n = 64 p value

n (%) n(%)
Fever ≥38 °C 23 (82.14) 59 (92.18) 0.2890
Severe cough 20 (71.42) 43 (67.18) 0.8736
Gastrointestinal symptoms 4 (14.28) 13 (20.31) 0.6940
Rib pain 3 (10.71) 2 (3.12) 0.1631
Nasal congestion 12 (42.85) 51 (79.68) <0.001
Cutaneous exanthema 1 (3.57) 2 (3.12) 0.9911
Odynophagia 2 (7.14) 3 (4.68) 0.9983
Conjunctivitis 0 (0) 4 (6.25) 0.3101
General malaise 5 (17.85) 13 (20.31) 0.7847
Tachypnoea 18 (64.28) 20 (31.25) 0.0144
Hypoxaemia: O2 saturation ≤92% 3 (10.71) 7 (10.93) 0.9740
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Table 3 presents the laboratory test values and 
their comparison. The white blood cell and neutro-
phil counts were slightly higher in non-atypical 
pneumonia, but the difference was not statisti-
cally significant. None of the patients with infec-
tion by M. pneumoniae had CRP levels >6 mg/dl. 
The CPR levels were higher in the non-atypical 
pneumonia group (6.6 ± 10.7 mg/dl) compared to 
the atypical pneumonia group (1.7 ± 1.7 mg/dl), 
with a MD of −4.8 (95% CI: −7.6 to −1.9; p = 0.0612).

The frequency of admission in non-atypical pneu-
monia cases (27.2 %; 95% CI:  21.2 to 43.4%) was 
significantly higher compared to atypical pneumo-
nia (7.1%; 95% CI:  1.9 to 22.6%) (OR: 1.4; 95% CI:  
1.1 to 1.7; p = 0.0490), without differences in the 
reasons for admission. 

We found significant differences in the use of 
amoxicillin (OR: 2.7; 95% CI: 1.1 to 6.9; p = 0.0286) 
to treat non-atypical compared to atypical pneu-
monia, and the use of azithromycin (RP: 4.1; 95% 
CI: 2.7 to 5.8; p = 0.0002) to treat atypical pneumo-
nia compared to all other aetiologies; however, 
there were no differences in the frequency of com-

bined treatment, which was very similar in non-
atypical and atypical pneumonia (OR: 0.4; 95% CI: 
0.1 to 1.4; p = 0.3154). Thus, as can be seen in Figu-
re 2, a fourth of cases of atypical pneumonia were 
correctly treated with azithromycin as monothera-
py and 21.42% with combined therapy with amox-
icillin and azithromycin, without significant differ-
ences in the choice of antibiotherapy (OR: 2.2; 95% 
CI: 0.6 to 7.3; p = 0.3154). Intravenous antibiother-
apy was mainly used in cases of non-atypical 
pneumonia, a result that was not significant. 

In terms of clinical outcomes, a duration of fever > 
48 horas was more frequent in non-atypical pneu-
monia cases (25%) compared to typical pneumo-
nia cases (11.1%), without significant differences. 
However, at 1 month of treatment, cough persist-
ed more frequently in atypical pneumonia cases 
(11.1%; 95% CI: 3.8 to 28.1 %; p = 0.3153), although 
the lung and heart sounds on auscultation nor-
malised earlier in this group (88.9%; 95% CI: 71.9 
to 96.1 %; p = 0.2172). 

Tables 4 and 5 present the variables that were sig-
nificantly associated with the type of pneumonia. 

Figure 1. Percent distribution of radiographic patterns and pleural effusion in atypical and non-atypical pneumonia cases (n = 91)
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Table 3. Distribution of laboratory test results in atypical and non-atypical pneumonia. Quantitative variables 
expressed as mean ± standard deviation if they followed a normal distribution (white blood cell count), and 
otherwise as median and interquartile range

Atypical 
pneumonia

Non-atypical 
pneumonia

MD; 95% CI and statistical significance

WBC count x 1000 n = 28 n = 60
Mean 10 817 12 013 -1196; -3590 to 1199 (p = 0,3220)
Standard deviation 5015 5662
Median 9500 10 800
Interquartile range 7400-13 575 7875-15 225
Mode 5800 10 900

