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Abstract

Background: Bacillary dysentery caused by bacteria of the genus Shigella is a significant public health problem in

developing countries such as China. The objective of this study was to analyze the epidemiological pattern of

bacillary dysentery, the diversity of the causative agent, and the antimicrobial resistance patterns of Shigella spp.

for the purpose of determining the most effective allocation of resources and prioritization of interventions.

Methods: Surveillance data were acquired from the National Infectious Disease Information Reporting System

(2004–2014) and from the sentinel hospital-based surveillance system (2005–2014). We analyzed the spatial and

temporal distribution of bacillary dysentery, age and sex distribution, species diversity, and antimicrobial resistance

patterns of Shigella spp.

Results: The surveillance registry included over 3 million probable cases of bacillary dysentery during the period

2004–2014. The annual incidence rate of bacillary dysentery decreased from 38.03 cases per 100,000 person-years in

2004 to 11.24 cases per 100,000 person-years in 2014. The case-fatality rate decreased from 0.028% in 2004 to 0.

003% in 2014. Children aged <1 year and 1–4 years were most affected, with higher incidence rates (228.59 cases

per 100,000 person-years and 92.58 cases per 100,000 person-years respectively). The annual epidemic season

occurred between June and September. A higher incidence rate of bacillary dysentery was found in the Northwest

region, Beijing and Tianjin during the study period. Shigella flexneri was the most prevalent species that caused

bacillary dysentery in China (63.86%), followed by Shigella sonnei (34.89%). Shigella isolates were highly resistant to

nalidixic acid (89.13%), ampicillin (88.90%), tetracycline (88.43%), and sulfamethoxazole (82.92%). During the study

period, isolates resistant to ciprofloxacin and cefotaxime increased from 8.53 and 7.87% in 2005 to 44.65 and 29.

94% in 2014, respectively.

Conclusions: The incidence rate of bacillary dysentery has undergone an obvious decrease from 2004 to 2014.

Priority interventions should be delivered to populations in northwest China and to individuals aged <5 years.

Antimicrobial resistance of Shigella is a serious public health problem and it is important to consider the

susceptibility profile of isolates before determining treatment.
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Background

Bacillary dysentery, which is primarily transmitted by

the fecal-oral route via contaminated food, water, or

person-to-person contact [1–5], is an important enteric

infectious disease caused by Shigella spp. The major

symptoms of bacillary dysentery include diarrhea, fever,

abdominal pains, tenesmus and stool with blood or

mucus [6]. Annually, there are 165 million reported or

confirmed cases of bacillary dysentery and 1.1 million

deaths worldwide, predominantly in developing coun-

tries [7]. In mainland China, the annual morbidity and

mortality of bacillary dysentery ranked in the top ten of

39 notifiable infectious diseases from 2004 to 2014.

Bacillary dysentery can be caused by four Shigella

species: S. dysenteriae, S. flexneri, S. boydii, and S. sonnei

[8]. Shigella sonnei is the most prevalent Shigella species

in developed countries. In developing countries, S. flexneri

tends to be predominant, while S. dysenteriae and S.

boydii are comparatively rare [7]. With the overuse of

antibiotics, antimicrobial resistance has been increasing

among Shigella isolates in recent years, limiting the possi-

bilities for suitable empirical antibiotic treatments [9].

Knowledge of the disease burden and epidemiological

characteristics of bacillary dysentery is helpful for allo-

cating resources and prioritizing interventions. There-

fore, in this study, we investigated the temporal and

spatial distribution of bacillary dysentery, determined

the high-risk populations of bacillary dysentery, and

determined the predominant circulating species and

antimicrobial resistance patterns of Shigella based on

existing data sources from the National Infectious Disease

Information Reporting System (NIDRS) from 2004 to

2014 and the sentinel-based bacillary dysentery surveil-

lance system from 2005 to 2014 in China.

