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Background: Shigella flexneri is an emerging threat in low socioeconomic
countries including Pakistan. No previous data is available on the association between S. flexneri serotypes and antimicrobial resistance in Pakistan.
Objectives: The objective of the present study was to assess the association
between serotypes and antimicrobial resistance patterns among S. flexneri
isolated from clinical and nonclinical samples.
Methods: A total of 199 S. flexneri isolates were subjected to molecular
serotyping and antibiotic resistance.
Results: The most prevalent S. flexneri serotype was 2b (38%) followed by
1b (24%), 7a (20%), 2a (11%), 1d (5%) and Y (2%). The phylogenetic reconstruction showed 12 clades among which the clades II, III, V, VIII, IX and
XI have consisted of serotypes that were found both in human population
and environment samples. A high level of multidrug resistance (MDR) was
observed in serotype 2b (37.68%) followed by 1b (19.5%) and 7a (19.5%),
2a (11.5%), 1d (5%) and Y (2%). All isolates of serotype 2b showed high
level of resistance to amoxicillin/clavulanic acid (100%) followed by quinolone (74.6%) and trimethoprim-sulfamethoxazole (54.6%). Interestingly,
none of the serotype was resistant to piperacillin-tazobactam, imipenem and
amikacin. The most frequently detected resistance genes among serotype 2b
were blaOXA (100%) followed by qnrS (88%), cat (81%) and sul2 (63%).
Conclusion: The most frequent S. flexneri serotype was 2b while 1d and Y
was first time reported in Pakistan. High frequency of MDR serotypes of
S. flexneri is a serious threat in diarrhea endemic regions and thus require
urgent strategies for its continuous monitoring and prevention.
Key Words: Shigella flexneri, Serotype 2b, antibiotic resistance, Pakistan
(Pediatr Infect Dis J 2020;39:e352–e358)
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higella flexneri belonging to the Enterobacteriaceae family that
causes bacterial dysentery particularly in children and places a
great burden on the medical system worldwide, mostly in develAccepted for publication May 14, 2020.
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oping countries with no hygienic water resources and poor sanitation.1,2 It has been likely to expect that annually up to 160 million S.
flexneri cases occur with up to 2.6 million deaths.3 Among Shigella
species, S. flexneri is the most prominent cause of shigellosis in
developing countries. Based on O-antigen, S. flexneri has 19 different serotypes and in a region where S. flexneri is endemic, the
serotype distribution may vary over time.4–6 Among these 7a, 7b,
1d, 4av, Yv, 2 variant and Xv have been recently reported.7 In 1989,
serotype 7a first reported from Bangladesh and later become prevalent in Egypt, Vietnam and Bangladesh.8 Serotype Xv, 4av, Y and 1d
were first reported in China.7,9 In developing countries, S. flexneri
serotype 1b is more prevalent followed by S. flexneri serotype 2a.
There is continuous change in the distribution of S. flexneri serotypes and their antibiotic resistance profile in developing countries
due to the evolution of diverse circulatory clone of S. flexneri.10,11
Therefore, local antimicrobial resistance profiling is important for
effective treatment and prevention of disease dissemination.10–13
This study describes the first report on the molecular serotyping
of S. flexneri and its association with antimicrobial resistance patterns in Pakistan. The findings of the present study will be helpful
in monitoring and vaccine development for shigellosis in Pakistan.

METHODS
Bacterial Isolates
A total of 199 S. flexneri isolates isolated from stool samples
of pediatric diarrheal patients up to age of 17 years at tertiary care
hospitals of Khyber Pakhtunkhwa, Pakistan, (Nisa et al, 2020)14 and
nonclinical samples (drinking water and raw milk, fruits/vegetables
from markets [unpublished work] of Pakistan) from January 2016
to May 2017 were included in the analysis.