Neutrophil count 
x 1000 

n = 28 n = 60
Mean 5260 6376 -1116; -3150 to 918 (U de Mann Whitney,  

p = 0,4965)*
Standard deviation 3992 5311
Median 4600 4150
Interquartile range 2450-5975 2700-8750
Mode 4800 2700

CRP (mg/dl) n = 24 n = 60
Mean 1.79 6.59 -4,80; -7,65 to -1,95 (U de Mann Whitney,  

p = 0,0612)*
Standard deviation 1.71 10.72
Median 0.92 2.40
Interquartile range 0.38-2.33 0.46-6.28
Mode 0 0

CI: confidence interval; CRP: C-reactive protein; MD: mean difference; WBC: white blood cell.
1Mann-Whitney U test, significant if p <0.05.

Figure 2. Percent distribution of most frequently used antibiotic agents in atypical and non-atypical pneumonia cases (n = 92)
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We also conducted a multivariate analysis com-
paring the three main types of pneumonia (bacte-
rial with suspected pneumococcal aetiology, atypi-
cal bacterial and viral). The mean age was 
significantly greater in atypical pneumonia com-
pared to suspected pneumococcal pneumonia. 
Furthermore, the proportions of patients with hy-
poxemia and admitted to hospital were lower in 
atypical pneumonia cases compared to all other 
types. The CRP levels were only significantly higher 
in cases of viral pneumonia compared to cases of 
atypical pneumonia. 

Lastly, the concordance between the initial diagno-

sis of suspected atypical pneumonia and the final 
diagnosis of atypical pneumonia confirmed by 
positive serological test results corresponded to a 
Fleiss kappa coefficient of 0.26, which represents a 
weak correlation (Table 6).

Thus, the diagnosis of suspected atypical pneumo-
nia was only confirmed in 6 out of 28 cases (21.4%). 
However, the diagnosis of non-atypical pneumo-
nia turned out to be correct in 91.6% of cases (44 
out of 48). The PPV of suspicion based on clinical/
radiographic features was 60% (95% CI: 29.6 to 
90.3%) and the NPV was 66.6% (95% CI: 55.3 to 
78.1%). The sensitivity of the clinical diagnosis of 

Table 4. Summary of main results of the univariate analysis comparing suspected pneumococcal pneumonia and 
atypical pneumonia. Quantitative variables expressed as mean ± standard deviation if they followed a normal 
distribution (white blood cell count), and otherwise as median and interquartile range (neutrophils and CRP)
Total 92 (100%) Pneumococcal bacterial 

pneumonia 
n (%)

Atypical bacterial 
pneumonia 

n (%)

Magnitude
(95% CI)

p value

Age 
≤2 years (n = 14)
>2 years (n = 45)

9 (29.03)
22 (70.97)

5 (17.86)
23 (82.14)

OR: 1.88
(0.54 to 6.50)

0.4832

Age 
≤5 years (n = 41)
>5 years (n = 18)

29 (93.55)
2 (6.45)

12 (42.86)
16 (57.14)

OR: 19.33
(3.84 to 97.36)

<0.001

Age in months, mean (SD) 32.68 (21.14) 74.25 (42.21) DM: -41.57
(-59.45 to 23.69)

<0.001

Tachypnoea
Yes (n = 28)
No (n = 26)

10 (35.71)
18 (64.29)

18 (69.33)
8 (30.77)

OR: 0.25
(0.08 to 0.77)

0.0285

Hypoxaemia (Sat O2 ≤92%)
Yes (n = 4)
No (n = 51)

1 (3.23) 3
30 (96.77)

3 (12.50)
21 (87.50)

OR: 0.23
(0.02 to 2.40)

0.4295

Moderate chest retractions 
(subcostal/intercostal)
Yes (n = 5)
No (n = 54)

5 (16.13)
26 (83.87)

0 (0)
28 (100)

RP: 2.08
(1.57 to 2.74)

0.0796

Conjunctivitis
Yes (n = 0)
No (n = 59)

0 (0)
31 (100)

