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Abstract: Macrolide-resistant Mycoplasma pneumoniae (MR-MP) is

an increasing problem worldwide. This study describes the clonal spread

of a unique strain of MR-MP within a single family.

On January 23, 2015, nasopharyngeal swabs and sputum samples

were collected from the index case (a 9-year-old girl) in southern Italy.

The patient had pneumonia and was initially treated with clarithromy-

cin. MR-MP infection was suspected due to prolonged symptoms

despite appropriate antibiotic therapy. Two further cases of pneumonia

occurred in relatives (a 7-year-old cousin and the 36-year-old mother of

the index case); therefore, respiratory samples were also collected from

other family members. Sequence analysis identified mutations associ-

ated with resistance to macrolides. Both P1 major adhesion protein

typing and multiple loci variable-number tandem repeat analysis

(MLVA) typing were performed to assess the relatedness of the strains.

The index case, the cousin, the mother, and another 4 family

members (twin siblings of the index case, a 3-year-old cousin, and

the grandmother) were positive for MR-MP. All strains harbored the

mutation A2063G, had the same P1 subtype (1), and were MLVA (7/4/

5/7/2) type Z. In addition, the index case’s aunt (31 years of age and the

probable source of infection) harbored an M pneumoniae strain with

the same molecular profile; however, this strain was susceptible to

macrolides.

This cluster of MR-MP infection/carriage caused by a clonal strain

suggests a high transmission rate within this family and highlights the

need for increased awareness among clinicians regarding the circulation

of MR-MP. Novel strategies for the treatment and prevention of M

pneumoniae infections are required.

(Medicine 95(11):e3160)

Abbreviations: MLVA = multiple locus variable-number tandem

repeat analysis, MR-MP = macrolide-resistant Mycoplasma
vio Tafuri, PhD, C rio, MD,
nzionna, MD

INTRODUCTION

M ycoplasma pneumoniae is a common cause of respiratory
tract infections, which can vary from mild upper respir-

atory tract disease to tracheobronchitis or severe interstitial
pneumonia.1,2 Furthermore, extrapulmonary complications
have been described, which mainly involve the skin, hemato-
logic, cardiovascular, musculoskeletal, and nervous systems.3,4

The presence of macrolide-resistant strains and the develop-
ment of macrolide resistance due to antimicrobial pressure were
first reported in Italy during the M pneumoniae epidemic of
2010.5 During this epidemic the prevalence of macrolide-resist-
ant M pneumoniae reached 26%; however, no data regarding the
prevalence prior to 2010, nor after the epidemic, have been
published. In Europe, the situation varies from country to
country, but in general the prevalence of resistant strains is
not higher than 10%.5,6 The administration of ciprofloxacin as a
second line antibiotic in paediatric cases of serious infection
with subsequent failure of clarithromycin treatment has proved
to be a valid strategy for clinical management.7 Multiple locus
variable-number tandem repeat analysis (MLVA) is a molecular
method based on the sequencing of 5 selected loci; this tech-
nique can better discriminate between different strains of M
pneumoniae than other typing methods and is therefore a useful
tool for assessing relationships between cases during an out-
break.8,9
clonal spread of a unique strain of macrolide-resistant M
pneumoniae (MR-MP) within a single family in Italy.

METHODS

Case Reports
On January 21, 2015, an otherwise healthy 9-year-old girl

(index case) with an unremarkable medical history was
admitted in the Paediatric Unit of the Maternal and Child
Health Department of ‘‘San Giacomo’’ Hospital of Monopoli
(Bari, southern Italy) with a diagnosis of pneumonia. In the
11-day period prior to hospitalization, she suffered from a dry
cough and fever (39.58C) accompanied by malaise. She
received clarithromycin (prescribed by the family paediatrician)
from the second day of symptom onset. She was severely ill
upon admission, with a high temperature, dyspnoea, and an
increased respiratory rate. Routine blood tests revealed neu-
trophilia, a high erythrocyte sedimentation rate, and increased
C-reactive protein levels. Auscultation revealed diffuse crackles
with reduced vesicular sounds on the right lung, and chest
radiography showed a right middle lobe infiltrate. Blood,
nasopharyngeal swab (NPS), and sputum samples were col-
tests and real-time polymerase chain
s of bacterial agents (i.e., those respon-
acquired pneumonia) and respiratory
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viruses. The girl received nebulized albuterol and clarithromy-
cin (15 mg/kg/day, in 2 oral doses). Microbiological tests were
negative for respiratory viruses (respiratory syncytial virus,
adenovirus, influenza viruses, parainfluenza viruses, human
metapneumovirus, human bocavirus, and coronaviruses) and
negative for Streptococcus pneumoniae, Haemophilus influen-
zae, Staphylococcus aureus, Chlamydia pneumoniae, Legio-
nella pneumophila, and Moraxella catharralis. However,
PCR identified NPS and sputum samples as positive for M
pneumoniae DNA. Serological tests were positive for anti-M
pneumoniae IgM antibodies, but negative for anti-M pneumo-
niae IgG antibodies.

Despite appropriate antibiotic therapy, the girl remained
severely ill and MR-MP infection was suspected. On Day 6 after
hospitalization, real-time PCR and melting peak analysis ident-
ified an MR-MP strain harboring mutations A2063G/A2064G10

in NPS and sputum samples taken on the second day of
hospitalization; therefore, clarithromycin was replaced by
ciprofloxacin (30 mg/kg/day in 2 oral doses). The patient’s
clinical condition improved rapidly and she was discharged
15 days after admission.

On February 3, 2015, a 7-year-old cousin of the index case,
who had a fever (39.08C) and a cough for 2 weeks, was admitted
to the same hospital with a diagnosis of pneumonia. Prior to
admission, he had received ceftriaxone for 6 days, followed by
clarithromycin. Chest radiography confirmed pneumonia and
microbiological analysis of NPS and sputum samples confirmed
the presence of M pneumoniae. Epidemiological investigation
confirmed close contact with the index case.