Molecular Serotyping of S. flexneri Using
Multiplex PCR
A molecular serotyping of these S. flexneri isolates isolated
from clinical and nonclinical (drinking water, retail raw milk,
fruits and vegetables) samples was performed by using a multiplex polymerase chain reaction (PCR) assay following a procedure described previously6 with minor modification. Primers used
to amplify S. flexneri-specific serotype genes are listed in Table
(Supplemental Digital Content 1, http://links.lww.com/INF/E45).
The multiplex PCR assay was done by using the 2× phire green
hot start II PCR master mix (Thermo Fisher Scientific) according
to guidelines of the manufacturer’s instructions. Thermal cycling
was conducted by an initial denaturation step for 90 seconds at
98°C, followed by 32 cycles of 98°C for 10 seconds, 52°C for 90
seconds and 72°C for 45 seconds, with a final extension of 72°C
for 55 seconds in a Thermocycler (Bio-Rad, CA). A loading dye
was mixed with a 5 µL of the amplified product, subjected to electrophoresis by using 1.5% agarose gel and then visualized in a UV
transilluminator.
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Antibiotic Susceptibility Testing and Detection of
Antibiotic Resistance Gene
Antibiotic susceptibility testing for all serotypes of S.
flexneri was performed by Kirby–Bauer disc-diffusion method following the instructions of clinical and laboratory standards institute
(CLSI).15 The discs (OXOID) used in the study were amoxicillin/
clavulanic acid (AMC, 30 μg), ofloxacin (OFX, 5 µg), ceftazidime
(CAZ, 30 µg), cefpodoxime (CPD, 10 µg), cefixime (CFM, 5 µg),
ceftriaxone (CRO, 30 μg), trimethoprim–sulfamethoxazole (SXT,
30 µg), chloramphenicol (C, 30 μg), ciprofloxacin (CIP, 5 μg),
imipenem (IPM, 10 μg), nalidixic acid (NA, 30 µg), piperacillintazobactam (TZP, 110 µg) and amikacin (AK, 30 μg). In the current
study, MDR refers to S. flexneri resistance to 3 or more unrelated
antibiotic classes. Furthermore for detection of antibiotic resistance
genes, a PCR-based assay that targeted blaOXA, blaTEM, blaSHV (genes
confer resistance to beta-lactam antibiotics); sul1 and sul2 (genes
confer resistance to sulfonamides); cat (genes confer resistance to
chloramphenicol) and qnrA, qnrB, qnrS, aac (genes confer resistance to quinolone) was performed as described earlier by Zhu et
al. (2017).16

Phylogenetic Analysis
A phylogenetic analysis was carried out on nucleotide
sequences of all serotypes of S. flexneri. 16S rRNA gene sequences
were first aligned using MUSCLE program in MEGA ×10.17 The
multiple aligned sequences were then inferred for evolutionary history by using the maximum likelihood and Kimura 2-parameter
model.18

Statistical Analysis
Pearson’s χ2 test and odds ratio (OR, binary logistic regression) with 95% confidence interval (CI) were used to evaluate the
association of (1) serotype and antibiotic resistance, (2) the drugresistant serotypes among clinical and nonclinical samples, (3) S.
flexneri serotypes and multidrug resistance (MDR) patterns and (4)
S. flexneri serotypes and drug resistance genes. A P value of <0.05
was considered to be statistically significant.

RESULTS
Multiplex PCR Serotypes
The multiplex PCR yielded the expected fragment belonging
to specific serotypes. The amplified products were sorted to extract
the serotypes belonging to specific fragments patterns (Fig. 1).

The distributions of serotypes of S. flexneri isolated from different
sources (clinical and nonclinical samples) are shown in Figure 2.
The S. flexneri isolates (n = 199) were grouped into 6 different
serotypes (1b, 2b, 1d, 2a, 7a and Y). The most prevalent serotypes
was 2b (38%) followed by 1b (24%), 7a (20%), 2a (11%), 1d (5%)
and Y (2%). Furthermore, the most prevalent serotype was 2b in
both clinical (34.18%) and nonclinical (49.89%) samples (Table 1).
Serotype 7a was mostly detected in clinical samples (24.61%) compared with nonclinical samples (2.27%) as shown in table 1. All
serotypes except 1b and Y have a significant association (P < 0.05)
with clinical and nonclinical isolates as shown in Table 1. The study
also showed that serotype 2b, 1b and 2a was isolated from all the
sources as shown in Table 2. The only significant association was
observed between the isolates of clinical and drinking water samples belong to serotypes 2b and 7a (Table 2).

