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Abstract

Background: The number of erythromycin-resistant Streptococcus pneumoniae has significantly increased
around the world. The present study aimed to determine the serotype distribution and molecular
epidemiology of the erythromycin-resistant Streptococcus pneumoniae (ERSP) isolated from patients with
invasive disease.

Methods: A total of 44 Streptococcus pneumoniae isolates were tested for susceptibility to several
antimicrobial agents. Additionally, the polymerase chain reaction (PCR) was applied to evaluate ERSP
isolates in terms of the presence of erythromycin resistance genes (e.g., ermB and mefA). The isolates were
serotyped using the sequential multiplex-PCR method, and molecular epidemiology was assessed through
the multilocus sequence typing (MLST) analysis.

Results: The results represented multidrug resistance (MDR) in approximately half of the pneumococcal
isolates. Among 22 ERSP isolates, 20 (90.9%) and 12 (56%) ones contained ermB and mefA, respectively.
Further, 14 (31.8%), 3 (22.7%), and 19A (18.1%) were the common serotypes among the isolates. No
significant correlation was observed between serotypes and erythromycin resistance genes. Furthermore,
the MLST results revealed 18 different sequence types (STs), the top ones of which were ST3130 (3 isolates)
and ST166 (3 isolates). Population genetic analysis disclosed that CC63 (32%), CC156 (18%), and CC320
(18%) were identified as the predominant clonal complexes.

Conclusions: The ERSP isolates exhibited high genetic diversity. The large frequency of MDR isolates
suggests the emergence of high resistant strains, as well as the need to implement vaccination in the
immunization schedule of Iran. These accumulating evidences indicate that 13-valent pneumococcal
conjugate vaccines provided higher serotype coverage in the ERSP isolates.

Keywords: Erythromycin Resistance, Genotyping Techniques, Multilocus Sequence Typing, Serotyping,
Pneumococcal Vaccines.

Introduction

Streptococcus pneumoniae is considered an However, the increasing incidence of

opportunistic pathogen and a leading cause of
invasive diseases such as sepsis and meningitis
(1). The mortality rate from invasive
pneumococcal disease (IPD) among young
children is approximately one million cases per
year, mostly in developing countries (2). In
this regard, antimicrobial agents are the first
choice for treating pneumococcal infections.

antibiotic-resistant S. pneumoniae (e.g., B-
lactams and macrolides) makes the treatment
of pneumococcal infections challenging,
especially in high-risk groups and areas like
Iran (3). Macrolides are a well-established
class of antibiotics used for a range of
indications like community-acquired
pneumonia (CAP), sinusitis, and otitis. The
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highest resistance rates have been estimated in
many Asian countries, particularly China,
South Korea, and Japan (4). The macrolide
resistance of S. pneumoniae is based on two
main mechanisms of the change in target site
by methylases, encoded by the ermB gene
(MLSg phenotype), as well as efflux pump,
encoded by the mef gene family (M phenotype)
(5). Globally, the ermB gene is known as the
most common cause of macrolide resistance in
S. pneumoniae strains (6).

Despite  the presence of various
pneumococcal serotypes (more than 98), some
have a significantly greater propensity to cause
invasive infections in specific age groups or
geographic regions (3, 7). In addition, some
serotypes are associated with antibiotic
resistance; for example, high antibiotic
resistance has been reported in some clones
such as 19A clonal complex (CC) 320 (8).
Multilocus sequence typing (MLST) is
considered as a gold standard approach for the
molecular typing of S. pneumoniae. In this
method, strains are located in a CC which is
similar to at least six loci of seven
housekeeping genes (9). Further, MLST plays
an essential role in monitoring the clones
acquiring antibiotic resistance and global
distribution, called international — multi-
resistant clones (10). According to the
molecular epidemiological monitoring
network (http://spneumoniae.mlst.net/pmen/),
43 international clones of pneumococci are
related to serotypes 6A, 6B, 14, 15A, 19F,
19A, 23F, and 35B, which are accompanied by
antibiotic resistance (11).

The present study focused on determining
capsular types and clonal diversity, as well as
the presence of macrolide resistance genes in
the erythromycin-resistant S. pneumoniae
(ERSP) isolates associated with invasive
pneumococcal infections.

