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Abstract

Shigellosis is an increasing cause of gastroenteritis in Australia, with prolonged outbreaks

reported in remote Aboriginal and Torres Strait Islander (hereafter “First Nations”) communi-

ties and among men who have sex with men (MSM) in major cities. To determine associa-

tions between Shigella species and demographic and geographic factors, we used

multivariate negative binomial regression to analyse national case notifications of shigellosis

from 2001 to 2019.

Between 2001 and 2019, Australian states and territories reported 18,363 shigellosis

cases to the National Notifiable Diseases Surveillance System (NNDSS), of which age, sex

and organism information were available for >99% (18,327/18,363) of cases. Of the cases

included in our analysis, 42% (7,649/18,327) were S. sonnei, 29% (5,267/18,327) were S.

flexneri, 1% (214/18,327) were S. boydii, less than 1% (87/18,327) were S. dysenteriae, and

species information was unknown for 28% (5,110/18,327) of cases. Males accounted for

54% (9,843/18,327) of cases, and the highest proportion of cases were in children aged 0–4

years (19%; 3,562/18,327). Crude annual notification rates ranged from 2.2 cases per

100,000 in 2003 and 2011 to 12.4 cases per 100,000 in 2019. Nationally, notification rates

increased from 2001 to 2019 with yearly notification rate ratios of 1.04 (95% CI 1.02–1.07)

for S. boydii and 1.05 (95% CI 1.04–1.06) for S. sonnei. Children aged 0–4 years had the

highest burden of infection for S. flexneri, S. sonnei and S. boydii; and males had a higher

notification rate for S. sonnei (notification rate ratio 1.24, 95% CI 1.15–1.33). First Nations

Australians were disproportionately affected by shigellosis, with the notification rate in this

population peaking in 2018 at 92.1 cases per 100,000 population. Over the study period, we

also observed a shift in the testing method used to diagnose shigellosis, with culture inde-

pendent diagnostic testing (CIDT) increasing from 2014; this also coincided with an increase

in notifications of untyped Shigella. This change in testing methodology may have contrib-

uted to the observed increase in shigellosis notifications since 2014, with CIDT being more

sensitive than culture dependent testing methods.
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The findings of this study provide important insights into the epidemiological characteris-

tics of shigellosis in Australia, including identification of high-risk groups. This can be used to

inform public health prevention and control strategies, such as targeted communication pro-

grams in First Nations communities and places with high levels of interaction between

young children, such as childcare centres. Our study findings also highlight the implications

of culture independent testing on shigellosis surveillance, particularly a reduction in the

availability of species level information. This emphasises the continued importance of cul-

ture dependant testing for national surveillance of shigellosis.

Author summary

Shigella spp. causes gastroenteritis and is responsible for significant morbidity and mortal-

ity worldwide. In Australia, largescale shigellosis outbreaks have been reported in First

Nations communities and among men who have sex with men in recent years. We under-

took an analysis of the trends in shigellosis cases in Australia over a 19-year period to

understand the epidemiology of the disease, including which population groups were pri-

marily impacted, and when and where cases were occurring. We also analysed trends in

the diagnostic methods used to detect shigellosis over time, to determine whether chang-

ing detection methods had any impact on the surveillance of shigellosis cases at the

national level. We found that notification rates of two species of Shigella, i.e. S. boydii and

S. sonnei, significantly increased over the study period; the highest notification rate of

shigellosis was in young children; and that First Nations Australians were disproportion-

ately impacted by shigellosis. We also observed a shift in the testing methods used to diag-

nose shigellosis, with culture independent methods increasing from 2014. Our findings

will assist in targeting prevention and control interventions to the most impacted groups

and highlight the continued importance of culture dependant testing for national surveil-

lance of shigellosis.

Introduction

Shigellosis is caused by gram-negative Shigella spp. bacteria, which is primarily transmitted

through the faecal-oral route by direct or indirect contact with faecal matter [1]. There are

four species of Shigella bacteria, characterised by their O antigen type and biochemical proper-

ties: S. dysenteriae, S. flexneri, S. boydii and S. sonnei [2]. Shigellosis outbreaks have been asso-

ciated with consumption of contaminated food and water; contact with an infected person,

particularly in settings with poor hygiene, through sexual contact, or in substandard and

crowded living conditions; and recreational contact with contaminated water supplies [3,4].

