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Background: Due to recent reports of resistance to β-lactams and macrolides, the 
use of fluoroquinolones (FQs) for treating Streptococcus pneumoniae infections has 
increased. This study aimed to evaluate the molecular mechanisms of FQ resistance 
in pneumococcal isolates.
Materials & Methods: This study was conducted on 131 pneumococcal isolates (67 
nasopharyngeal isolates from healthy individuals and 64 clinical isolates) collect-
ed in Tehran, Iran, in 2023. Susceptibility to FQs was determined, and quinolone 
resistance–determining regions (QRDRs) of gyrA, gyrB, parC, and parE in resistant 
isolates were amplified and sequenced.
Findings: Disk diffusion testing showed that 23 (17.5%) and five (3.8%) isolates 
were resistant to norfloxacin (5µg) and ofloxacin (5µg), respectively.  Minimum 
inhibitory concentration (MIC) test confirmed resistance in 22 of 23 norfloxacin-
resistant isolates. All five ofloxacin-resistant isolates were distinct from the 
norfloxacin-resistant group, and their resistance was also confirmed by MIC testing. 
Overall, 28 non-overlapping resistant isolates were selected for sequencing. Among 
these isolates, mutations in parC and gyrA were detected in four (14.28%) and five 
(17.85%) isolates, respectively, while two (7.14%) isolates harbored simultaneous 
mutations in both genes. The most frequent substitutions were Ser81→Leu in parC 
and Glu85→Lys and Ser81→His/Thr in gyrA. No statistically significant difference 
was observed between nasopharyngeal (healthy flora) and clinical isolates 
regarding FQ resistance patterns.
Conclusion: This study identified key molecular mechanisms of fluoroquinolone 
resistance in S. pneumoniae, primarily involving mutations in parC and gyrA, 
including double mutations. Notably, all isolates remained susceptible to 
moxifloxacin, supporting its effectiveness in treating pneumococcal infections.
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Introduction
Streptococcus pneumoniae (pneumococcus) 
is an opportunistic pathogen responsible 
for severe infections, such as septicemia, 
meningitis, and pneumonia [1, 2]. Since 
resistance to β-lactams and macrolide 
antibiotics has become increasingly 
prevalent among pneumococci worldwide, 
fluoroquinolones (FQs) with enhanced 
activity against Gram-positive bacteria 
have been increasingly used to treat 
lower respiratory tract infections [2, 3]. 
Although the overall rate of FQ resistance 
in pneumococci is relatively low, ranging 
from 1-7%, epidemiological studies have 
recently shown increasing FQ resistance 
rates, especially in countries with high 
levels of FQ consumption [4]. In Iran, several 
recent reports have also documented a 
concerning upward trend, underscoring the 
need for closer surveillance and research 
in this region [4, 5]. The mechanism of FQs is 
inhibition of DNA gyrase and topoisomerase 
IV and subsequently inhibition of DNA 
synthesis. These are two heterotetrameric 
enzymes composed of two subunits; DNA 
gyrase is encoded by the gyrA and gyrB genes, 
and topoisomerase IV is encoded by the parC 
and parE genes [6]. 
FQ resistance could arise through 
chromosomally-mediated mutations in 
quinolone resistance-determining regions 
(QRDRs) of gyrA, gyrB, parC, and parE [7] as 
well as through the activity of efflux pumps 
(including PmrA and PatAB). Importantly, 
these mechanisms may act sequentially or 
in combination, with efflux pumps often 
providing an initial low-level resistance that 
facilitates subsequent selection of stable 
QRDR mutations [8]. 
Previous studies have shown that pneumo-
cocci with substitutions at positions 81 and 
85 of gyrA and 79 and 83 of parC are most fre-
quently found in isolates with reduced sus-
ceptibility to FQs [9]. Understanding the prev-

alence rate and molecular mechanism of FQ 
resistance in pneumococci will help design 
strategies to minimize the emergence of FQ 
resistant strains. In addition, comparing re-
sistance rates between normal flora and in-
vasive pneumococcal isolates is essential to 
determine the distribution pattern of FQ re-
sistance. Most studies in Iran have evaluated 
the susceptibility of pneumococcal isolates 
to ciprofloxacin only by antibiogram testing. 
Although previous studies have reported 
various resistance rates, including 1.5 [10], 30 
[11], 10 [12], and 7.8% [13], only a few of them 
have evaluated the corresponding minimum 
inhibitory concentrations (MICs) and asso-
ciated gene mutations [14, 15], highlighting the 
need for further molecular epidemiological 
studies in Iran. 
Objectives: Therefore, this study investi-
gated the prevalence of fluoroquinolone 
resistance among nasopharyngeal (normal 
flora) and clinical S. pneumoniae isolates 
and identified mutations in the QRDRs of 
fluoroquinolone-related genes in resistant 
isolates.