Materials and Methods

Bacterial isolates

A total of 44 S. pneumoniae isolates were
collected from the patients admitted to
teaching hospitals in Tehran during 2018.
Confirmatory biochemical tests were based
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on the Centers for Disease Control and
Prevention (CDC) guidelines. Furthermore,
the S. pneumoniae-specific IytA gene was
amplified for the molecular confirmation of
the isolates (12). The subjects did not receive
any pneumococcal vaccine. This study was
approved by the Ethics Committee of Tehran
University of Medical Sciences
(IR.-TUMS.SPH.REC.1397.178) and
conducted based on the principles of the
Declaration of Helsinki. The written informed
consent was obtained from participants or the
legally authorized representative.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing (AST)
was carried out following the Clinical
Laboratory and Standards Institute (CLSI,
2017) guidelines (13). In this regard, the
isolate susceptibility to erythromycin (15 pg),
tetracycline (30 pg), clindamycin (2 pg),
chloramphenicol (30 ug),
trimethoprim/sulfamethoxazole (25 pg), and
vancomycin (30 pg) was evaluated using the
disk diffusion method, which were purchased
from MAST Co., Merseyside, UK.
Additionally, the minimum inhibitory
concentrations (MICs) of penicillin and
cefotaxime were determined by using a MIC
test strip (MTS, Liofilchem, Italy) for
oxacillin-resistant isolates. Multidrug
resistance (MDR) was defined as acquired
nonsusceptibility to at least one agent in three
or more antimicrobial categories (14).
Further, S. pneumoniae ATCC 49619 was
utilized as the quality control strain.

Identification of ermB and mefA genes in
the ERSP isolates

The macrolide resistance genes (ermB and
mefA) were amplified through the polymerase
chain reaction (PCR) using 2x hot start Taq
master mix (containing 3 mM MgCl;, 0.4 mM
of each dNTP, 0.08 U/ul Taq DNA
polymerase) (New England Biolabs Co.). The
PCR was conducted in 25 pl volume with 2 pl
of the target sample, 1 pl of each primer (10
pmol), and 11.5 pl of ddH20. In the process,
an initial denaturation at 95 °C for 30 min was
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followed by 35 cycles of denaturation at 94 °C
for 60 s, and annealing at 58 °C (ermB) and
60 °C (mefA) for 35 s. Then, a 45-second
extension at 72 °C and a final 10-minute
extension at 72 °C were performed (15).

Molecular  capsular
multiplex PCR assay
Capsular typing was carried out using a
sequential multiplex PCR approach according
to Ghahfarokhi et al. (16). Furthermore, the
CpsA gene-specific primers were used as an
internal control in each reaction.

typing  through

Multilocus sequence typing (MLST) analysis
The MLST analysis was employed to examine
the genetic heterogeneity of the ERSP
isolates. The seven specific housekeeping
genes (aroE, gdh, gki, recP, spi, xpt, and ddl)
were amplified, and the PCR products were
sent to Bioneer Company (Daejeon, South
Korea) for purification and sequencing (17).
In addition, the sequence types (STs) were
determined by comparing the allelic profiles
and identified STs on the MLST website
(http://spneumoniae.mlst.net). The eBURST
V3 program was utilized to separate bacterial
populations into CCs (http://eburst.mist.net).

Statistical analysis

Statistical analysis was performed in IBM
SPSS Statistics 19.0 (IBM Crop, released
2010, IBM SPSS Statistics for Windows,

version 19.0, Armonk, NY: IBM Corp).
Further, the chi-square test or Fisher's exact
one was applied for comparisons. A cut-off P-
value of < 0.05 (two-tailed) was considered
statistically significant.

Results

Bacterial isolates

Among 44 S. pneumoniae isolates, 22 ones
(50.0%) were classified as ERSP. The clinical
sources of the isolates included blood (22.7%, 5),
CSF (18.1%, n=4), pleural fluid (9.0%, 2), eye
discharge (9.0%, 2), ear discharge (4.5%, 1), and
respiratory specimens such as broncho-alveolar
lavage (18.1%, 4), trachea aspirate (9.0%, 2), and
sputum (9.0%, 2). Furthermore, approximately
52% of the isolates were obtained from the
female subjects. The mean age of the patients
was 38 years, and their minimum and maximum
age was 2 months and 67 years, respectively. The
results indicated no statistically significant
relationship between IPD with age (P = 0.647)
and sex (P = 0.749).