Association Between Serotype and Phenotypic
Antibiotic Susceptibility
We studied whether any association was evident between
S. flexneri serotypes and antimicrobial resistance pattern as documented previously.10–12,19
The drug resistance varied among the various serotypes
(1b, 2b, 2a, 7a, 1d and Y) as shown in Table (Supplemental Digital
Content 2, http://links.lww.com/INF/E46). With the exception of
serotype 2a, all serotypes demonstrated high level of resistance to
amoxicillin-clavulanic acid. Only serotype 7a showed sensitivity
to third-generation cephalosporin compared with other serotypes.
Chloramphenicol resistance was observed in all serotypes. Highlevel quinolone resistance was observed in serotypes 2b (74.6%)
and 2a (78.3%) compared with other predominant serotypes (see
Table, Supplemental Digital Content 2, http://links.lww.com/INF/
E46).
Furthermore, in the current study, serotype 2b showed high
level of resistances to AMC (100%) followed by quinolone [OFX,
CIP and NA (74.6%)], SXT (54.6%), cephalosporin [CAZ, CPD
and CFM (44%) and CRO (36%)] and C (27%) as shown in Table
(Supplemental Digital Content 2, http://links.lww.com/INF/E46).
None of the serotype was resistance to IMP, AK and TZPs.

Association Between Drug-Resistant Serotypes
Among Clinical and Nonclinical Samples
We also studied whether any association was evident
between the drug-resistant isolates belong to different serotypes
isolated from clinical with resistant isolates isolated from nonclinical samples. We observed 80.5% of serotype 1b clinical isolates

FIGURE 1. Detection of serotypes of Shigella flexneri on gel. Multiplex polymerase chain reaction (PCR) products were run on
agarose gel of 1.5% and visualized under a ultra-violet transilluminator. Lane M, 1 Kbp DNA ladder; Lane 1, 1b; Lane 2, 2b;
Lane 3, 2b; Lane 4, 2a; Lane 5, 7a; Lane 6, 2b; Lane 7, 1d; Lane 8, 1b; Lane 9, negative control; Lane 10, 1b; Lane 11, 1d;
Lane 12, Y. Note: 1b (wzx 1-5+ gtr I+ oac), 1d (wzx 1-5+ gtr I+ gtrX), 2a (wzx 1-5+ gtrII), 2b(wzx 1-5+ gtrX+ gtrII), 7a (wzx
1-5+ gtr I+ gtrIC) and Y (wzx 1-5).
© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Comparative Distribution of Serotypes
Among Shigella flexneri Strains Isolated From Clinical
Samples, Drinking Water and Retail Raw Foods (Milk,
Fruits and Vegetables)
Variables

FIGURE 2. Chart showing the distribution of serotypes
of Shigella flexneri in Pakistan detected by multiplex
polymerase chain reaction (PCR).
were resistant to AMC and 83% of nonclinical isolates were resistant whereas both clinical and nonclinical isolates of serotype 2b
were 100% resistant to AMC. Similarly, we also noticed 88.6% of
serotype 2b clinical isolates were resistant to quinolones but only
45% of nonclinical isolates were resistant, whereas 70.7 % of serotypes 2a clinical isolates were resistant and 55.3% of nonclinical
isolates were resistant as shown in Table (Supplemental Digital
Content 2, http://links.lww.com/INF/E46). We also noticed a significant association between most of the resistant isolates belongs
to serotype 2b and 7a isolated from clinical samples with resistant isolates from nonclinical samples to quinolones (P < 0.005)
as described in Table (Supplemental Digital Content 2, http://links.
lww.com/INF/E46).

Association Between MDR Patterns and S. flexneri
Serotypes
In the current study, we noticed that the high prevalence of
MDR was shown in serotype 2b (37.68%) followed by 1b (19.5%)
and 7a (19.5%), 2a (11.5%), 1d (5%) and Y (2%). Furthermore,
13 different phenotypic patterns were observed for all serotypes
of S. flexneri. A statistically significant association was observed
between the most prevalent MDR patterns AMC, CAZ, CPD,
CFM, CRO, SXT (52%, P < 0.0001); OFX, SXT, NA, CIP (61%,
P < 0.0001); OFX, AMC, NA, CIP (34.6%, P < 0.0001); AMC,
SXT, C (97%, P < 0.0001); OFX, AMC, CAZ, CPD, CIP (75%,
P < 0.0001) and AMC, SXT, C (80%, P = 0.0004) with a serotypes
1b, 2a, 2b,7a, Y and 1d, respectively (Table 3).

