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Background: Shigella is a frequent cause of bacterial dysentery in the developing world. 
Treatment with antibiotics is recommended for shigellosis, but the options are limited due 
to globally emerging resistance. This study was conducted to determine the frequency and 
pattern of antimicrobial susceptibility of Shigella in China.

Methods: We studied the antimicrobial resistance profiles of 308 Shigella spp. strains (260 
S. flexneri, 40 S. sonnei, 5 S. boydii, and 3 S. dysenteriae) isolated from fecal samples of 
patients (age, from 3 months to 92 yr) presenting with diarrhea in different districts of An-
hui, China. The antimicrobial resistance of strains was determined by the agar dilution 
method according to the CSLI guidelines.

Results: The most common serogroup in the Shigella isolates was S. flexneri (n=260, 84.4%), 
followed by S. sonnei (n=40, 13.0%). The highest resistance rate was found for nalidixic 
acid (96.4%), followed by ampicillin (93.2%), tetracycline (90.9%), and trimethoprim/sulfa-
methoxazole (80.8%). Among the isolates tested, 280 (91.0%) were multidrug resistant (re-
sistant to ≥2 agents). The most common resistance pattern was the combination of ampi-
cillin, tetracycline, and trimethoprim/sulfamethoxazole (70.8%). Resistance to ampicillin 
and tetracycline were more common among S. flexneri than among S. sonnei isolates.

Conclusions: S. flexneri is predominant in Anhui, China, and its higher antimicrobial resis-
tance rate compared with that of S. sonnei is a cause for concern. Continuous monitoring 
of resistance patterns is necessary to control the spread of resistance in Shigella. The rec-
ommendations for antimicrobial treatment must be updated regularly based on surveillance 
results.
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INTRODUCTION

Shigellosis is an acute enteric infection caused by Shigella spe-

cies and is manifested by diarrhea. Shigellosis is endemic to 

many developing countries, and it causes considerable morbid-

ity and mortality [1, 2]. It was reported that more than 140 mil-

lion cases of shigellosis occurred worldwide, with 600,000 peo-

ple dying annually; 60% of the deaths were observed in children 

aged less than 5 yr [3]. In China, 0.8-1.7 million episodes of 

shigellosis were reported in 2000, and the predominant species 

was Shigella flexneri [4]. S. flexneri is the most commonly iso-

lated Shigella species in the developing world and the most fre-
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quent cause of bacterial dysentery. Despite the disease being 

self-limiting, antimicrobial agents are recommended for the 

treatment of shigellosis, because it reduces the duration of the 

illness and the transmission rate of the disease by shortening 

the period required for excretion of the pathogen [5]. However, 

Shigella species have developed antimicrobial resistance since 

1940, when the resistance of Shigella species to sulfonamide 

was first recognized in Japan [6].

 In recent decades, Shigella species have become progres-

sively more resistant to most of the widely-used antimicrobial 

agents, resulting in reduced efficacy of antimicrobial therapies 

[6, 7]. The increasing levels of antimicrobial resistance in Shi-
gella isolates have complicated the selection of empirical agents 

for its treatment. Moreover, antimicrobial resistance among Shi-
gella spp. varies from region to region. Thus, when choosing an 

appropriate antibiotic to treat shigellosis, it is important to un-

derstand the local antimicrobial resistance. We conducted the 

present study to determine the prevalence of Shigella species 

and their antimicrobial resistance patterns in China in order to 

better manage shigellosis.

METHODS

1. Bacterial isolates and serotyping
From 2005 to 2011, a total of 308 non-duplicate Shigella isolates 

(260 S. flexneri, 40 S. sonnei, 5 S. boydii, and 3 S. dysenteriae) 

were isolated from the stool samples of different patients at 34 

hospitals in Anhui Province, China. The patients included in this 

study were from 18 different districts in Anhui Province, including 

Hefei, Wuhu, Bengbu, Huainan, Ma’anshan, Huaibei, Tongling, 

Anqing, Huangshan, Chuzhou, Fuyang, Suzhou, Lu’an, Bozhou, 

Chizhou, Chaohu, and Xuancheng, which are distributed across 

the province. Individual isolates were identified by standard mi-

crobiological and biochemical methods and were confirmed us-

ing the API-20E system (bioMérieux, Marcy l’ Étoile, France). All 

isolates were serotyped using commercial antisera (Denka Seiken 

Co. Ltd., Tokyo, Japan).