Methods

National surveillance for bacillary dysentery

Bacillary dysentery was added to the list of notifiable

diseases in China in 1956. From 1956 to 2003, the

number of cases and deaths by province were reported

monthly to the Chinese Center for Disease Control and

Prevention (China CDC). After 2004, the NIDRS, an

internet-based notifiable infectious disease reporting

system, was established [10]. Thereafter, all probable

and confirmed cases along with individual data were re-

ported online to the China CDC by clinicians within 24

h of diagnosis. Clinicians diagnose bacillary dysentery

cases according to the unified diagnosis criteria issued

by the Chinese Ministry of Health. A probable case of

bacillary dysentery was defined as a patient with the

following clinical features: fever, chills, abdominal pain,

tenesmus, bloody or mucus stool or stool containing

>15/high power field (HPF) leukocytes or purulent

cells, and microscopically discernible red blood cells

and phagocytic cells. A confirmed case was defined as a

patient with Shigella spp. isolated from a stool specimen

[11]. The individual data includes gender, date of birth,

address, case classification (probable or confirmed), date

of onset, and date of death (if applicable). All data used in

this study for bacillary dysentery cases reported from 1

January 2004 to 31 December 2014 in China were ac-

quired from the NIDRS.

Sentinel hospital-based bacillary dysentery surveillance

Sentinel hospital-based bacillary dysentery surveillance

was established in 2005 to monitor the predominant

circulating species and antimicrobial resistance patterns

of Shigella in China. The surveillance system consists

of 20 sentinel hospitals distributed in Beijing, Gansu,

Qinghai, Shanxi, Henan, Heilongjiang, Anhui, Fujian,

Guizhou, and Shanghai. This coverage represents vari-

ation in geographical features, economic development,

and sanitary conditions. A national surveillance proto-

col and laboratory testing assays were developed by the

China CDC and are used by all sentinel sites [12].

Specimen collection and testing

In each sentinel hospital, fecal specimens were collected

from patients with diarrhea and clinically suspected dys-

entery who had not been given daily antimicrobial treat-

ment. Fresh fecal samples were inoculated in Cary-Blair

medium (most frequently, Qingdao Hope Bio-Technology

Co., Ltd, Shandong, China) and sent to the regional CDC

laboratory within 4 h. Stool samples were streaked onto

XLD agar and SS agar and then incubated at 37 °C for

18–24 h. Colorless and transparent colonies were

screened using triple sugar iron agar and motility indole-

urea agar. Presumptive positive colonies were then con-

firmed using API 20E strips (bioMérieux, Marcy l’Etoile,

France). All confirmed isolates were serotyped using com-

mercial antisera (Denka Seiken Co. Ltd., Tokyo, Japan).

More than 300 fecal specimens were collected at

each sentinel hospital every year, among which at least

30 specimens were selected for isolation and identifi-

cation of bacteria each month in the epidemic season

(May–October) and 10 specimens in the non-epidemic

season (November–April). Sampling was designed to en-

sure that >50% of samples selected for isolation and iden-

tification of bacteria were from children.

Antimicrobial susceptibility

The ability of different Shigella isolates to resist the in-

hibitory effects of different antibiotics was tested by the

provincial CDCs. At least 30% of the confirmed Shigella

isolates, which cover different species, were selected for

antimicrobial susceptibility testing each month. Min-

imal inhibitory concentrations of the following nine

antimicrobial agents were determined using the agar
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dilution method according to the Clinical and Labora-

tory Standards Institute (CLSI) guidelines [13]. As such,

ampicillin, amoxicillin, cefotaxime, cephalothin, genta-

micin, nalidixic acid, ciprofloxacin, tetracycline, sulfa-

methoxazole. Escherichia coli (American Type Culture

Collection strain 25922) was used for quality control.

Susceptible and non-susceptible isolates were identified

according to the criteria used for enterobacteria as sug-

gested by the CLSI.