Materials and Methods
S. pneumoniae isolates: A total of 131 S. 
pneumoniae isolates were analyzed in this 
study. The isolates originated from Tehran 
(Iran) and included 67 isolates recovered 
from Dacron nasopharyngeal swabs collect-
ed from healthy volunteers and 64 clinical 
isolates collected from two university-affili-
ated hospitals (Baqiyatallah and Milad hos-
pitals) in 2023. Information regarding prior 
antibiotic exposure within the preceding 90 
days was not available for patients with clin-
ical infections.
Clinical isolates were collected from blood 
(n=18), eye (n=15), cerebrospinal fluid 
(n=9), sputum (n=8), sinus secretion (n=7), 
tracheal aspirate (n=4), urine (n=2), and 
pleural fluid (n=1) specimens. Each iso-
late- either clinical or nasopharyngeal- was 
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derived from a distinct individual. Healthy 
volunteers were defined as individuals with-
out respiratory symptoms, fever, or antibi-
otic use in the preceding four weeks. The 
age range of participants was 1-80 years, 
and individuals with any chronic illness or 
recent infection were excluded. Participants 
were recruited from the statistical popula-
tion of Tehran (Iran) and provided written 
informed consent prior to sample collection.
All nasopharyngeal and clinical specimens 
were transported separately to the laborato-
ry at 4 °C and immediately cultured on Co-
lumbia blood agar plates. The cultures were 
incubated at 37 °C in a 5% CO₂ atmosphere. 
Colonies showing α-hemolysis were subject-
ed to standard identification tests, includ-
ing optochin susceptibility, bile solubility, 
and PCR detection of the lytA gene as a spe-
cies-specific marker [16]. Confirmed isolates 
were preserved at -70 °C in skim milk for 
further analysis.
Antibiotic susceptibility determination: 
Antimicrobial susceptibility testing was 
conducted using the disk diffusion tech-
nique following the guidelines of the Clinical 
and Laboratory Standards Institute (CLSI, 
2024) [17]. The procedure was carried out 
on Mueller–Hinton agar supplemented with 
5% defibrinated sheep blood. Plates were 
incubated at 35 °C in a 5% CO₂ atmosphere 
for 20-24 hours, and inhibition zone diam-
eters were measured after incubation. Each 
S. pneumoniae isolate was tested against six 
fluoroquinolone antibiotics: ciprofloxacin 
(5  μg), moxifloxacin (5 μg), norfloxacin (5 
μg), gatifloxacin (5 μg), ofloxacin (5 μg), and 
levofloxacin (5 μg). All antibiotic discs were 
obtained from Mast Diagnostics Ltd. (Mer-
seyside, UK).
MICs were determined for isolates showing 
intermediate or resistant phenotypes using 
the broth microdilution method. This as-
say was performed in accordance with CLSI 
recommendations using cation-adjusted 