The spread of Shigella can also occur via flies, which act as a mechanical vector for the organ-

ism, however this mode of transmission has not been widely reported in Australia [5,6]. Shi-
gella have a low infectious dose between 10 to 100 organisms, and the clinical presentations of

infection can vary from mild watery diarrhoea to severe dysentery (bloody diarrhoea) com-

pounded by systemic complications such as electrolyte imbalance, seizures, fever, nausea and

haemolytic uraemic syndrome [7]. While shigellosis is often a self-limiting disease, treatment

with antibiotics may shorten the duration of the illness and prevent prolonged bacterial shed-

ding, and is recommended for those with severe disease or who are immunocompromised

[8,9]. As per Australian guidelines, treatment is also recommended to reduce transmission in
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key risk groups, including children under the age of six years, healthcare workers, and people

living or working in residential aged-care facilities, prisons, and other residential facilities [10].

Globally, Shigella species are a leading cause of diarrhoeal mortality, causing an estimated

200,000 deaths in 2016. [11]. The greatest burden of shigellosis is in young children in low-

and middle-income countries, where access to good nutrition, clean water, adequate sanitation

and healthcare is limited [12]. In contrast, the highest rates of shigellosis in high-income coun-

tries typically occur through person-to-person contact in crowded communities and childcare

centres, in travellers returning from overseas or in MSM [9,13]. Increasing transmission of Shi-
gella among MSM, particularly antimicrobial resistant strains, have been reported in several

high-income countries, including the United States, Canada, Germany and the United King-

dom [14–17]. The most commonly reported species in high-income countries is S. sonnei,
with this species accounting for over 80% of shigellosis infections in the United States and

Israel, and over 50% of infections in the United Kingdom [18–20]. Australian national surveil-

lance for shigellosis show a gradual increase in shigellosis case numbers until 2019, when it

more than doubled compared to the 5-year rolling mean [21]. Outbreaks have also been

reported in First Nations communities in central Australia and among MSM [22,23].

Stool culture resulting in the isolation of Shigella remains the gold-standard method for

obtaining a definitive laboratory diagnosis of shigellosis. However, since 2013 there has been

an increasing uptake of culture independent diagnostic testing (CIDT) methods such as multi-

plex polymerase chain reaction (PCR) tests [24]. This change in testing practices has implica-

tions for public health surveillance of a wide range of enteric pathogens, including Shigella.

Currently, PCR assays for detecting Shigella target the invasion plasmid antigen H (ipaH)
gene, which is also common to entero-invasive Escherichia coli (EIEC) [25]. This means that

such tests are unable to differentiate between these two organisms, which are closely related

and genetically constitute the same species, but typically manifest different symptoms, with

EIEC being milder [26]. Furthermore, Shigella can only be identified to the species and biotype

level if an isolate is cultured. Therefore, while PCR testing to detect Shigella is more sensitive

than traditional bacterial culture methods, the ability to obtain more detailed information,

such as antimicrobial susceptibility and epidemiological typing, is compromised. The increas-

ing uptake of CIDT is likely to have implications on the number, accuracy and completeness

(with respect to species/biotype data) of surveillance for shigellosis.

Despite Shigella being an increasing cause of gastroenteritis in Australia, there is very lim-

ited published research on the epidemiology of Shigella at a national level over a longer time

frame. In this study, we describe trends in notifications of shigellosis from 2001 to 2019 to

understand demographic and geographic factors, including sex, age group, Indigenous status

and Australian states and territories. Additionally, we evaluate the impact of CIDT on national

surveillance of shigellosis.

Methods

Ethics statement

We obtained ethical approval for this study from the Australian National University Human

Research Ethics Committee [protocol 2018/560] and the ACT Health Human Research Ethics

Committee’s Low Risk Sub-Committee [2018/ETH/00158]. No participants were recruited for

this study and all data used was previously collected during public health investigations. Given

that de-identified data was collected, representing infections occurring many years ago, it was

not be feasible to seek individual consent, nor to inform participants about the use of data in

this study.
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We analysed shigellosis case notifications made to the National Notifiable Diseases Surveil-

lance System (NNDSS) from 2001 to 2019 by all Australian states and territories. Australia is

comprised of eight jurisdictions: New South Wales (NSW), Queensland (QLD), South Austra-

lia (SA), Tasmania (TAS), Victoria (VIC) and Western Australia (WA); and two territories:

the Australian Capital Territory (ACT) and Northern Territory (NT).