Data analysis

We included cases with illness onset reported to the

NIDRS from 1 January 2004 to 31 December 2014 in

the analysis. We not only calculated a crude incidence

rate (number of cases divided by the corresponding

population), a case-fatality rate (number of deaths di-

vided by the number of probable and confirmed cases),

and age-specific rates by sex (number of cases occur-

ring in a specific age group divided by the correspond-

ing population for each sex), but we also determined

the seasonal patterns and geographic distribution of ba-

cillary dysentery. Population data for the study period

were extracted from the National Bureau of Statistics of

China [14]. In addition, we analyzed the proportions of

Shigella spp. isolated from laboratory-confirmed cases

of bacillary dysentery and the resistance rates of Shigella

collected from sentinel hospitals during 2005–2014. The

Cochran-Armitage trend test was used to examine the

temporal trends in the annual morbidity of bacillary dys-

entery, the proportion of bacillary dysentery cases by age

groups, and the antimicrobial resistance of Shigella iso-

lates. The index Z > 0 denotes an increasing trend in the

annual morbidity of bacillary dysentery, the proportion of

bacillary dysentery cases by age groups, and the antimicro-

bial resistance of Shigella isolates, whereas Z < 0 denotes a

decreasing trend. The trend was considered to be signifi-

cant when P was < 0.05. A chi-square test was used to

examine whether the sex-specific incidence in children

younger than 5 years was significantly different between

male and female individuals, with a significance level of

α = 0.05. We conducted all analyses with SAS 9.4 (SAS

Institute Inc., Cary, USA).

We used a seasonal index to understand seasonal pat-

terns of bacillary dysentery in China. This index was

calculated by month as the average case count for the

given month divided by the average monthly case count

during the entire 11 years of surveillance from 2004 to

2014 [15]. No obvious seasonal pattern was expected if

the seasonal index of each month was close to 1.0 [15].

The incidence rate of three time periods by province

was used to demonstrate the geographic distribution of

bacillary dysentery. The three time periods (2004–2006,

2007–2009, 2010–2014) were categorized according to

the average incidence of bacillary dysentery (>30 per

100,000 person-years, 20–30 per 100,000 person-years

and <20 per 100,000 person-years) in China. The soft-

ware ArcGIS version 10.0 (ESRI, Redlands, CA, USA)

was used to describe the spatial distribution of bacillary

dysentery using a county-level polygon map.

Results

Temporal trend in incidence rate and case-fatality rate of

bacillary dysentery

The reported annual incidence and case-fatality rate of

bacillary dysentery from 2004 to 2014 according to the

NIDRS are shown in Fig. 1. During 2004–2014,

3,342,847 cases of bacillary dysentery were reported in

China with an average incidence rate of 22.89 cases per

100,000 person-years. The annual incidence rate of bacil-

lary dysentery decreased by approximately 3-fold from

38.03 cases per 100,000 person-years in 2004 to 11.24

cases per 100,000 person-years in 2014 (Z = −672.51,

P < 0.05, by Cochran-Armitage trend test). During 2004–

2014, a total of 636 deaths due to bacillary dysentery were

Fig. 1 Incidence rate and case-fatality rate of bacillary dysentery in China, 2004–2014
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reported, and the case-fatality rate of bacillary dysentery

decreased from 0.028% in 2004 to 0.0026% in 2014.

Demographic features

The incidence rate of bacillary dysentery varied greatly

according to age groups, with the highest rate being

228.59 cases per 100,000 person-years observed in chil-

dren <1 years of age, followed by an average incidence

rate of 92.58 cases per 100,000 person-years in children

1–4 years of age. Cases identified in children <5 years

of age accounted for 31.47% of the total number of

cases reported from 2004 to 2014. The data showed a

male predominance in most age groups, with an overall

male-to-female ratio of 1.31:1. Male predominance was

most obvious within children <5 years of age, and the

incidence of bacillary dysentery was 1.54 times higher

in boys younger than 5 years than in girls of the same

age (146.89 vs 93.46 cases per 100,000 person-years, χ2

= 46272.89, P <0.05) (Fig. 2a). The proportion of bacil-

lary dysentery cases that were identified in individuals

<5 years of age or ≥60 years of age increased from 2004

to 2014 (<5 years of age: 27.85–33.77%, Cochran-

Armitage trend test: Z = 77.76, P < 0.05; ≥60 years of

age: 10.20–16.43%, Cochran-Armitage trend test: Z =

108.87, P < 0.05). In contrast, the proportion of cases

identified in individuals 5–19 years of age decreased

from 22.27% in 2004 to 11.73% in 2014 (Z = −175.18, P

< 0.05, by Cochran-Armitage trend test) (Fig. 2b).

Seasonal distribution

In China during 2004–2014, bacillary dysentery pre-

sented obvious seasonal characteristic (Fig. 3a, b). The

majority of bacillary dysentery cases occurred from June

to September, during which 57.60% of cases were re-

ported. The seasonal index was highest in August (1.80)

when the average monthly incidence rate was 41.97 per

100,000 person-years.