TABLE 1. Distribution of Serotypes of Shigella flexneri
Isolated From Clinical and Nonclinical Samples

Serotypes
1b
1d
2a
2b
7a
Y

Total
isolates

Strains (n = 155)
isolated from
clinical
samples, n (%)

48
10
23
75
39
4

36 (23.2)
9 (5.8)
16 (10.32)
53 (34.18)
38 (24.61)
3 (1.93)

Strains (n = 44)
isolated from
nonclinical
samples, n (%)
12 (27.24)
1 (2.27)
7 (15.89)
22 (49.89)
1 (2.27)
1 (2.27)

P
0.20
0.004
0.008
0.01
<0.0001
0.20

P value <0.05 was considered statistically significant. Clinical samples includes
human diarrheal stool samples. Nonclinical samples includes drinking water, retail raw
milk, fruits and vegetables.
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1b
 Clinical samples
 Drinking water
 Raw milk
 Raw fruits/vegetables
1d
 Clinical samples
 Drinking water
 Raw milk
 Raw fruits/vegetables
2a
 Clinical samples
 Drinking water
 Raw milk
 Raw fruits/vegetables
2b
 Clinical samples
 Drinking water
 Raw milk
 Raw fruits/vegetables
7a
 Clinical samples
 Drinking water
 Raw milk
 Raw fruits/vegetables
Y
 Clinical samples
 Drinking water
 Raw milk
 Raw fruits/vegetables

Total
isolates

Positive,
n (%)

Negative,
n (%)

P

155
22
12
10

36 (23.2)
5 (22.7)
3 (25)
4 (40)

119 (76.8)
17 (77.3)
9 (75)
6 (60)

0.57
0.87
0.94
0.228

155
22
12
10

9 (5.8)
0
1 (8.3)
0

146 (94.2)
22 (100)
11 (91.7)
10 (100)

0.34
0.25
0.59
0.45

155
22
12
10

16 (10.3)
3 (13.6)
1 (8.3)
3 (30)

139 (89.7)
19 (86.4)
11 (91.7)
7 (70)

0.30
0.74
0.71
0.06

155
22
12
10

53 (34.2)
13 (59)
6 (50)
3 (30)

102 (65.8)
9 (41)
6 (50)
7 (70)

0.05
0.02
0.36
0.60

155
22
12
10

38 (24.5)
1 (4.5)
0
0

117 (75.5)
21 (95.5)
12 (100)
10 (100)

0.001
0.05
0.07
0.10

155
22
12
10

3 (2)
0
1 (8.3)
0

152 (98)
22 (100)
11 (91.7)
10 (100)

0.88
0.47
0.10
0.64

P value <0.05 was considered statistically significant.

In the current study, we further noticed 8 different phenotypic resistance patterns among S. flexneri serotype 2b. The most
prevalent phenotypic resistance patterns among S. flexneri serotype 2b were OFX, AMC, NA, CIP (34.6%, P < 0.0001) followed
by OFX, AMC, CAZ, CPD, CFM, CRO, SXT, NA, CIP (28%,
p<0.0001); OFX, AMC, NA, CIP, C (10.6%, P = 0.06) and AMC,
SXT, C (9.3%, P < 0.0001) as described in Table 3.

Association Between Genotypic Resistance
Patterns and S. flexneri Serotypes
All phenotypic resistant isolates were further investigated
for the harboring of 10 different antibiotic resistance genes. We
observed heterogeneity in the genotypic resistance markers among
the different serotypes of S. flexneri isolated from different samples
as shown in Table (Supplemental Digital Content 3, http://links.
lww.com/INF/E47). No expression of resistance genes of blaSHV,
sul1, qnrA, qnrB and aac genes was detected in the tested isolates. Drug resistance gene blaOXA, blaTEM, qnrS, sul2 and cat were
detected in all predominant serotypes of S. flexneri except for serotype 2a in which only blaOXA, sul2 and qnrS were detected.
In the current study, the most frequently detected resistance
gene among S. flexneri serotype 2b were blaOXA (100%, P < 0.0001),
followed by qnrS (88%, P = 0.003), cat (81%, P < 0.0001), sul2
(63%, P < 0.0001) and blaTEM (35%, P < 0.0001) as shown in Table
(Supplemental Digital Content 3, http://links.lww.com/INF/E47).
Furthermore, there were also notable differences in MDR
genotypes between the different serotypes as shown in Table 4. For
all serotypes of S. flexneri, 8 different genotypic resistance patterns
© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Multidrug Resistance (MDR) Pattern Among Various Serotypes of
Shigella flexneri
Resistance pattern