Data sources

Shigellosis is a nationally notifiable disease in Australia, and states and territories report all

confirmed and probable cases to the Australian Government Department of Health through

the NNDSS. The national case definition requires that a confirmed case of shigellosis has Shi-
gella species isolated; or that Shigella is detected by nucleic acid testing in combination with

epidemiological evidence [27]. The addition of ‘probable’ cases in the surveillance case defini-

tion, i.e. detection of Shigella by nucleic acid testing only, was implemented from 1 July 2018;

prior to this, only confirmed cases were required to be notified. In this study, we did not

include ‘probable’ cases. However, it should be noted, prior to the implementation of the new

case definition in July 2018, testing and notification practices varied by jurisdiction. The old

shigellosis case definition defined laboratory definitive evidence as ‘isolation or detection of Shi-
gella species’. Based on this, most states interpreted a PCR positive result as not a detection and

waited for a positive result from reflex culture before making a notification. However, a few

states sent all these case notifications to the NNDSS marked as ‘probable’, which were recorded

by the NNDSS system as a ‘confirmed’ case. This primarily occurred from late 2017 until the

implementation of the new case definition in mid- 2018. As not all these ‘probable’ cases can

be identified in the NNDSS dataset, they were not excluded from this study. In addition to dif-

ferences in the application of the case definition, the testing methodologies used to detect Shi-
gella also varied by jurisdiction and were implemented inconsistently between states and

territories over time.

New South Wales–Australia’s most populous state–was the last Australian jurisdiction to

make shigellosis reportable, which occurred in 2001. Therefore, we included de-identified data

on all confirmed shigellosis case notifications reported to the NNDSS from 2001 to 2019 with

the following variables: state; sex; 5 year age-group; month and year of diagnosis; country of

acquisition; organism; biotype/subtype; Indigenous status and laboratory diagnosis method.

NNDSS data were provided by the Office of Health Protection, Department of Health, on

behalf of the Communicable Diseases Network Australia. The month and year of diagnosis

was calculated from the diagnosis date: a derived field representing the onset date of the illness

or the earliest of the specimen collection date, the date of report, or the date of receipt at the

state or territory health authority. The data fields in the laboratory diagnosis method variable

were consolidated into the following categories depending on whether culture and nucleic

acid testing were reported: PCR; culture; PCR and culture; unknown (including blanks); and

other (any fields with values that did not include culture, PCR or unknown).

Analysis

The primary aim of the analysis was to examine the trend in notification rates of shigellosis

over time. Cases where sex, age-group and organism were unknown were excluded from the

analysis. We calculated rates of illness per 100,000 population using mid-year residential popu-

lation estimates from the Australian Bureau of Statistics (ABS) for the years 2001 to 2019.

We used a multivariate negative binomial regression model to estimate notification rate

ratios (NRR) by sex, age and state and territory, with significance defined as a p-value of less

than 0.05. An interaction term was included in the model to analyse the trend over time for
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each state and territory, with diagnosis date included as a continuous variable. As NSW is the

most populous Australian jurisdiction, we applied it as the reference group for the jurisdic-

tional analysis in the model. Due to low (<5) or no cases of S. dysenteriae in ACT, NT and

TAS, these states were removed from the regression model for S. dysenteriae. StataCorp Stata

15 and Microsoft Excel 2016 were used for analysis.

Results

Between 2001 and 2019, Australian states and territories reported 18,363 shigellosis cases to

the NNDSS, of which age, sex and organism information were available for>99% (18,327/

18,363) of cases. Of the cases included in the analysis, 42% (7,649/18,327) were S. sonnei, 29%

(5,267/18,327) were S. flexneri, 1% (214/18,327) were S. boydii, and less than 1% (87/18,327)

were S. dysenteriae (Table 1). Species information was unknown for 28% (5,110/18,327) of

cases, with 79% (4,024/5,110) of these unknown species occurring in the years 2016–2019.

Table 1. Shigellosis notifications and population size by age group, sex and jurisdiction, Australia, 2001–2019 (Note: Excludes cases for whom sex, age and organism
were unknown. Population sizes are the ABS mid-year estimated residential populations for 2019).