Geographical distribution

Despite an overall decrease in incidence rate over the

time period of the study, northwest China (Tibet,

Xinjiang, Gansu, and Ningxia), Beijing, and Tianjin

consistently had the highest incidence rates of bacillary

dysentery from 2004 to 2014. Southeast China (Jiangsu,

Shanghai, Fujian, Guangdong, and Hainan), northeast

China (Jilin, Heilongjiang), and Inner Mongolia had

relatively lower incidence rates of bacillary dysentery.

The number of provinces with an incidence rate >60

per 100,000 person-years reduced from eight (Beijing,

Ningxia, Tianjin, Tibet, Gansu, Xinjiang, Shannxi, and

Guizhou) in 2004–2006 to two (Beijing and Tianjin) in

2010–2014. The number of provinces with an incidence

rate <20 per 100,000 person-years progressively increased

from five (Hainan, Inner Mongolia, Hunan, Guangdong,

and Fujian) in 2004–2006 to 14 in 2007–2009 and to 21

in 2010–2014 (Fig. 4).

Distribution of Shigella species that cause bacillary

dysentery

From 2005 to 2014, a total of 70,802 samples were col-

lected and tested for the presence of Shigella bacteria in

sentinel hospitals. From all tested samples, a total of

6278 Shigella isolates (8.87%) were isolated. Of these, S.

flexneri was the most prevalent (4009 isolates, 63.86%),

followed by S. sonnei (2191 isolates, 34.89%). Shigella

dysenteriae (38 isolates) and S. boydii (40 isolates) were

relatively uncommon (only present in 2005, 2006, 2007

and 2011) and accounted for only 0.61 and 0.63% of the

isolates, respectively (Fig. 5a).

Figure 5b shows the geographical distribution of Shigella

species determined by serotyping isolates obtained from

patients with diarrhea and clinically suspected dysentery

during 2005–2014. Shigella flexneri was the most preva-

lent in central and northern China except for in Beijing; S.

sonnei was the most prevalent in eastern and southern

China (Shanghai, Guizhou and Fujian).

Antimicrobial resistance of Shigella isolates

The resistance rates of Shigella during the study period

are shown in Table 1. Isolates had highest resistance

Fig. 2 Age and sex distribution of bacillary dysentery in China,

2004–2014. a The average annual incidence of bacillary dysentery

by age and sex was calculated by dividing the total number of

cases occurring in a specific age group during 2004–2014 by the

corresponding population and multiplying by 100,000. b The

proportion of bacillary dysentery cases by age groups
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against nalidixic acid (89.13% of tested isolates resistant),

followed by ampicillin (88.90%), tetracycline (88.43%),

and sulfamethoxazole (82.92%). The proportion of iso-

lates resistant to nalidixic acid, ampicillin, tetracycline,

or sulfamethoxazole was consistently high during 2005–

2014 (Fig. 6a). Furthermore, the percentage of isolates

resistant to ciprofloxacin and cefotaxime increased from

8.53 and 7.87% in 2005 to 44.65 and 29.94% in 2014 (Z

= 18.31 and 10.22, P < 0.01, by Cochran-Armitage trend

test), respectively (Fig. 6b).

Discussion

This study explored the morbidity, mortality, sex-specific

annual incidence, and geographic and temporal distribu-

tion of bacillary dysentery in China using the surveillance

dataset from the NIDRS during 2004–2014. In addition,

the dominant Shigella species that cause bacillary dysen-

tery along with their resistance to common antimicrobial

drugs were analyzed using samples collected at sentinel

hospitals during 2005–2014.

The incidence rate of bacillary dysentery during

2004–2014 in China showed an overall decline. The

lowest rate (11.24 per 100,000 person-years) was ob-

served in 2014, which was less than one third of the in-

cidence rate in 2004 (38.03 per 100,000 person-years).

A number of factors may have contributed to the

observed decline, including rapid economic develop-

ment, improvement of water supply systems, improved

sanitary facilities, and a rising awareness of the import-

ance of sanitation [16]. However, the number of cases

as well as the incidence rate of bacillary dysentery in

China remains higher than that in many developed

countries, such as the USA, Australia, England and

France, where the incidence of bacillary dysentery re-

ported was 1.8–6.5 cases per 100,000 person-years [7].