Mueller–Hinton broth supplemented with 
5% lysed horse blood. The antibiotic con-
centration range tested was 0.05-64 μg/mL. 
Bacterial suspensions were prepared from 
overnight blood agar cultures, adjusted to a 
turbidity equivalent to a 0.5 McFarland stan-
dard, and then diluted to yield a final inocu-
lum of 4–5×10⁵ CFU/mL. All MIC determina-
tions were conducted in duplicate to verify 
reproducibility. 
Microdilution plates were incubated at 35 °C 
for 24 hours under ambient conditions [18, 19]. 
Results were interpreted according to CLSI 
(2024) breakpoints for pneumococci [17]. S. 
pneumoniae ATCC 49619 served as a quali-
ty control strain, with its MIC values consis-
tently falling within the reference range es-
tablished by CLSI.
DNA extraction, PCR amplification, and 
sequencing analysis: Genomic DNA was 
extracted from 10 mL of overnight cultures 
grown in brain heart infusion (BHI) broth 
using the phenol–chloroform method as 
previously described [19]. The QRDRs of the 
gyrA, gyrB, parC, and parE genes of S. pneu-
moniae were amplified by PCR using specific 
primer sets listed in Table 1. Each 25 μL PCR 
mixture consisted of 3-5 μL of template DNA, 
2.5 μL of 10× PCR buffer, 0.75 μL of 50 mM 
MgCl₂, 0.5 μL of 10 mM dNTP mix, 0.25 μL of 
Taq DNA polymerase (5 U/μL), and 25 pmol 
of each primer.
Amplification was carried out under the fol-
lowing conditions: an initial denaturation 
step at 95 °C for 5 min; followed by 30 cycles 
of denaturation at 94 °C for 30 s, annealing 
for 1 min (at 55 °C for gyrA, 51 °C for gyrB, 
and 58 °C for parC and pare), and extension at 
72 °C for 1 min; with a final extension step at 
72 °C for 10 min. PCR products were visual-
ized by electrophoresis on 1.5% agarose gels 
containing ethidium bromide (0.5 μg/mL).
All 28 fluoroquinolone-resistant S. pneu-
moniae isolates were subjected to PCR am-
plification of the QRDRs of the gyrA, gyrB, 
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parC, and parE genes, and the PCR products 
were purified and sequenced bidirectional-
ly using Sanger sequencing (Macrogen Inc., 
Seoul, Korea). 
The obtained sequences were aligned and 
compared with the reference genome of 
S. pneumoniae R6 (GenBank accession No. 
NC_003098) using MEGA4 and Gene Runner 
software. Mutations were identified as nu-
cleotide substitutions that led to amino acid 
replacements within the QRDRs, and all se-
quence alignments were manually verified 
to confirm mutation accuracy.
Statistical analysis: Statistical analysis was 
performed using SPSS software (Version 26; 
IBM Corp., Armonk, NY, USA). Categorical 
variables, such as resistance rates of 
clinical and nasopharyngeal isolates, were 
compared using Chi-square test or Fisher’s 
exact test when the expected cell counts 
were <5. There was no significant difference 
in FQ continuous variables, including mean 
MIC values between groups, which were 
compared using Student’s t-test. Resistance 
rates were presented as percentages; due 
to the exploratory nature of the study and 
the limited sample size, 95% confidence 
intervals were not calculated. A p-value of 
<.05 was considered statistically significant.

Findings
Demographic data: A total of 131 isolates 
were collected during 2023, of which 67 
(51.14%) isolates were recovered from the 
nasopharynx of a healthy population, and 64 
(48.85) isolates were obtained from clinical 
samples in two university hospitals, including 
blood (n=18, 28.1%), eye (n=15, 23.43%), 
CSF (n=9, 14%), sputum (n=8, 12.5%), sinus 
secretion (n=7, 10.9%), tracheal aspirate 
(n=4, 6.25%), urine (n=2, 3.1%), and pleural 
fluid (n=1, 1.56%) specimens. Among 
different age groups, the age group 0-15 
years had the highest prevalence (59.5%). 
Also, 97 (74%) isolates were taken from 
males, and 34 (26%) isolates were obtained 
from females (Table 2).
FQ susceptibility: In both nasopharyngeal 
and clinical isolates, the highest resistance 
rate was reported to norfloxacin (23 of 131, 
17.55%), followed by ofloxacin (5 of 131, 
3.81%). Besides, all isolates were susceptible 
to moxifloxacin, ciprofloxacin, levofloxacin, 
and gatifloxacin. The results of antibiotic 
susceptibility testing are presented in Table 
3. There was no significant difference in FQ 
resistance between nasopharyngeal and 
clinical isolates (p= .008, Chi-square test). 
MIC testing confirmed resistance in 22 of 

Table 1) Primers used for PCR assay in the present study

ReferenceProduct 
Size (bp)

Annealing 
Temperature (°C)Sequence (5ʹ → 3ʹ)Gene

[35]25055GTTTCAATCGTCAAGCCGTT
CGGACTACCGCCTTTATATCGlytR

[33]39355TGTTCACCGTCGCATTCTCT
ATACCAGTTGCTCCATTAACCgyrA

[35]48551TTCTCCGATTTCCTCATG
AGAAGGGTACGAATGTGGgyrB

[9]36758TGGGTTGAAGCCGGTTCA
TGCTGGCAAGACCGTTGGparC

[35]29058AAGGCGCGTGATGAGAGC
TCTGCTCCAACACCCGCAparE
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23 norfloxacin-resistant isolates in the disk 
diffusion test (MIC≥ 8 µg/mL), whereas one 
isolate showed intermediate susceptibility 
level (MIC= 4 µg/mL). Regarding ofloxacin, 
all five isolates resistant in the disk diffusion 
test were also confirmed as resistant (MIC 
≥ 8 µg/mL) in the MIC determination test 
(Table 4). 
DNA sequence analysis of the QRDRs:  Of 
the 28 fluoroquinolone-resistant isolates 