Total
isolates

No. of drug-resistant
isolates, n (%)

P

AMC, SXT, C
AMC, CAZ, CPD, CFM, CRO, SXT
SXT
AMC, CAZ, CPD, CFM, CRO, SXT, C
AMC, CPD, CFM, SXT, NA, C
OFX, AMC, NA, CIP, C
AMC, SXT, C
AMC, CAZ, CPD, CFM, CRO, SXT
AMC, CAZ, CPD, CFM, CRO, SXT, C
OFX, AMC, NA, CIP, C
AMC, CAZ, CPD, CFM, SXT
OFX, AMC, NA, CIP
OFX, AMC, SXT, NA, CIP
OFX, AMC, CAZ, CPD, CFM, CRO, SXT, NA, CIP
OFX, AMC, NA, CIP, C
AMC, CAZ, CPD, CFM, SXT
OFX, SXT, NA, CIP
AMC, CPD, CFM, CRO, SXT, NA, C
AMC, SXT, C
OFX, AMC, NA, CIP
AMC, SXT, C
AMC, CPD, CFM, SXT, NA, C
AMC, CAZ, CPD, CFM, SXT
OFX, AMC, CAZ, CPD, CIP

48
48
48
48
48
48
75
75
75
75
75
75
75
75
23
23
23
23
39
39
10
10
4
4

7 (14.5)
25 (52)
9 (18.7)
4 (8.3)
1 (2)
2 (4)
7 (9.3)
1 (1)
5 (6.6)
8 (10.6)
6 (8)
26 (34.6)
1 (1)
21 (28)
3 (13)
3 (13)
14 (61)
3 (13)
38 (97)
1 (2.5)
8 (80)
2 (20)
1 (25)
3 (75)

0.006
<0.0001
<0.0001
0.44
0.7
0.44
<0.0001
0.0001
0.25
0.06
0.13
<0.0001
0.19
<0.0001
0.17
0.06
<0.0001
<0.0001
<0.0001
0.02
0.0004
<0.0001
0.06
<0.0001

Serotype
1b
1b
1b
1b
1b
1b
2b
2b
2b
2b
2b
2b
2b
2b
2a
2a
2a
2a
7a
7a
1d
1d
Y
Y

P value < 0.05 was considered statistically significant.

TABLE 4. Distribution of Genetic MDR Pattern Among
Serotypes of Shigella flexneri
Serotype (n)
1b (48)
1b (48)
1b (48)
1b (48)
1b (48)
1b (48)
1b (48)
2b (75)
2b (75)
2b (75)
2b (75)
2b (75)
2b (75)
2b (75)
2b (75)
2a (23)
2a (23)
7a (39)
1d (10)
1d (10)
1d (10)
Y (4)
Y (4)
Y (4)

Drug resistance
genes pattern

MDR isolates,
n (%)

blaOXA, blaTEM, sul2, qnrS, cat
blaOXA, qnrS, cat
blaOXA, sul2, qnrS, cat
sul2, qnrS
blaOXA, blaTEM, sul2
blaOXA, blaTEM, sul2,cat
blaOXA, sul2, cat
blaOXA, blaTEM, sul2, qnrS, cat
blaOXA, qnrS, cat
blaOXA, sul2, qnrS, cat
blaOXA, blaTEM, sul2
blaOXA, blaTEM, sul2, cat
blaOXA, sul2, cat
blaOXA, sul2, qnrS
blaOXA, blaTEM, qnrS, cat
blaOXA, qnrS, cat
sul2, qnrS
blaOXA, blaTEM, sul2, qnrS, cat
blaOXA, blaTEM, sul2, qnrS, cat
blaOXA, sul2, qnrS
blaOXA, sul2, qnrS, cat
blaOXA, sul2, qnrS, cat
blaOXA, blaTEM, sul2
blaOXA, blaTEM, sul2, cat