Some regions in northwest China (including Tibet,

Xinjiang, Gansu, Qinghai, and Ningxia) and in northern

China (including Beijing and Tianjin) consistently

showed higher morbidity than other regions in China

during the study period. The high incidence rates of

bacillary dysentery in Tibet, Xinjiang, Qinghai, Gansu,

Fig. 3 Seasonal distribution of bacillary dysentery cases in China, 2004–2014. a The frequency distribution of bacillary dysentery cases by month

of illness onset. b The seasonal index of bacillary dysentery. The seasonal index was calculated by month as the average case count for a given

month divided by the average monthly case count during the entire 11-year time period, 2004–2014. No obvious seasonal pattern was expected

if the seasonal index of each month was close to 1.0
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and Ningxia are consistent with their relatively low

Gross Domestic Product [14]. These results indicate

that economic development, which is tightly associated

with the condition and accessibility of health facilities

and healthcare resources, is potentially one of the

major factors determining the occurrence of bacillary

dysentery [17]. The high incidence rate observed in

Beijing and Tianjin could potentially be explained by

the high population density and good case ascertain-

ment rates in these two regions [18]. These two regions

are also known for having a large transient population

who mostly live in suburban areas without proper sani-

tation and access to clean water [19].

In this study, bacillary dysentery was observed in all

age groups, but individuals <5 years of age and individ-

uals ≥60 years of age had higher incidence rates of ba-

cillary dysentery in China. Unlike in other countries,

the highest incidence rate was observed in infants <1

year of age [7, 20–23]. The finding suggests that add-

itional studies are needed to statistically or mechanis-

tically characterize risk factors of bacillary dysentery

associated with breastfeeding infants in China. Children

<5 years of age are likely susceptible to bacillary dysen-

tery because of low immune function, lack of previous ex-

posure, and a higher chance of exposure to a Shigella-

contaminated environment through play-related activities

[24, 25]. The difference in incidence between male and fe-

male individuals, especially those <5 years of age may be

because male individuals are generally more active than

female individuals, and thus have more opportunities to

be exposed to environments containing bacteria [19].

Over the study period, we also observed a decrease in the

proportion of bacillary dysentery cases identified in indi-

viduals 5–19 years of age and a corresponding increase in

Fig. 4 Spatial patterns of bacillary dysentery morbidity in China, 2004–2014. a Average incidence by province, 2004–2014. b–d Average incidence

by province for three time periods (2004–2006 [b], 2007–2009 [c], and 2010–2014 [d]). Average incidence by province for different time periods

was calculated by dividing the total number of cases in each time period by the corresponding population and multiplying by 100,000
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the proportion of cases in individuals ≥60 years of age.

Such a shift in relative age-specific risk may be because

the majority of individuals 5–19 years of age are school

students. In the past decades, schools have strength-

ened preventive measures against bacillary dysentery

by providing safe drinking water, safe food, and health

education. All together, our findings suggest that pre-

ventive interventions to control bacillary dysentery

should emphasize protection for individuals <5 years

of age and individuals ≥60 years of age. Within each

year, incidence rates of bacillary dysentery generally

peaked between June and September. Previous studies

have demonstrated that temperature plays an import-

ant role in the seasonal fluctuation of the incidence of

bacillary dysentery as variation in temperature can im-

pact the survival and reproduction of Shigella bacteria

[26–31].

Fig. 5 Proportion of Shigella spp. isolated in laboratory-confirmed cases of bacillary dysentery by year and province in sentinel hospitals, 2005–2014.

a The temporal distribution of the proportion by Shigella spp. b The geographical distribution of the proportion by Shigella spp.