On February 10, 2015, the 36-year-old mother of the index
case was admitted to the same hospital with a diagnosis of
pneumonia after the onset of fever and bronchitis at the end of
January. M pneumoniae was identified in bronchial aspirate
samples taken after admission.

Given the epidemiologic link between these cases, active
surveillance was set up to identify other cases/carriers of M
pneumoniae among family members. NPS and blood samples
were taken from 7 other family members on February 23, 2015,
5 of whom were positive for M pneumoniae (the father of the
index case and the father of the 7-year-old cousin tested
negative); thus 8 family members in total tested positive for
M pneumoniae. All subjects provided written informed consent
in accordance with Italian and Institutional standards and the
principles set down in the Declaration of Helsinki.

DNA was extracted from respiratory samples using a
MagnaPure automated extraction system (Roche Diagnostics,
Milan, Italy) and pretested in a commercial real-time PCR assay
(Arrow Diagnostics, Genoa, Italy) to detect M pneumoniae. M
pneumoniae-positive samples were then tested for macrolide
resistance as previously described.10 A PCR assay followed by
direct amplicon sequencing was developed to detect point
mutations in the M pneumoniae 23S rRNA gene, which confer
resistance to macrolides.5 Nested PCR and sequencing were
performed for molecular typing of the P1 major adhesion

Chironna et al
protein; MLVA typing was also performed.11,12 M pneumo-

niae-specific IgM and IgG antibodies in serum samples were
measured in an enzyme-linked immunosorbent assay.

RESULTS AND DISCUSSION
The clinical data and the results of serological and mol-
ecular tests on samples from the M pneumoniae-positive family
members (n ¼ 8) are shown in Table 1. No other respiratory
tract pathogens were found. Three cases (the grandmother, the

2 | www.md-journal.com
second twin sibling, and the aunt of the index case (Table 1))
were asymptomatic at the time of clinical sampling, although
the aunt (the mother of the 2 cousins) reported having a cough
for several days in December 2014. The aunt was the only
family member to harbor an M pneumoniae strain susceptible
to macrolides, although the molecular profile (P1 subtype and
MLVA type) was identical to that of other strains identified in
other family members. All subjects, except the grandmother,
were positive for anti-M pneumoniae IgM antibodies. The
A2063G mutation was detected in all patients. Two of the
3 patients with pneumonia were initially treated with clari-
thromycin, but this was later shifted to ciprofloxacin. The
7-year-old cousin was treated with ceftriaxone, followed by
clarithromycin and azithromycin, and recovered completely
after 3 weeks.

Many studies report that MR-MP has spread worldwide
since the 2000s. The circulation of MR-MP in Italy was first
established in 20105,7 and has since been confirmed in subjects
with M pneumoniae infection (unpublished data).

MVLA confirmed that a recent outbreak of M pneumoniae
(macrolide-susceptible strains) in a French primary school
was caused by a single clonal strain.8 In addition, a familial
cluster of atypical pneumonia caused by macrolide-susceptible
M pneumoniae was reported in South and North Carolina,13 and
an epidemiological study reported another cluster of MR-MP
infections,14 although the relatedness of the strains in this
cluster was not assessed.

Here, we report a familial cluster of MR-MP infections
involving a significant number of subjects. The presence of the
same MLVA type and P1 subtype provides evidence of the
clonal spread of a unique strain of M pneumoniae among several
members of the same family. Based on these findings, we can
hypothesize that the index case transmitted the MR-MP infec-
tion to her cousin (the 7-year-old male), mother, and twin
siblings. The 7-year-old cousin probably transmitted the infec-
tion to his 3-year-old sister, who subsequently developed
bronchitis. However, it is difficult to explain the presence of
a macrolide-susceptible strain of M pneumoniae in samples
from the index case’s aunt, despite the finding that the strain had
the same MLVA type and P1 subtype as those of strains
identified in other family members. We speculate that the aunt
was infected or colonized by a macrolide-susceptible M pneu-
moniae strain in December 2014, and that she transmitted this
strain to her niece (the index case); the strain then developed
resistance to macrolides following treatment with clarithromy-
cin. The index case then transmitted the infection to her 7-year-
old cousin. All other cases were infected subsequent to this.
Carriage may be supposed in the case of the grandmother, since
she was asymptomatic.

In humans, the acquisition of a macrolide-resistant
mutation may occur during the course of infection;5,15–17 also,
macrolide-resistant mutants originate from wild-type M pneu-
moniae.18 In addition, M pneumoniae can be present at the
nasopharyngeal level for many months;16,19 this may be why the
aunt of the index case was still positive at the time of sampling.
Taken together, the findings reported in these previous studies
may help to explain the cluster of infection/carriage within a
single family.

Two of the household members who were positive for MR-
MP had no respiratory symptoms and never developed disease.
This, to the best of our knowledge, is novel since carriage of

Medicine � Volume 95, Number 11, March 2016
M pneumoniae DNA has been reported only in subjects infected
by strains who are susceptible to macrolides;8 to date, there are
no reports describing carriage of macrolide-resistant strains.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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In conclusion, this study reports the spread of a unique
clonal MR-MP strain within a single family in Italy. The
presence of macrolide-resistant strains in the pharyngeal tracts
of asymptomatic family members highlights the potential for
such subjects to spread macrolide-resistant strains in the com-
munity. These findings underline the need for routine identi-
fication of MR-MP and increased awareness among clinicians
regarding such occurrences. Finally, increasing resistance to
macrolides means that novel strategies for treating and pre-
venting M pneumoniae infections should be considered.
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