S. flexneri S. sonnei S. dysenteriae S. boydii Shigella untyped Population size

Age groups

0–4 1,349 1,250 6 36 921 1,568,012

5–9 449 491 4 12 307 1,618,281

10–14 183 207 4 5 163 1,555,558

15–19 199 215 7 8 182 1,498,871

20–24 369 502 9 10 418 1,749,579

25–29 414 812 8 22 495 1,906,651

30–34 407 814 9 17 421 1,892,645

35–39 377 694 8 16 365 1,782,081

40–44 316 601 6 16 299 1,595,917

45–49 296 546 5 17 274 1,679,382

50–54 255 506 8 13 277 1,535,463

55–59 208 382 4 13 296 1,547,756

60–64 164 238 3 15 228 1,391,597

65–69 114 207 3 7 202 1,227,169

70–74 78 96 0 3 132 1,057,980

75–79 46 49 1 1 72 734,222

80–84 26 19 1 0 30 505,017

85+ 17 20 1 3 28 514,905

Jurisdiction

ACT 27 77 0 1 60 426,285

NSW 717 1,925 28 77 1,008 8,087,379

NT 1,541 877 0 4 723 246,143

QLD 612 1,466 17 22 779 5,093,884

SA 471 461 5 19 399 1,752,681

TAS 29 40 1 1 57 534,575

VIC 783 1,759 21 67 1,743 6,596,880

WA 1,087 1,044 15 23 341 2,623,259

Sex

Female 2,577 3,165 43 98 2,601 12,784,211

Male 2,690 4,484 44 116 2,509 12,576,875

https://doi.org/10.1371/journal.pntd.0010450.t001
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Nationally, crude annual notification rates ranged from 2.2 cases per 100,000 in 2003 and

2011 to 12.4 cases per 100,000 in 2019 (Fig 1). Rates remained relatively stable between 2001

and 2013, while from 2013 to 2019 there was a greater than five-fold increase in the overall

crude notification rate of shigellosis in Australia. The regression model for S. flexneri did not

fit the data well, which is likely due to outbreaks occurring in the latter years of surveillance in

specific states. The results of the regression model for S. flexneri are available in the supple-

mentary material (S2 Fig and S1 Table). Nationally, notification rates increased from 2001 to

2019 for S. boydii and S. sonnei with yearly notification rate ratios of 1.04 (95% CI 1.02–1.07)

and 1.05 (95% CI 1.04–1.06), respectively (Fig 2). The NRR for S. dysenteriae indicated there

was an increase in notification rates between 2001 and 2019, although there was less precision

around the interval estimate (NRR 1.01; 95% CI 0.97–1.05).

Males accounted for 54% (9,843/18,327) of cases. Over the 19-year period, the overall crude

notification rate of shigellosis was higher in males than females in the eastern states (ACT,

NSW, QLD, and VIC); while the western states and territories experienced higher rates in

females (S1 Fig). In the state and territory regression model, there was a significantly higher

notification rate in males than females for S. sonnei (NRR 1.24; 95% CI 1.15–1.33); while there

was no significant difference between the sexes for the other species (Table 2). For S. sonnei,
the crude notification rate among males was notably higher than the rate in females for those

aged 30 to 64 years, while in all other age groups the rate was similar for both sexes (Fig 3).

Nationally, the highest proportion of shigellosis notifications occurred in children aged 0–4

years (19%; 3,562/18,327). By species, notification rates of S. boydii, S. flexneri and S. sonnei
were highest in children aged 0–4 years (Fig 3). The highest rate of cases for S. dysenteriae
occurred in those aged 20–24 years, however this was not significantly different from the 0–4

year age reference group (NRR 1.40; 95% CI 0.49–3.98). Comparing the two most prevalent

species, in those aged 25–59 years, the notification rate of S. sonnei was significantly higher

than S. flexneri, while there was no significant difference in the notification rate of these two

species in the other age groups (S3 Fig).