sequenced, 11 (39.28%) carried mutations 
in the QRDRs. Mutations were identified in 
parC (four isolates) and gyrA (five isolates), 
while two isolates simultaneously exhibited 
mutations in both genes. 
Among the isolates harboring only a single 
mutation, amino acid substitutions in the 
parC gene were detected at several positions. 
Specifically, the Ser81→Leu substitution was 
identified in two isolates, while Asp83→Gly, 
Asp78→Asn, and Ser79→Pro were each 
observed in one isolate.
Similarly, among single-mutation isolates 
with gyrA alterations, the detected substi-
tutions included Glu85→Lys, Glu85→Pro, 
Ser81→His, Ser81→Thr, and Ser114→Val. 
No mutations were identified in the gyrB 
and parE genes. The distribution of both sin-
gle- and double-mutation isolates is summa-
rized in Table 5.

Age Group 
(Year) Male Female Total (%)

0-15
15-30
30-60

57 
10 
9

21 
2
2

78  (59.5)
12 (9.1)
11 (8.4)

60-100
Total (%)

21
97 (74) 

9
34 (26)

30 (22.9)
131 (100)

Table 2) Demographic characteristics of the study 
population with Streptococcus pneumoniae isolates

No. (%) of ResistantNo. (%) of Intermediate

Antibiotic

TotalClinical 
Isolates

Normal 
Flora TotalClinical 

IsolatesNormal Flora 

23 (17.5)

5(3.8)

0

0

0

0

13 (20.3)

4 (6.2)

0

0

0

0

10 (14.9)

1 (1.5)

0

0

0

0

71 (54.2)

27 (20.6)

3 (2.3)

2 (1.5)

1(0.7)

0

33 (51.5)

9 (14)

1 (1.5)

1 (1.56)

0

0

38 (56.7)

18 (26.8)

2 (3)

1 (1.49)

1 (1.5)

0

Norfloxacin (5 μg)

Ofloxacin (5 μg)

Ciprofloxacin (5 μg) 

Levofloxacin (5 μg)

Gatifloxacin (5 μg)

Moxifloxacin (5 μg)

Table 3) Fluoroquinolone susceptibility patterns of clinical and normal flora Streptococcus pneumoniae isolates 
determined by disk diffusion

No. of Resistant IsolatesNo. of Intermediate Isolates
Antibiotic

TotalClinical IsolatesNormal Flora TotalClinical IsolatesNormal Flora  

22 13 (out of 13)9 (out of 10)10 (out of 13)1 (out of 10)Norfloxacin
54 (out of 5)1 (out of 1)00 (out of 5)0 (out of 1)Ofloxacin

Table 4) Minimum inhibitory concentration (MIC) values of 28 fluoroquinolone-resistant Streptococcus 
pneumoniae isolates
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Discussion 
Although FQs remain highly effective against 
pneumococcal infections, their widespread 
use has facilitated the emergence of resis-
tant strains in several regions, highlighting 
the importance of continuous molecular sur-
veillance [2, 5]. In the present study, resistance 
was most frequently detected against nor-
floxacin (17.5%) and ofloxacin (3.8%), two 
early-generation FQs with limited potency 
against pneumococci due to preferential tar-
geting of ParC [20]. Consistent with global ob-
servations, moxifloxacin with an MIC90 value 
of 0.25 µg/mL displayed the highest activity, 
confirming its role as the most reliable FQ in 
pneumococcal therapy [21–23].
Compared to studies conducted in Asia and 
the Middle East, the resistance rates in this 
study appear to be lower than those reported 
in Hong Kong (14.3%) and the Philippines 
(9.1%); however, increasing resistance 
to levofloxacin in countries such as Qatar, 
Kuwait, and Lebanon remains a concern [24, 25]. 

Data from Iran are limited; however, Kargar 
et al. (2014) [14] reported higher resistance 
rates (ciprofloxacin 73.3%, ofloxacin 53.3%, 
norfloxacin 48.9%, levofloxacin 42.2%), 
which may reflect regional differences in 
antibiotic use, sampling sites, and clinical 
versus commensal origins of isolates. Similar 
to this study results, another Iranian study 
also confirmed low resistance to levofloxacin 
(2%) despite high resistance to several other 
antibiotics [26].
Interestingly, no ciprofloxacin resistance 
was observed in the isolates, which contrasts 
with the findings of Kargar et al. (2014) [14] 
and Ramakrishnan et al. (2010) [27]. These 
discrepancies may stem from variations in 
clinical sources, antibiotic exposure pat-
terns, or local prescribing practices. Nota-
bly, 54.2 and 20.6% of the isolates exhibited 
intermediate resistance to norfloxacin and 
ofloxacin, respectively. Although these iso-
lates were not fully resistant, they may act as 
precursors to high-level resistance as previ-