Antimicrobial susceptibility testing

The antibiotic susceptibility profile of 44 isolates
is provided in Figure 1 and Table 1. As shown,
about 54% of 44 S. pneumoniae strains, as well
as 90.90% of 22 ERSP isolates are MDR.
Additionally, ERSP isolates were significantly
related to MDR isolates (P = 0.001), and both
tetracycline- and penicillin-resistant ones (P<
0.05).

Table 1. Minimum Inhibitory Concentrations of S. pneumoniae isolates.

MIC
break point Number of Isolates
(Hg/mL)
Penicillin Cefotaxime Penicillin Cefotaxime
I* R™ | R I (%) R (%) | (%) R (%)
Meningitis
(N=1) >0.12 1 >2 0(0) 1(25) 0(0) 2(50)
Non-meningitis 4 > 8 2 >4 2(5) 8(20) 0(0) 5(12.5)

(N=40)

* Intermediate, ** Resistance.
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Fig. 1. Prevalence of antimicrobial susceptibility among pneumococcal isolates. SXT: trimethoprim/sulfamethoxazole;
TET: tetracycline; ERY: erythromycin; CD: clindamycin; CHL.: chloramphenicol; VAN: vancomycin.

Identification of ermB and mefA genes in the
ERSP isolates

Almost 10 (45.4%) ERSP isolates expressed
both the ermB and mefA genes, while 10
(45.4%) and 2 (9.2%) ones carried only ermB
(cMLS phenotype) and mefA genes (M
phenotype), respectively. Further, no statistically
significant correlation was found between
erythromycin resistance genotype and IPD (P =
0.414).

Molecular capsular typing through the
multiplex PCR assay

Among the studied population, 14 (31.8%) was
determined as the most prevalent serotype,
followed by 3 (22.7%), 19A (18.1%), 23F
(13.6%), and 19F (13.6%). As for the ERSP
isolates, the serotype coverage rates of 7-, 10-,
and 13-valent pneumococcal conjugate vaccines
(PCV7, PCV10, and PCV13) were 59.0, 59.0,
and 100%, respectively.
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MLST of the ERSP isolates

Based on the MLST data, the eBURST
algorithm resolved 18 STs into seven CCs and
one singleton (Table 2). The most frequent STs
were ST3130 (3 isolates) and ST166 (3 isolates),
while each of other isolates (n=16) contained 16
distinct STs. Considering the single-locus
variant (SLV), the STs were classified into three
clonal groups and 12 singletons (Table 3).
However, they were categorized into three clonal
groups and six singletons according to the
double-locus variant (DLV). Compared with the
MLST database (http://mlst.net), 21 STs in the
present study belonged to seven CCs, and ST708
was a singleton. Furthermore, CC63 was the
most common CC, which included 32% of the
STs (Fig. 2). The CC was not significantly
related to age group (P = 0.629) and sex (P =
0.493). Finally, four meningeal isolates belonged
to different CCs (CC63, CC156, CC180, and
CC217) and contained the ermB gene, while the
mefA gene was detected in three ones.
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Table 2. Clonal complexes and the relationship among the molecular types and resistance genes of erythromycin-resistant
S. pneumoniae isolates.

Resistance genes

Clonal complex  Sequence Type NlIJSrSIt;etzgsof Serotype
ermB ermB + mefA
ST11483 1 14 1
19F 1
ST3130 3 14 1
CC63 3 - -
ST2678 1 14 1
ST12937 1 3 1
ST12940 1 23F 1
14 (2) 2
CC156 ST166 3 19A 1
ST92 1 19F 1
ST320 1 19A 1
ST9386 1 3 1
ces20 ST2393 1 19F 1
ST3971 1 3 1
CC15 ST3981 1 23F 1
ST81 1 19A 1
CC81 ST9695 1 3 1
ST12938 1 23F 1
CC180 ST12936 1 19A 1
CC217 ST12939 1 14 - -
Singletons ST708 1 14 1