2 (4)
5 (10)
1 (2)
4 (8)
28 (58)
5 (10)
3 (6)
22 (29)
27 (36)
3 (4)
1 (1)
2 (3)
6 (8)
13 (17)
1 (1)
2 (9)
21 (91)
39 (100)
8 (80)
1 (10)
1 (10)
2 (50)
1 (25)
1 (25)

P
<0.0001
0.158
0.901
0.31
<0.0001
0.009
0.5
0.14
<0.0001
0.7
<0.0001
0.45
0.06
<0.0001
0.19
0.25
<0.0001
<0.0001
0.002
0.7
0.25
<0.0001
0.57
0.03

P value < 0.05 was considered statistically significant.

were noticed. The most common antibiotic resistance pattern
among different predominant serotypes of S. flexneri were blaOXA,
blaTEM, sul2 in 1b (58%, P < 0.0001); blaOXA, qnrS, cat in 2b (36%,
P < 0.0001); sul2, qnrS in 2a (91%, P < 0.0001); blaOXA, blaTEM,
sul2, qnrS, cat in 7a (100%, P < 0.0001) and 1d (80%, P = 0.002)
and blaOXA, sul2, qnrS, cat in Y(50%, P < 0.0001).
© 2020 Wolters Kluwer Health, Inc. All rights reserved.

We also further observed 8 different genotypic resistance
patterns among S. flexneri serotype 2b. The most prevalent genotypic resistance pattern were blaOXA, qnrS, cat (36%, P < 0.0001)
followed by blaOXA, blaTEM, sul2, qnrS, cat (29%, P = 0.14), blaOXA,
sul2, qnrS (17%, P < 0.0001) and blaOXA, sul2, cat (8%, P = 0.06)
as shown in Table 4.

Phylogenetic Relationship of S. flexneri Serotype
by Partial Genome Sequencing
The phylogenetic reconstruction showed that all 199 isolates formed 3 major clusters as shown in Figure 3. These clusters
were further placed into 12 clades according to how strains were
closely linked. The clades I, IV, VI, VII, X and XII have strains of
S. flexneri serotypes that were circulating within a human population while other clades II, III, V, VIII, IX and XI have consisted
of S. flexneri serotypes that were found both in human population
and nonclinical samples. Furthermore, we found that the serotypes
Y fall in same clades with 2b and 1b serotypes while serotype 1d
showed close sequence identity with 2b, 1b and 7a serotypes isolated from different sources.