2. Antimicrobial susceptibility testing
Minimal inhibitory concentrations of the following 19 antimicro-

bial agents were determined by the agar dilution method ac-

cording to the CLSI guidelines [8]: ampicillin (AMP), piperacillin 

(PIP), cefotaxime (CTX), ceftriaxone (CRO), ceftazidime (CAZ), 

cefepime (FEP), cefoxitin (FOX), aztreonam (ATM), nalidixic 

acid (NAL), ciprofloxacin (CIP), levofloxacin (LEV), norfloxacin 

(NOR), gatifloxacin (GAT), gentamicin (GM), amikacin (AMK), 

chloramphenicol (CHL), trimethoprim/sulfamethoxazole (SXT), 

tetracycline (TET), and imipenem (IMP). Escherichia coli ATCC 

25922 was used for quality control. Susceptible and non-sus-

ceptible isolates were defined according to the criteria used for 

Enterobacteriaceae suggested by the CLSI [8].

3. Statistical analysis
Statistical analysis focused on the relationships between antimi-

crobial resistance patterns and Shigella serotype, geographic 

location, and age and sex of the patient. We defined multidrug 

resistance as resistance to 2 or more classes of antimicrobial 

agents among all classes included in the analysis [9]. In order  

to calculate incidence rates by geographic region, we grouped 

the 17 participating districts into 3 regions: South (Wuhu, Ma’
anshan, Tongling, Huangshan, Chizhou, and Xuancheng), North 

(Bengbu, Huaibei, Fuyang, Suzhou, and Bozhou), and Mid (He-

fei, Huainan, Anqing, Chuzhou, Lu’an, and Chaohu).

 The SPSS (Statistical Product and Service Solutions, version 

13.0) (SPSS Inc., Chicago, IL, USA) was used for the analysis of 

data. We used the χ2 test to compare proportions and Fisher’s 

exact test when appropriate. P values were based on two-tailed 

test results, and P values of <0.05 were considered statistically 

significant.

RESULTS

1. Geographic distribution
Among the 308 isolates, S. flexneri was the most prevalent spe-

cies (n=260, 84.4%), followed by S. sonnei (n=40, 13.0%), S. 
boydii (n=5, 1.6%), and S. dysenteriae (n=3, 1.0%). S. flexneri 

accounted for 60.0% of all Shigella isolates from the South re-

gion, 93.2% from the North region, and 60.5% from the Mid re-

gion. S. sonnei accounted for 40.0% of all Shigella isolates from 

the South region, 4.3% from the North region, and 37.2% from 

the Mid region. Among the 5 S. boydii isolates, 4 were from the 

North region, and 1 was from the Mid region. All 3 S. dysente-
riae isolates were from the North region.

2. Age and gender
Shigella strains were isolated from specimens obtained from 

symptomatic patients in all age groups. The median age was  

4 yr (range, from 3 months to 92 yr), and 53.0% of the subjects 

were male. The patients from whom S. sonnei was isolated were 

younger than those from whom S. flexneri was isolated (median 

age, 4 yr vs. 8 yr; P <0.05). Infants and children 1-4 yr ac-

counted for the highest proportion of S. flexneri (29%) and S. 
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sonnei (59.7%) isolates. Overall, more number of S. flexneri iso-

lates were obtained from male subjects than from female sub-

jects (53.5% vs. 46.5%; P <0.05).

3. Yearly distribution
Fig. 1 shows the yearly distribution of the Shigella isolates. 

S. flexneri was the most common species isolated each year. A 

sharp increase in the number of S. flexneri isolates was observed 

in 2011, i.e., from 26 in 2010 to 129. S. boydii was only isolated 

in 2005 (n=2) and 2006 (n=3), and S. dysenteriae was only iso-

lated once per year in 2005, 2009, and 2011.