Table 3. Grouping based on the difference in one allele (SLV) with the e BURST V3 software.
Number of isolates: 22 | Number of sequence types: 22 | Number of re-samplings for bootstrapping: 1000
Number of loci per isolate: 7 | Number of identical loci for group def.: 6 | Number of groups: 3

Group 1: Number of isolates: 2 | Number of sequence types: 2 | Predicted Founder: None

ST? FREQ® SLV® DLV TLV® SATf Distance
12937 1 1 0 0 0 1.0
2678 1 1 0 0 0 1.0

Group 2: Number of isolates: 2 | Number of sequence types: 2 | Predicted Founder: None

ST FREQ SLV DLV TLV SAT Distance
9695 1 1 0 0 0 1.0

81 1 1 0 0 0 1.0

Group 3: Number of isolates: 2 | Number of sequence types: 2 | Predicted Founder: None

ST FREQ SLV DLV TLV SAT Distance
2393 1 1 0 0 0 1.0

320 1 1 0 0 0 1.0

Singletons | Number of sequence types: 12
11483, 166, 12940, 12939, 12938, 12936, 3130, 708, 9386, 3981, 3971, 92

aST: sequence type, PFREQ: frequency, °SLV: Single Locus Variants, “DLV: Double Locus Variants, °TLV: Triple Locus
Variants, 'SAT: Satellites.
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Fig. 2. Comparison of the sequence types in the present study with the available sequence types at PUbMLST databases
using the eBURST V3 software. Seven isolates (5 sequence types) are located in the CC63.

Discussion

According to the Asian Network for
Surveillance  of  Resistant  Pathogen
(ANSORP) study, Asian regions have the
highest levels of ERSP around the world
(72.7%) (18). In the present study, 50% of the
isolates were erythromycin resistant, which is
inconsistent with the results of another study in
Iran which estimated 71.4% as the rate of
ERSP isolates (19). Approximately 91% of the
ERSP isolates exhibited MDR phenotype,
reflecting a significant correlation between
erythromycin resistance and MDR. In
addition, no  statistically  significant
relationship  was  observed  between
erythromycin resistance and age group (P>
0.05). The result is not in line with that of
Talebi et al. which revealed more prevalence
of ERSP among the patients aged less than 15
years, as well as a significant difference in the
erythromycin resistance rates of those under
and over the age of 15 years (P< 0.05) (20).
Despite the effectiveness of PCVs in
decreasing the burden of the pneumococcal
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infection caused by vaccine serotypes, the
vaccines are only given to a limited number of
high-risk individuals in Iran (20). Similarly,
the results of another study in Nepal indicated
that the coverage rate of PCV7 and PCV10 was
59%, while that of the serotypes included in
PCV13 was 100% (21).

Regarding the S. pneumoniae, macrolide
resistance occurs mainly through two primary
mechanisms of ermB and mefA genes. The mef
genes (phenotype M) have been suggested as
the primary mechanism of the resistance in
North America, England, and Germany (9).
However, the MLSg phenotype is the most
common mechanism in lIran (20), which is
confirmed by the results of the present study.
The ermB was found in five different
pneumococcal serotypes (mostly in serotypes
3 and 14), and the mefA was associated with
four different serotypes. There is a global
increase in the number of MDR strains with
both mechanisms of macrolide resistance. This
type of resistance is attributed to the
transposon Tn2010 carrying both macrolide
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resistance genes (ermB and mef) (22). In the
present study, 45.4% of the ERSP isolates
simultaneously contained both resistance
genes, which is relatively high compared with
the other studies in the world. However, a high
percentage of this type has been reported in
some countries such as China (62.9%) (23).