Notification rates varied by jurisdiction, with the NT having considerably higher rates than

other states and territories. In 2019, the rate of shigellosis in the NT was 120.3 cases per

Fig 1. Crude notification rate of shigellosis per 100,000 population, Australia, 2001–2019.

https://doi.org/10.1371/journal.pntd.0010450.g001
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100,000 population; nearly 10 times the overall national notification rate (12.4 cases per

100,000 population) (S4 Fig). After the NT, in 2019, notification rates were highest in WA

(14.8 cases per 100,000 population), followed by QLD (12.0 cases per 100,000 population). At

the start of the period, notification rates of S. sonnei were significantly higher in the states and

territories in the west of Australia, that is NT (NRR 25.31; 95% CI 19.85–32.27), WA (NRR

2.87; 95% CI 2.26–3.63) and SA (NRR 2.26; 95% CI 1.73–2.96), compared to the south eastern

continental states and territories. The notification rate of this species in TAS was significantly

lower than the other jurisdictions (NRR 0.45; 95% CI 0.23–0.88). For S. dysenteriae and S. boy-
dii, there was considerable uncertainty in the results due to low case numbers, making it diffi-

cult to conclude there was a difference in the notification rate between states and territories

(Fig 4). The NT, SA and VIC all had higher rates of S. boydii, although there was considerable

imprecision in the NRR.

Looking at trends over time, from 2001 to 2019, notification rates of S. sonnei significantly

increased in NSW, QLD and VIC (Table 2). NSW also experienced a significant increase in S.

boydii, with an NRR of 1.07 (95% CI 1.03–1.12), although results were imprecise. There was no

significant change in the notification rates of S. dysenteriae for any state or territory over the

19 year period (Table 2). Regression lines plotted against the crude notification rates for indi-

vidual states and territories are available in S5 Fig.

Indigenous status was available for 85% (15,529/18,327) of cases included in the analysis.

There were higher rates of shigellosis among First Nations Australians when compared to the

non-Indigenous population (Fig 5). Between 2016 and 2018 there was a greater than 3-fold

increase in the notification rate in First Nations Australians, peaking at 92.1 cases per 100,000

in 2018.

Information on laboratory diagnostic method was available for 87% of cases (16,004/

18,327). Between 2001 and 2013, most nationally notified cases of shigellosis were reported to

be diagnosed using culture only, peaking at 95% (786/829) of cases in 2008. From 2014 to 2019

Fig 2. Crude notification rates (dots) and negative binomial regression margins plots (lines with 95% CI) of S.

boydii, S. sonnei and S. dysenteriae, Australia 2001–2019^. (Note the differing scale of the y-axis for S. boydii and S.

dysenteriae, compared to S. sonnei).

https://doi.org/10.1371/journal.pntd.0010450.g002
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there was a decrease in the proportion of cases diagnosed via culture methods, ranging from

54% (554/1,033) in 2014 to 27% (835/3,142) in 2019, due to increasing use of CIDT methods.

This led to increased reporting of untyped Shigella, with>63-fold increase in cases of untyped

Shigella from 2013 (n = 30) to 2019 (n = 1,902). At a jurisdictional level, all states and territo-

ries experienced a dramatic increase in untyped Shigella in the past few years S6 Fig).

Country of acquisition data was available for 53% (9,782/18,327) of cases. Due to the poor

completeness of this field, no further analysis was undertaken using this variable.

Table 2. Notification rate ratios estimated using negative binomial regression of S. sonnei, S. dysenteriae and S.

boydii by gender, age, state and time, 2001–2019.

S. sonnei S. dysenteriae S. boydii
NRR (95% CI) NRR (95% CI) NRR (95% CI)

Age groups (reference 0–4)

5–9 0.36 (0.30–0.42) 0.68 (0.19–2.43) 0.34 (0.17–0.65)

10–14 0.15 (0.12–0.18) 0.68 (0.19–2.43) 0.14 (0.06–0.36)

15–19 0.15 (0.12–0.18) 1.18 (0.39–3.55) 0.22 (0.10–0.48)

20–24 0.31 (0.26–0.37) 1.40 (0.49–3.98) 0.25 (0.13–0.51)

25–29 0.45 (0.38–0.53) 1.20 (0.41–3.50) 0.54 (0.32–0.91)

30–34 0.44 (0.37–0.52) 1.33 (0.47–3.80) 0.42 (0.23–0.74)

35–39 0.38 (0.32–0.45) 1.22 (0.42–3.58) 0.41 (0.23–0.73)

40–44 0.34 (0.29–0.41) 0.92 (0.29–2.90) 0.41 (0.23–0.74)