Isolate ID

gyrA

Isolate ID

parC

Isolate ID

Both Genes

Mutation
MIC 

(µg/mL) Mutation
MIC 

(µg/mL) Mutation
MIC 

(µg/mL)
Nor Ofl Nor Ofl Nor Ofl

16C Glu-85-
Lys 8 16 7C Ser-81-

Leu 32 0 88

Glu-85-Asn 
(gyrA)

Ser-81-His 
(gyrA)

Asp-83-Thr 
(parC)

16 2

37C Glu-85-
Pro 8 2 26F Ser-81-

Leu 16 2

304

Ser-114-
Gly 

(gyrA)
Ser-55-Arg 

(parC)

16 4

348 Ser-114-
Val 8 2 70H

Ser-79-
Pro

Asp-78-
Asn

32 0

P93 Ser-81-
Thr 16 0

83F Asp-83-
Gly 64 4

60C
Ser-81-

His 64 32

Table 5) Distribution of gyrA, gyrB, parC, and parE gene mutations among 28 fluoroquinolone-resistant 
Streptococcus pneumoniae isolates

Nor: Norfloxacin; Ofl: Ofloxacin
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ously reported in the literature [5, 28]. There-
fore, vigilance is required to prevent their 
progression into more resistant clones.
Molecular analysis revealed that the most 
frequent mutations were located in parC 
(Ser-79, Ser-81, Asp-83), consistent with 
prior reports linking these sites to reduced 
FQ susceptibility [28-32]. Mutations in gyrA, 
particularly at Ser-81 and Glu-85, were also 
detected, with some isolates carrying double 
mutations (positions 81 and 85) that mark-
edly elevated their MICs for norfloxacin and 
ofloxacin. These findings corroborate those 
of Patel et al. (2010) [5], who reported Ser-
81 substitutions in gyrA as critical determi-
nants of ciprofloxacin resistance. However, 
studies have shown that resistance levels are 
not always correlated directly with the num-
ber of mutations; for example, some triple 
mutants may show lower MICs than isolates 
with single or double substitutions, empha-
sizing the positional rather than numerical 
importance of amino acid changes [32].
Of note, 42.8% (12/28) of fluoroquinolone-
resistant isolates did not harbor mutations 
in the QRDRs, suggesting that alternative 
mechanisms, such as efflux pumps, may 
contribute to resistance. Previous studies 
have reported the involvement of the PmrA 
and PatAB efflux systems in mediating 
low-level fluoroquinolone resistance and 
facilitating stepwise QRDR mutations [8, 33, 

34]. A limitation of the present study was that 
no formal sample size or power calculation 
was performed, as this investigation was 
designed as an exploratory study based on 
all available isolates. In addition, isolates 
were collected from hospitals within a single 
city, which may limit the generalizability of 
the findings to other geographical regions. 
Furthermore, efflux-related assays were 
not conducted due to resource constraints; 
however, the preserved isolates allow 
future investigations to assess efflux pump 
expression and its potential interplay with 

mutational resistance.
Taken together, our data show that although 
pneumococcal resistance to newer FQs 
such as moxifloxacin and levofloxacin 
remains relatively low in Iran, the presence 
of mutations in parC and gyrA, coupled 
with intermediate resistance phenotypes, 
indicates a risk of emerging high-level 
resistance. Integration of phenotypic MIC 
results with genotypic data underscores 
that both mutational and non-mutational 
pathways must be considered in resistance 
surveillance. Future work should incorporate 
efflux pump analysis, larger sample sizes, 
and correlation with clinical treatment 
outcomes to provide a more complete 
picture of fluoroquinolone resistance in S. 
pneumoniae.

Conclusion
The results of this study show that the 
overall rate of FQ resistance in pneumococci 
is still low, and there is no significant 
correlation between FQ resistance and the 
source of pneumococcal isolates. However, 
the frequent mutations and high MIC levels 
to primary FQs reported here are alarming. 
Although all isolates were susceptible to 
moxifloxacin in our study, the sample size 
(131 isolates) may not fully represent 
the broader epidemiological situation of 
S. pneumoniae in Iran. Therefore, larger 
multicenter studies are warranted to draw 
more generalizable conclusions. 
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