4. Antimicrobial resistance
A comparative analysis of the sensitivities of the Shigella isolates 

against the individual antibiotics was performed. The highest  

resistance rate was found for NAL (96.4%), followed by AMP 

(93.2%), TET (90.9%), and SXT (80.8%). Overall, 94.2% of the 

S. flexneri strains and 85.0% of S. sonnei strains were resistant 

to AMP; 96.2% of the S. flexneri strains and 65.0% of S. sonnei 
strains were resistant to TET, and 81.9% of the S. flexneri strains 

and 75.0% of the S. sonnei strains were resistant to SXT. S. flexneri 
was most sensitive to IMP (100%), followed by FOX (99.2%) and 

CAZ (97.7%). S. sonnei was most sensitive to IMP (100%), fol-

lowed by AMK (95.0%), GAT (90.0%), ATM (90.05.5%), and FEP 

(90.0%).

 Among the 308 isolates tested, 280 (91.0%) were multidrug 

resistant (resistant to 2 or more agents). The most common  

resistance pattern was the combination of AMP, TET, and SXT 

(70.8%). Resistance to the combination of AMP, CIP, and SXT 

was observed in 74 isolates (24.0%). Resistance to the combi-

nations of AMP, TET, and SXT, or to that of AMP, CIP, and SXT 

were similar between the S. flexneri and S. sonnei isolates (73.1% 

and 60.0%, P =0.09; 23.1% and 27.5%, P =0.54, respectively).

 Resistance to AMP was more common among S. flexneri 
isolates than that among S. sonnei isolates (94.2% vs. 85.0%, 

P =0.03); resistance to TET was also more common among S. 
flexneri isolates than that among S. sonnei isolates (96.2% vs. 

65.0%, P =0.00). However, the proportions of S. flexneri and S. 
sonnei isolates resistant to SXT were similarly high (81.9% and 

75.0%, P =0.30) (Table 1).

Table 1. Antimicrobial resistance of Shigella isolates in China from 
2005 to 2011

Antimicrobial 
agent or  
characteristic

Breakpoint(s)

Number of isolates resistant to  
antimicrobials (%)

All isolates
(N=308)

S. flexneri
(N=260)

S. sonnei
(N=40)

AMP ≥32 287 (93.2) 245 ( 94.2) 34 (85.0) 

PIP ≥128 105 (34.1) 74 (28.5) 28 (70.0) 

CTX ≥4 76 (24.7) 47 (18.1) 25 (62.5) 

CRO ≥4 83 (26.9) 58 (22.3) 17 (42.5) 

CAZ ≥16 16 (5.2) 6 (2.3) 8 (20.0) 

FEP ≥32 20 (6.5) 9 (3.5) 4 (10.0) 

FOX ≥32 11 (3.6) 2 (0.8) 8 (20.0) 

ATM ≥16 76 (24.7) 65 (25.0) 4 (10.0) 

NAL ≥32 297 ( 96.4) 260 (100.0) 30 (75.0) 

CIP ≥4 86 (27.9) 66 (25.4) 14 (35.0) 

LEV ≥8 30 (9.7) 16 (6.2) 8 (20.0) 

NOR ≥16 70 (22.7) 58 (22.3) 11 (27.5) 

GAT ≥8 29 (9.4) 21 ( 8.1) 4 (10.0) 

GM ≥16 119 (38.6) 105 (40.3) 10 (25.0) 

AMK ≥64 14 (4.5) 9 (3.5) 2 (5.0) 

CHL ≥32 235 (76.3) 196 (75.4)  35 (87.5) 

SXT ≥4/76 249 (80.8) 213 (81.9) 30 (75.0) 

TET ≥16 280 (90.9) 250 (96.2) 26 (65.0) 

IMP ≥4 0 (0.0) 0 (0.0)  0 (0.0) 

AMP, TET, and SXT
≥32, ≥16,  
and ≥4/76

218 (70.8) 190 (73.1) 24 (60.0) 

AMP, CIP, and SXT
≥32, ≥4,  

and ≥4/76
74 ( 24.0) 60 (23.1) 11 (27.5) 

Multiresistance* - 280 (91.0) 239 (91.9) 36 (90.0) 

*Defined as resistant to 2 or more antimicrobial agents.
Abbreviations: AMP, ampicillin; PIP, piperacillin; CTX, cefotaxime; CRO, cef-
triaxone; CAZ, ceftazidime; FEP, cefepime; FOX, cefoxitin; ATM, aztreonam; 
NAL, nalidixic acid; CIP, ciprofloxacin; LEV, levofloxacin; NOR, norfloxacin; 
GAT, gatifloxacin; GM, gentamicin; AMK, amikacin; CHL, chloramphenicol; 
SXT, trimethoprim/sulfamethoxazole; TET, tetracycline; IMP, imipenem.
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Fig. 1. Yearly distribution of Shigella isolates.
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DISCUSSION