45–49 0.31 (0.26–0.37) 0.78 (0.24–2.61) 0.45 (0.25–0.79)

50–54 0.32 (0.27–0.38) 1.33 (0.45–3.88) 0.36 (0.19–0.68)

55–59 0.27 (0.23–0.33) 0.72 (0.20–2.60) 0.39 (0.21–0.74)

60–64 0.21 (0.17–0.26) 0.63 (0.16–2.55) 0.52 (0.28–0.95)

65–69 0.22 (0.18–0.27) 0.76 (0.19–3.07) 0.29 (0.13–0.65)

70–74 0.13 (0.10–0.16) N/A 0.15 (0.05–0.50)

75–79 0.09 (0.06–0.12) 0.41 (0.05–3.42) 0.07 (0.01–0.49)

80–84 0.05 (0.03–0.08) 0.56 (0.07–4.73) N/A

85+ 0.05 (0.03–0.09) 0.62 (0.07–5.19) 0.30 (0.09–0.98)

Jurisdiction (reference = NSW)

ACT 0.92 (0.53–1.58) N/A 0.20 (0.00–34.21)

NT 25.31 (19.85–32.27) N/A 2.40 (0.27–21.29)

QLD 0.85 (0.67–1.09) 1.25 (0.36–4.31) 0.42 (0.13–1.39)

SA 2.26 (1.73–2.96) 1.62 (0.30–8.89) 2.80 (1.03–7.62)

TAS 0.45 (0.23–0.88) N/A 0.21 (0.00–20.35)

VIC 0.99 (0.78–1.24) 1.47 (0.47–4.56) 2.01 (0.96–4.21)

WA 2.87 (2.26–3.63) 0.96 (0.22–4.22) 0.97 (0.31–3.05)

Trend over time by state and territory (2001–2019)

ACT 1.04 (1.00–1.09) N/A 1.09 (0.74–1.62)

NSW 1.06 (1.05–1.08) 1.02 (0.95–1.09) 1.07 (1.03–1.12)

NT 0.98 (0.96–1.00) N/A 1.03 (0.86–1.24)

QLD 1.10 (1.08–1.11) 1.00 (0.91–1.09) 1.08 (0.99–1.17)

SA 0.99 (0.97–1.01) 0.94 (0.80–1.11) 0.98 (0.90–1.06)

TAS 1.03 (0.97–1.09) N/A 1.07 (0.73–1.55)

VIC 1.08 (1.06–1.10) 0.97 (0.90–1.06) 1.02 (0.97–1.06)

WA 1.01 (0.99–1.02) 1.07 (0.97–1.19) 1.07 (0.98–1.16)

Sex (reference = female)

Male 1.24 (1.15–1.33) 1.03 (0.67–1.58) 1.18 (0.90–1.55)

https://doi.org/10.1371/journal.pntd.0010450.t002
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Discussion

Notification rates of shigellosis have increased considerably in Australia over the past 19 years

(2001–2019), particularly since the introduction of CIDT. The reported rate of all species

increased over the time period, except for S. dysenteriae. The most common species in Austra-

lia was S. sonnei (42% all cases), followed by S. flexneri (29% of cases), consistent with the

reported global burden of shigellosis [12]. While S. flexneri is traditionally linked to low and

middle income countries and S. sonnei to high income countries, in recent years the expansion

of S. sonnei has been documented in many economically transitional regions in Asia, Latin

Fig 3. Crude notification rate of shigellosis per 100,000 population, by sex and age, Australia, 2001–2019.

https://doi.org/10.1371/journal.pntd.0010450.g003

Fig 4. Negative binomial regression margins plot of S. flexneri, S. sonnei, S. dysenteriae and S. boydii predicted

notification rates by state and territory, Australia 2001–2019.

https://doi.org/10.1371/journal.pntd.0010450.g004
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America and the Middle East [28]. Globally, data on the epidemiology of S. boydii is limited,

with this species being predominantly endemic in the Indian Subcontinent [29]. Notification

rates of S. dysenteriae in Australia were very low compared to S. sonnei and S. flexneri, with S.

dysenteriae rarely being isolated in current surveillance globally [12]. S. dysenteriae serotype 1,

which is the only Shigella species and serotype that expresses the Shiga toxin gene, has high

epidemic potential and has been identified as a cause of several large scale outbreaks of dysen-

tery, particularly in settings associated with civil unrest [30–34]. This strain is also notorious

for developing drug resistance, with epidemic strains typically resistant to multiple antibiotics

[35,36]. The epidemiology of S. dysenteriae is distinct from the other species of Shigella, with

epidemics tending to disappear and then reappear years later, with few sporadic cases reported

in between outbreaks [37,38]. While large scale outbreaks of S. dysenteriae serotype 1 were

prevalent in the second half of the twentieth century in Asia, Africa and Central America,

there has been a drastic decline in the incidence of S. dysenteriae in the last few decades, which

remains largely unexplained [7,34,39].