DISCUSSION
Shigellosis caused by the S. flexneri has been a leading
health problem in developing countries. Molecular characterization
of S. flexneri isolates is important to understand the disease burden caused by new Shigella serotypes, vaccine development and
to prevent the emergence of MDR bacteria.7–13,20,21 Several studies
reported evidence about association of S. flexneri serotype with
antibiotic resistance pattern.4–14 The current study is highlighting
the molecular serotyping of S. flexneri and their association with
antimicrobial resistance patterns in Pakistan. The serotype 2b was
observed as most frequent serotype followed by serotype 1b which
is in line with previous studies.12,20 A previous study from Pakistan reported serotype was 2a as a most frequent serotype.12 However, serotypes 1d and Y had not been previously been reported
www.pidj.com |
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FIGURE 3. Phylogenetic tree displaying similarity of Shigella flexneri serotypes between clinical and nonclinical isolates.
The evolutionary history was inferred by using the maximum likelihood method and Kimura 2-parameter model. The tree
with the highest log likelihood (−2189.40) is shown. Initial tree(s) for the heuristic search was obtained by applying the
neighbor-joining method to a matrix of pairwise distances estimated using the maximum composite likelihood (MCL)
approach. A discrete Gamma distribution was used to model evolutionary rate differences among sites (5 categories (+G,
parameter = 0.8052)). This analysis involved 199 nucleotide sequences. All positions containing gaps and missing data
were eliminated (complete deletion option). There were a total of 543 positions in the final dataset. Evolutionary analyses
were conducted in MEGA X.
in Pakistan. This changing trend in S. flexneri serotypes have also
been reported in Bangladesh and other regions of the world.12,21,22
The emergence and dissemination of S. flexneri MDR isolates have a great impact in low socioeconomic countries.7–13,20–22
S. flexneri serotypes revealed high resistance to widely used antibiotics. In the present study, we observed high MDR in different
S. flexneri serotypes, especially serotype 2b compared with the
earlier reports from Pakistan12,23,24 and China.6,20 We observed high
drug resistance of S. flexneri serotype toward amoxicillin, chloramphenicol, quinolone, cephalosporin and sulfamethoxazole-trimethoprim and thus care must be taken while prescribing these drugs.
As reported in an earlier study, when the effectiveness of first-line
generation antibiotics therapy becomes reduced because of the
development of the resistant isolates then quinolones and cephalosporin were suggested as frontline antibiotics for the treatment of
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shigellosis.25 But, in our study, all the predominant serotypes were
resistant to a third-generation cephalosporin (except 7a) and quinolones. Because of the presently used frontline antibiotics, these
phenotypic resistances threaten the efficacy of treatment. Thus,
preventive policies should be needed to prevent the antimicrobial
resistance spreading among S. flexneri serotype 2b and other predominant serotypes.20
The drug resistance pattern of S. flexneri also varied among
serotypes isolated from clinical and nonclinical source. In the present study, blaOXA gene was detected in all predominant serotypes
including serotype 2b while the blaTEM gene was found in all predominant serotypes of S. flexneri except in serotype 2a isolates.
In the current study, only qnrS gene was observed in all predominant serotypes of S. flexneri including serotype 2b and is in
parallel with the previous studies.26,27 The qnrS gene detection may
© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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enable chromosomal selection mutations that produce resistance
against quinolone.9
We further observed heterogeneity in phenotypic and genotypic resistance patterns among the same or different serotypes of
S. flexneri pattern, which implies either the choice of antimicrobial
therapy may vary between different serotypes, the clonal spread of
resistant microorganism or antibiotic cross-resistance between different classes of the antibiotic that leads to therapeutic failures. This
dissimilarity may be justifying the need for guideline implementation on antimicrobial agents.28 A phylogenetic tree was constructed
to know the genetic similarity between the first times reported S.
flexneri serotypes isolates Y and 1d in Pakistan with other predominant serotypes like 2b, 2a, 1b and 7a from clinical and nonclinical samples. The phylogenetic tree showed 12 clades in which
clade I, IV, VI, VII, X and XII were S. flexneri serotypes strains
that were circulating only in the human population. These clades
did not indicate any S. flexneri serotype movement from human
to environment and vice versa. The remaining clades were intermixed with S. flexneri serotypes including all Y and 1d serotypes
except 4 isolates of 1d serotype isolated from clinical and nonclinical samples. The present finding suggests that these serotypes were
closely similar and might be related to the same lineage, recommending that shigellosis caused by S. flexneri was possibly transmitted from the environment (drinking water, retail raw milk, fruits
and vegetables) to humans. These findings favor the notion that
the environment is a statistically significant source of shigellosis.29
Seeing that S. flexneri serotypes Y and 1d strains from clinical and
nonclinical samples shared the same clade, it might be assumed
that clinical strains most probably originated from nonclinical
strains. The results further suggested that serotypes Y shared the
same clade with serotype 2b and 1b while serotype 1d shared the
same clade with serotype 2b, 1b and 7a suggesting that 1d and Y
serotypes display similarity with these serotypes.
The findings of the present study are important because it
was the first report to reveal association of molecular serotypes and
drug resistance in diarrhea endemic region of Pakistan since there
is no such data available in other regions of Pakistan. This study
had some limitations such as (1) 6 serotypes were studied though
19 serotypes has been reported in various regions of the world, (2)
limited number (n = 4) of Y serotypes has been observed so data
would not a representative of general Y serotypes population and
(3) we have studied selected drug resistance genes though many
other additional targets such as CTX-M or gyrA could had been
included in the study.
In conclusion, the current findings provide serotypes 2b was
predominant in the region and serotypes 1d and Y had not been
previously been reported in Pakistan. Phylogenetic analysis showed
that shigellosis from the studied population possibly has been
acquired from nonclinical sources. Most of the serotypes especially
serotype 2b showed a high level of MDR to the most commonly
used antibiotics in Pakistan, which is a serious threat to diarrhea
endemic regions of Pakistan. We encourage the government health
authorities to develop surveillance system for continuous monitoring of emergence of novel S. flexneri serotypes and drug resistance,
which could be effectively control shigellosis cases in Pakistan.
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