Table 1 Antimicrobial resistance of Shigella isolates obtained in

sentinel hospitals in China, 2005–2014

Antibiotic Number of isolates
tested

Percentage of resistant
isolates (%)

Nalidixic acid 4178 89.13

Ampicillin 4335 88.90

Tetracycline 4247 88.43

Sulfamethoxazole 4223 82.92

Amoxicillin 4060 53.17

Cephalothin 3952 34.82

Gentamicin 4254 34.28

Ciprofloxacin 3583 22.10

Cefotaxime 4247 19.10
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The distribution of species and serotypes of Shigella is

dynamic over time and place. Based on our findings, the

species distribution of Shigella in China was similar to

that of other developing countries such as Bangladesh,

Peru, and India [32–34]. Nonetheless, the distribution of

Shigella species varied among different regions in China.

Similar to developed countries, S. sonnei was the domin-

ant species observed in Beijing, Shanghai, Guizhou, and

Fujian. Beijing and Shanghai have undergone rapid

economic development in recent years and represent the

most developed regions in China. Interestingly, the

dominant Shigella species in Beijing before 2006 was S.

flexneri [35]. The transition of the predominant Shigella

species from S. flexneri to S.sonnei was also observed in

other fast-developing countries such as Thailand, Brazil,

and Turkey, which suggests that regional socioeconomic

development might predict the distribution of Shigella

species. However, Guizhou and Fujian are located in

southern China and have different meteorological condi-

tions with high relative humidity and temperature [36].

Effective antimicrobial therapy of bacillary dysentery

can significantly relieve symptoms and shorten both the

duration of infection and the excretion time of bacteria

[37]. In recent years, antimicrobial resistant Shigella

strains have been commonly identified, threatening and

complicating effective treatment of bacillary dysentery.

Our study shows that Shigella isolated in China tend to

have a higher resistance to nalidixic acid, ampicillin,

tetracycline, and sulfamethoxazole than that found in

many other countries [38, 39]. These antibiotics were

previously used as first-line treatments and are still

commonly prescribed to treat bacillary dysentery. From

2005 to 2014, there was also a gradual increase in the

prevalence of Shigella bacteria resistant to cefotaxime

and ciprofloxacin, which have become the first-line

agents for treating bacillary dysentery in adults. Such

increase in ciprofloxacin-resistant Shigella bacteria have

also been observed in the United States [40, 41]. If

introduced to populations in nursing homes or child-

care settings, Shigella bacteria may spread rapidly and

cause large protracted outbreaks. The fact that patterns

of antimicrobial resistance of Shigella bacteria are

continuously changing underscores the importance of

continuous monitoring of antimicrobial susceptibility of

Shigella bacteria and emphasizes how antimicrobial

treatment of bacillary dysentery should be carried out

according to antimicrobial susceptibility data.

This study has several limitations. First, most cases of

bacillary dysentery with mild symptoms can be cured by

oral antibiotics. Therefore, under-reporting may have oc-

curred. Second, differences in health care seeking behav-

iours and access to health care may exist across different

provinces, which may result in information bias. Third,

this study is an analysis on routine surveillance data, and

we were unable to collect detailed data of different Shi-

gella species to examine the differences between them in

terms of epidemic characteristics, clinical symptoms, and

antimicrobial resistance.

Conclusions

Bacillary dysentery has a considerable and continuing

disease burden in China. However, the incidence rate of

bacillary dysentery has been decreasing, presumably

due to socioeconomic development, implementation of

sanitation facilities, and health education. Children <5

years of age, particularly infants <1 year of age, have a

higher incidence rate of bacillary dysentery than indi-

viduals in other age groups. Different regions in China

differ in their peak incidence time. The incidence rate

of bacillary dysentery remains high in northwest China.

Corresponding to an extensive use of antimicrobial

drugs, the proportion of antimicrobial-resistant Shigella

bacteria is increasing, threatening effective treatment of

bacillary dysentery. Priority interventions should be de-

livered to populations in northwest China and individ-

uals <5 years of age. Effective treatment of bacillary

Fig. 6 Proportion of Shigella isolates resistant to different antimicrobial drugs in China, 2005–2014. a Proportion of Shigella isolates resistant to

nalidixic acid, ampicillin, tetracycline, sulfamethoxazole, and amoxicillin. b Proportion of Shigella isolates resistant to Cephalothin, Gentamicin,

Ciprofloxacin, and Cefotaxime. The proportion was calculated by dividing the number of isolates resistant to each antibiotic by all tested isolates
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dysentery must be guided by continuous monitoring of

antibiotic resistance patterns.
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