0 (0)
28 (100)

Nasal congestion
Yes (n = 34)
No (n = 25)

22 (70.97)
9 (29.03)

12 (42.86)
16 (57.14)

OR: 3.36
(1.11 to 9.57)

0.0511

Admission
Yes (n = 6)
No (n = 53)

4 (12.90)
27 (87.10)

2 (7.14)
26 (92.86)

OR: 1.93
(0.32 to 11.43)

0.7644

CRP (mg/dl), mean (SD) 4.60 (10.18) 1.54 (1.70) DM: 3.06
(-0.72 to 6.84)

0.7544

CI: confidence interval; CRP: C-reactive protein; MD: mean difference; OR: odds ratio; PR: prevalence ratio; Sat O2: oxygen saturation;  
SD: standard deviation. 
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atypical pneumonia was 21.4% (95% CI: 6.2 to 
36.6%), the specificity 91.6% (95% CI: 83.85% a 
99.4%), the false positive rate (FPR) 8.3%, the false 
negative rate (FNR) 78.5%, the positive likelihood 
ratio (LR+)  2.5 (95% CI: 0.8 to 8.3) and the negative 

likelihood ratio (LR−) 0.8 (95% CI: 0.6 to 1.1). These 
likelihood ratios (according to the Evidence-Based 
Medicine Working Group) are in ranges that cor-
respond to small (but sometimes important) 
changes in probability.

Table 5. Summary of main results of the univariate analysis comparing viral pneumonia and atypical pneumonia. 
Quantitative variables expressed as mean ± standard deviation if they followed a normal distribution (white 
blood cell count), and otherwise as median and interquartile range (neutrophils and CRP
Total 92 (100%) Viral pneumonia

n (%) 
Atypical bacterial 

pneumonia
n (%) 

Magnitude
(95% CI)

p value

Age 
≤2 years (n = 16)
>2 years (n = 32)

11 (55.00)
9 (45.00)

5 (17.86)
23 (82.14)

OR: 5.62
(1.52 a 20.80)

0.0173

Age 
≤ 5 years (n = 29)
> 5 years (n = 19)

17 (85.00)
3 (15.00)

12 (42.86)
16 (57.14)

OR: 7.56
(1.79 a 31.81)

0.0082

Age in months, mean (SD) 36.15 (44.51) 74.25 (42.21) DM: 38.10
(12.31 a 63.88)

<0.001

Tachypnoea
Yes (n = 24)
No (n = 22)

6 (35.29)
14(64.71)

18 (69.33)
8 (30.77)

OR: 0.19
(0.05 a 0.68)

0.0605

Hypoxaemia (Sat O2 ≤92%)
Yes (n = 8)
No (n = 35)

5 (26.32)
14 (73.68)

3 (12.50)
21 (87.50)

OR: 2.50
(0.51 a 12.17)

0.4463

Moderate chest retractions 
(subcostal and intercostal)
Yes (n = 6)
No (n = 42)

6 (30.00)
14 (70.00)

0 (0)
28 (100)

RP: 3.00
(1.95 a 4.60)

0.0080

Conjunctivitis
Yes (n = 4)
No (n = 44)

4 (20.00)
16 (80.00)

0 (0)
28 (100)

RP: 2.75
(1.86 a 4.06)

0.0211

Nasal congestion
Yes (n = 30)
No (n = 18)

18 (90.00)
2 (10.00)

12 (42.86)
16 (57.14)

OR: 12.00
(2.32 a 61.95)

0.0022

Admission
Yes (n = 12)
No (n = 36)

10 (50.00)
10 (50.00)

10 (50.00)
10 (50.00)

OR: 13.00
(2.41 a 70.05)

0.0023

CRP (mg/dl), mean (SD) 7.63 (9.57) 1.79 (1.71) DM: -5.83
(-10.49 a -1.19)

0.0111

CI: confidence interval; CRP: C-reactive protein; MD: mean difference; OR: odds ratio; PR: prevalence ratio; Sat O2: oxygen saturation;  
SD: standard deviation. 