Based on the results of the present study, 14, 3,
19A, and 23F were the predominant serotypes
among the ERSP isolates, which are consistent
with those of Talebi et al. introduced 14, 3,
19F, and 23F as the most prevalent serotypes
in the isolates, respectively (20). Further, 14,
19F, and 23F are among the global top seven
disease-causing serotypes before vaccine
introduction (24). The serotypes 14 and 19F
were the most common serotypes causing IPD,
which is in agreement with results of Balaji et
al. (25). Furthermore, serotype 1 is considered
one of the five most prevalent serotypes in
numerous developing countries such as South
Africa, Kenya, and Philippines (18, 26, 27).
However, this serotype was not detected in the
present study and recent surveillance research
in Iran (16, 20), which may represent that the
circulation pattern of S. pneumoniae serotypes
is geographically diverse (28). In the present
study, serotype 14 belonged to ST3130,
ST166, ST11483, ST2678, ST12939, and
ST708, respectively, which is not in line with
the results of Talebi et al. which demonstrated
the association of the serotype with ST3130,
ST63, ST2678, ST166, ST557, ST6354,
ST2253, and ST3772, respectively (20). Most
of the STs belonged to the CC63, which was
the most common CC in this study (20).
Additionally, the most frequent STs among
ERSP isolates were ST3130 (serotypes 19F,
14, 3) and ST166 (serotypes 14 and 19A).
According to Talebi et al., the isolates were of
ST3130 (serotypes 19F and 14). Interestingly,
ST166, one of the most prevalent STs (3
isolates) in the present study, was not found in
the other similar studies in Iran (20, 29).
Further, the results of this study failed to report
the presence of ST180/CC180, which is not in
concordance with those of Talebi et al. and
Azarian et al. which introduced this ST as the
dominant genotype among isolates with

serotype 3 (20, 30). The isolates accompanied
by this clone are more related to the invasive
diseases in adults, which have been observed
since the pre-vaccination period until the
recent years. This clone is associated with IPD
and leads to many deaths in Europe and North
America (31).

The results of the present study suggested
CC63 as the most common CC among the ERSP
isolates, which is consistent with those of Talebi
et al. As for the present study, ermB and mefA
genes were identified in 7 (100%), and 4 (57%)
isolates of CC63 in order. However, Talebi et al.
reported that 4% of isolates in this CC carried
both ermB and mef genes, while 57 and 39%
contained ermB and mef genes, respectively (20).
According to the Pneumococcal Molecular
Epidemiology Network, the ST63 (serotype
15A), the predicted founder of CCG63, is
considered one of the international drug-resistant
clones, which is detected in many parts of the
world such as Asia, Europe, Africa, and
Australia (32, 33). Despite the lack of a
statistically significant relationship between the
type of invasive disease and CC of MDR
isolates, the strains from the individuals with
respiratory diseases belonged to three CCs
(CC156, CC81, and CC63). Furthermore, the
strains obtained from the blood of the patients
with septicemia were related to two different
CCs (CC81 and CC320). Based on the results of
the present study, CC81 was the most frequent
CC (14%). Spain23F-1 ST81, associated with
CC81, is one of the international MDR clones, as
well as prevailing among penicillin-non-
susceptible isolates. The ST is further related to
resistance to macrolides and fluoroquinolones.
Following the PCV7 introduction, the
prevalence of this clone significantly reduced in
various regions of the world (34). The
international distribution of this clone can be
ascribed to the adaptation to the colonization of
human nasopharynx (35). In addition,
nasopharyngeal colonization by pneumococci
facilitates genetic exchanges among S.
pneumoniae strains, even with closely related
species (32, 34).

The results of the present study determined
CC320 (serotypes 3, 19A, and 19F) as another
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common CC, which constituted 18% of the
isolates. However, none of the strains isolated
from respiratory infections belonged to this
CC. Further, ST320 is a predicted founder for
CC320. The clone is known as one of the MDR
clones in the world, which has been found in
different countries (36). After introducing the
PCV7, ST320 (serotype 19A) s still
considered as one of the most frequent MDR
clones in many Asian countries such as China
and Taiwan (37). Furthermore, 18% of the
isolates belonged to CC156 (serotypes 14,
19A, and 19F), another prevalent CC in this
study. The predicted founder of the CC,
ST156, is common in countries like the United
States, Norway, France, and Spain (1), the
strains of which spread globally and are
accompanied by antibiotic resistance (32). The
ST was first detected in 2001 and exhibits a
high MIC to penicillin and cefotaxime. The
clone is associated with different serotypes
such as 11A, 9A, 6B, 14, 15B, 15C, 19A, 19F,
23F, and 24F (38).

Theresults of the present study indicated
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