Global studies have suggested that 164.7 million people suffer 

from shigellosis every year. The number of deaths due to shigel-

losis has been estimated to be 1.1 million annually, particularly 

among children in developing countries [1]. S. sonnei is the pre-

dominant cause of shigellosis in developed countries, and it is 

more common in children than in adults [10, 11]. However, in 

developing countries with low socioeconomic conditions, S. 
flexneri is the predominant species. In China, 0.8-1.7 million ep-

isodes of shigellosis were reported in 2000, and the predomi-

nant species was S. flexneri [4], which was consistent with the 

findings of our study.

 Increasing antimicrobial resistance has complicated the selec-

tion of empirical antibiotics for the treatment of shigellosis. From 

1999 to 2002, data from the National Antimicrobial Resistance 

Monitoring System (NARMS) in the United States revealed a 

high rate of resistance to AMP (78.0%) and SXT (46.0%), as well 

as multidrug resistance (64.0%) among Shigella isolates [9]. The 

multidrug-resistance rate (91.0%) among Shigella isolates in our 

study was significantly high. Although only limited numbers of 

strains were examined, these results showed that the level of re-

sistance demonstrated by Shigella in China is serious and that 

this phenomenon may be due to increasing antibiotic overuse in 

both humans and animals.

 According to the WHO guidelines for the control of shigellosis, 

CIP is now the drug of choice for all patients with bloody diarrhea, 

irrespective of their age [2]. However, there have been several 

previous reports on the evolution of CIP resistance among Shi-
gella strains. CIP resistance was documented in approximately 

0.5% of Shigella isolates in Israel from 1998 to 2000 [12], in 

0.06% of isolates in the United States from 1999 to 2002 [9], 

and in 0.2% of isolates in Asia from 2000 to 2004 [13]. In the 

Asia-Africa area, the rate of resistance to CIP was 29.1% in 

2007-2009, while the levels of resistance in isolates from Europe-

America remained low (< 1.0%) [14]. In a previous study con-

ducted in 2006 in Henan Province, China, all of the 71 S. flexneri 
isolates exhibited resistance to NAL; in addition, 21% and 79% 

showed high- or low-level resistance to CIP, respectively [15]. In 

this study, a significantly higher rate of resistance to CIP (27.9%: 

25.4% for S. flexneri and 35.0% for S. sonnei) was demonstrated 

when compared with the rate of resistance to LEV (9.7%) (P <

0.05). Pu et al. [16] reported that 15 out of 123 S. flexneri iso-

lates showed different levels of resistance to NAL, CIP, and LEV. 

The rate of resistance to CIP and LEV were 100% and 40.0%, 

respectively. Our results were similar to their report. This differ-

ence may be due to the increasing quinolone overuse in both 

humans and livestock in China.

 Because the proportion of isolates resistant to AMP, CHL, 

SXT, and TET has increased substantially among Shigella iso-

lates worldwide in the last decade, these drugs are no longer 

recommended as empirical therapy for shigellosis by the WHO 

[2]. The high prevalence of antimicrobial resistance among Shi-
gella isolates noted in this study limits the safe and efficacious 

treatment options for shigellosis, particularly for children [17-19]. 

Because resistance to AMP, TET, and SXT is common, appro-

priate antimicrobial agents for the treatment of shigellosis are 

limited to fluoroquinolones, CAZ, CRO, and AMK according to 

our study.

 In conclusion, our study demonstrates that S. flexneri is cur-

rently the predominant species in Anhui, China, and its higher 

antimicrobial resistance rate compared with that of S. sonnei is 

a cause for concern. The antimicrobial resistance pattern sug-

gests widespread resistance of Shigella to AMP, TET, and SXT. 

Empirical antimicrobial therapy for shigellosis requires knowl-

edge of the antimicrobial resistance pattern of local Shigella 

strains. Clinical practitioners should be aware of the high multi-

drug resistance of Shigella spp., particularly the increasing re-

sistance to fluoroquinolones. Continuous monitoring of resis-

tance patterns at the national and international levels is required 

in order to control the spread of resistance in Shigella. The rec-

ommendations for antimicrobial treatment must be updated 

regularly based on surveillance results.
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