Table 6. Absolute frequency distribution of M. pneumoniae serologic tests results according to the suspected 
pneumonia diagnosis
  Positive serology Negative serology Total
Atypical pneumonia 6 4 10
Non-atypical pneumonia 22 44 66
Total 28 48 76
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DISCUSSION 

Our study included a total of 92 patient, of who 28 
had pneumonia caused by M. pneumoniae, in 
most cases diagnosed at the PC level and with a 
favourable outcome with empiric antibiotherapy. 

In this case series, atypical pneumonia was diag-
nosed in 30% of the patients and mixed pneumo-
nia in 4% in whom M. pneumoniae was associated 
with another pathogen, usually a virus. Eighty per-
cent of positive serologic tests for M. pneumoniae 
occurred in patients older than 5 years, however, in 
the remaining age groups, the proportion of posi-
tive tests was as high as 30%, a figure that ought 
to be taken into account when it comes to suspect-
ing atypical aetiological agents in other ages.12-15 
These findings were consistent with those of other 
studies, which have reported a frequency of atypi-
cal agents of 30-40%.16-18 Still, there is no consen-
sus as to the role of coinfection with M. pneumo-
niae and a viral agent in terms of prognosis and 
outcomes, and it is not possible to determine 
whether these cases of infection by both agents 
are cases of concurrent coinfection or secondary 
superinfection.19,20

Thus, we were able to establish the approximate 
incidence of infection by atypical pathogens in our 
catchment population. We found that a high pro-
portion of these infections occurred in children 
under 5 years, with a mean age below the one tra-
ditionally described. The high proportion may be 
explained by enrolment in educational facilities 
and therefore sensitization that predisposes to 
more severe infection with additional exposure to 
the microorganism at earlier ages. But it could also 
be attributed to a limitation of the study, as the 
diagnosis was based on IgM antibody tests and 
IgM levels do not increase during reinfection, when 
there is a rapid IgG and IgA antibody response that 
was not assessed in the sample, so that some cas-
es may have been missed in school-age children 
and adolescents. Furthermore, a hospital-based 
study by Wood et al,17 among others, found a 56% 
prevalence of colonization by M. pneumoniae in 
healthy children using PCR tests in nasopharyn-

geal samples and serologic tests (Ig M and Ig G). 

Notwithstanding, the proportion of atypical pneu-
monia in our study was relevant and consistent 
with the recent literature,2,5,26 which suggests that 
this type of pneumonia is underdiagnosed in the 
paediatric population and that its actual incidence 
remains unknown.

Age was one of the main variables under study 
and, consistent with the previous literature, atypi-
cal pneumonia was more frequent in children 
aged more than 60 months. Until recently, age was 
considered the chief predictor of the type of pneu-
monia.21-24 In agreement with the majority of the 
published series,23,24,27,28 the mean age was sig-
nificantly higher in cases of atypical pneumonia 
compared to all other types. 

Chief among the most frequent manifestations in 
cases of pneumonia caused by M. pneumoniae 
were fever, cough, nasal congestion, general ma-
laise, gastrointestinal symptoms and tachypnoea, 
with a significant difference in the latter compared 
to non-atypical pneumonia, especially cases of 
suspected pneumococcal aetiology. Few studies 
have explored this aspect,29 and this was an inter-
esting finding given that this form of pneumonia 
tends to have a more insidious onset, so that diag-
nosis may be delayed. Some of these studies only 
found patients with tachypnoea when pneumonia 
involving M. pneumoniae was associated with viral 
infection.29 Similarly, and contrary to the most in-
sidious course of this type of pneumonia, Sønder-
gaard et al29 found that cough was found in 100% 
of cases of atypical pneumonia with tachypnoea.