The relative importance of Shigella species in Australia varied by jurisdiction, with western

jurisdictions, particularly the Northern Territory (NT) having higher rates across all years. The

NT is unique demographically, with this jurisdiction having the highest proportion of its resi-

dents living in remote and very remote areas (approximately 40%), compared to the other

states and territories [40]. It is widely documented that people living in remote areas have

poorer health outcomes, including higher rates of hospitalisation and death, and also have

more limited access to, and use of, health care services [41,42]. In addition to having the high-

est proportion of remote residents, the NT also has the highest proportion of First Nations

Australians among its population (an estimated 32%), with over 75% of First Nations Austra-

lians in the NT living in remote or very remote areas [43,44]. In Australia, notification rates of

shigellosis were higher in First Nations Australians than the non-Indigenous population,

which was consistent throughout the period of surveillance. The disparity between the notifi-

cation rate in First Nations Australians and the non-Indigenous population was particularly

pronounced between 2017–2019, likely due to an outbreak of S. flexneri 2b that occurred

among First Nations communities in central Australia, predominantly in the NT [22].

Fig 5. Notification rate of shigellosis per 100,000 population, by Indigenous status, Australia, 2001–2019.

https://doi.org/10.1371/journal.pntd.0010450.g005
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Antimicrobial resistance has also been reported in endemic strains of Shigella affecting First

Nations Australians [45]. An estimated 18% of First Nations Australians are reported to live in

overcrowded households, with the rates of overcrowding highest among those living in remote

(26%) and very remote areas (51%) [46]. Overcrowding and lack of safe removal and treatment

of sewage has shown to be positively associated with gastrointestinal infections in First Nations

Australian households [47]. A multifaceted and preventative approach is needed to address the

disproportional incidence of infectious diseases, including shigellosis, in First Nations

communities.

Consistent with global trends, the burden of shigellosis in Australia was highest in children

aged less than five years [31,48]. Children in this age group are unable to practice good per-

sonal hygiene and are yet to have acquired immunity due to a lack of previous exposure

[49,50]. As shigellosis is typically a self-limiting disease, reported cases in NNDSS are likely to

underrepresent the true incidence of disease. In general, notification data represent only those

cases for which health care was sought, a test conducted, and a diagnosis made, followed by a

notification to health authorities. Therefore, the higher notification rate of shigellosis in chil-

dren may also be due to children being overrepresented in the NNDSS dataset due to a higher

chance of receiving medical care when unwell, compared to adults. Additionally, the low infec-

tious dose of Shigella results in person-to-person transmission, which often occurs between

children in childcare settings through close contact [7,51]. Transmission in these settings can

also occur due to inadequate handwashing after nappy changing or defecation, or faecal con-

tamination of play areas or nappy changing surfaces [49,51]. High incidence among children

can also lead to increased transmission to their carers. Compared to the eastern jurisdictions,

the western states and territories had higher rates of shigellosis among females. This potentially

reflects an underlying difference in the epidemiology of shigellosis in these states due to higher

rates in children, which in turn resulted in higher rates of infection among carers, who are

more likely to be female.

The eastern states of Australia had higher notification rates of shigellosis in males than

females. This is likely to reflect ongoing transmission among MSM in these states, with out-

breaks occurring over several years in three of the most populous states (Victoria, New South

Wales and Queensland) [23,52–54]. In this study, we identified higher rates of S. sonnei in

males than females, particularly in those aged 30 to 64 years, which is the species responsible

for several of the recent outbreaks among MSM in Australian communities. The eastern juris-

dictions of Australia have a higher estimated proportion of adult gay men in the population

compared to the western states and territories, with gay men tending to form more highly pop-

ulated geospatial communities in urban areas compared to rural and regional areas [55]. It is

vital to control the spread of shigellosis amongst MSM due to the increasing occurrence of

drug resistant strains such as extensively drug-resistant S. sonnei, resistant to all recommended

oral antibiotics, which has been reported among MSM in NSW and Victoria [56,57].