On the other hand, rib pain was three times more 
frequent in atypical pneumonia cases compared to 
the rest, a finding that may have been influenced 
by the higher age of the patients, who had the abil-
ity to verbalise subjective symptoms such as pain 

Among the cases with an alveolar pattern, the pro-
portions of atypical and non-atypical pneumonia 
were similar, contrary to previous descriptions,10 

and consistent with the most recent studies, in 
which no specific pattern appears to be exclusively 
associated with a particular aetiology.5,6,22,30. Lo-
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bar consolidation can no longer be considered 
pathognomonic of typical bacterial pneumonia, 
since it is found in a large proportion of cases of 
atypical pneumonia that increases with viral coin-
fection.23,29,30

Another finding worth highlighting is that the 
relative frequency of pleural effusion was very sim-
ilar in cases of pneumonia caused by M. pneumo-
niae and cases of a non-atypical aetiology, which 
was similar to the results of recent studies that 
have found proportions of up to 18% in cases as-
sociated with viral infection.29 Generally, these are 
small effusions with little clinical impact. 

On the other hand, we found that laboratory mark-
ers were nonspecific in regard to the bacterial ae-
tiology and only provided information that could 
complement the diagnosis, as demonstrated by 
other authors.31,32 In addition, the efficacy of sero-
logic testing as the sole diagnostic method is par-
ticularly controversial in the case of M. pneumoni-
ae, and it has been demonstrated that its use in 
combination with polymerase chain reaction (PCR) 
for detection of bacterial DNA is more efficacious. 
Further advance in this field need to occur before it 
is possible to obtain quick and reliable results that 
can guide decision-making at the PC level. 

Most patients in our series received amoxicillin via 
the oral route, used correctly as monotherapy in 
80% of cases of non-atypical pneumonia, but it 
was also prescribed in half the cases of atypical 
pneumonia, with good outcomes. Only one fourth 
of atypical cases were treated with macrolides 
based on the suspected diagnosis, and we found 
no differences in the outcomes compared to treat-
ment with a beta-lactam antibiotic, a finding that 
was consistent with the results of some system-
atic reviews.18,33 We ought to underscore the reso-
lution of symptoms with the use of amoxicillin, 
without needing to resort to a macrolide, despite 
the detection of M. pneumoniae. The benefits of 
antibiotherapy in children with infection by M. 
pneumoniae have not been studied adequately.33 
Several systematic reviews18,33,34 have yielded sim-

ilar results, according to which the benefits of us-
ing macrolides to treat pneumonia caused by M. 
pneumoniae are unclear in children. In conse-
quence, some authors consider that antibiothera-
py is unnecessary in these atypical respiratory in-
fections, as they tend to be self-limiting, although 
antibiotic treatment would reduce the duration of 
symptoms and the rate of transmission. This evinc-
es the pressing need to improve the initial aetio-
logical diagnosis. 

One of the main limitations of the study concerns 
the statistical power derived from the sample size 
(n = 92), which may have led to results that were 
not statistically significant but could have been, 
indicating a changing trend, if more cases had 
been included. We applied a classification of the 
type of pneumonia that took into account the lim-
itations or unavailability of the aetiological diag-
nosis methods in the PC setting. Therefore, the as-
sumptions made in the study call for caution in the 
interpretation of its results. 

Due to limitations in the aetiological diagnosis 
methods available at the PC level, we considered 
valid positive results for IgM against M. pneumo-
niae obtained through a qualitative method (ELI-
SA) in the first week from onset. It is known that 
there are no tests sensitive enough to allow a rapid 
and reliable diagnosis of infection by M. pneumo-
niae. The management guideline of the IDSA rec-
ommends performance of serologic testing (in the 
acute phase and the convalescent phase) or PCR 
testing (which is quicker and highly specific) in na-
sopharyngeal secretion samples. However, the in-
creased cost and resources this would require in 
our PC catchment area precluded the application 
of these techniques.

Lastly, this study contributes data demonstrating 
that there are few epidemiological, clinical or ra-
diographic differential features of the different 
types of pneumonia considered at present that 
can be used to guide the aetiological diagnosis, es-
pecially if atypical pathogens are involved.
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ABBREVIATIONS

CAP: community-acquired pneumonia • CI: confidence in-
terval • CRP: C-reactive protein • NPA: nasopharyngeal aspi-
rate • LR–: negative likelihood ratio • LR+: positive likelihood 
ratio • FNR: false negative rate • FPR: false positive rate • 
NPV: negative predictive value • PPV: positive predictive 
value • RR: respiratory rate • RSV: respiratory syncytial virus.
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