The availability of species level information on shigellosis cases was strongly influenced by

changes in diagnostic testing methodologies over time. Since 2014, there was an increase in

cases of untyped Shigella, coinciding with increased use of culture independent testing meth-

ods for shigellosis diagnosis. Several studies have demonstrated the increased capability of

CIDT in identifying the aetiology of diarrhoeal patients when compared to culture dependent

methods, with estimates ranging from two to four times when using CIDT [58–60]. This may

have contributed to the overall increase in cases that was observed since the widespread use of

CIDT from 2014. CIDT are easy to perform, fast, sensitive and reliable, which makes them a

valuable diagnostic tool. However, they are generally only able to identify the causative agent

of an infection, without providing more granular level information such as pathogen strain,

serotype or genotype, which is important to understand disease trends, detect outbreaks and
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monitor antimicrobial resistance patterns [61]. In addition, CIDT are unable to differentiate

between Shigella and EIEC, which are closely related and genetically constitute the same spe-

cies. Whole genome sequencing (WGS) allows public health agencies to obtain detailed epide-

miological data for surveillance and investigation. WGS-based characterisation of Shigella
species and serotypes provides higher-resolution and more accurate data than conventional

biochemical and serological testing methods. The process to obtain this information is faster

as WGS does not require the application of multiple subtyping methodologies [62]. Addition-

ally, WGS can differentiate between Shigella and EIEC, which have many biochemical proper-

ties and virulence genes in common [62,63]. It is important to note however that WGS can

only be applied on cultured isolates, which highlights the importance of continuing culture

until metagenomics approaches become more available.

Differences between states and territories in the reporting of data presents some limitations

for this study, particularly in making accurate comparisons between jurisdictions. For

instance, the laboratory diagnostic method field in the NNDSS was applied inconsistently

between jurisdictions, with some of these applications potentially resulting in an underestima-

tion of cases diagnosed using CIDT and others resulting in an overestimate of cases. As the

data used in this study is collected for surveillance purposes, detailed information on the pro-

tocols used by each laboratory for the detection of Shigella spp. is not available. However, in

Australia, only a limited number of nucleic acid tests for faecal pathogens are approved for use

in diagnostic laboratories [64]. Further, in order for nucleic acid tests (including those for Shi-
gella spp.) to be used in Australian laboratories, the tests generally require accreditation from a

national accreditation authority for each laboratory undertaking testing. This ensures compli-

ance with international best practice and means that only high-quality tests are used in Austra-

lian laboratories.

Inconsistent interpretation of the surveillance case definition by some states presents

another limitation of this study and may have particularly impacted the trends observed in the

latter years of this study. Throughout the majority of the study period, the surveillance case

definition for a ‘confirmed’ case of shigellosis was ‘isolation or detection of Shigella species’. The

broad nature of this wording led a few jurisdictions to transmit cases that were detected using

nucleic acid testing only to NNDSS, which, prior to the inclusion of a ‘probable’ category in

the case definition in 2018, was recorded by the system as a ‘confirmed’ case. This primarily

occurred from late 2017 until the implementation of the new case definition in mid-2018.

Therefore, the observed increase in shigellosis cases between 2017 and mid-2018 may be in

part attributable to the inadvertent classification of cases that were diagnosed using nucleic

acid testing only as a ‘confirmed’ case of shigellosis. The differing testing practices between

jurisdictions is evident when looking at the prevalence of untyped Shigella. For instance, VIC,

NT and Tasmania all had a pronounced increase in the proportion of untyped Shigella from

2014 onwards, which is attributable to the uptake of PCR testing in these jurisdictions. The dif-

ferential use of CIDT in jurisdictions, yielding a higher proportion of unknown Shigella spe-

cies, will also impact the observed notification ratio of known species, particularly the two

most prevalent species, S. sonnei and S. flexneri. For instance, in 2014, the use of CIDT in

NSW was less than that in NT, which means that the contribution of the NT to notifications of

S. flexneri is reduced compared to NSW due to a higher number of notifications of untyped

Shigella in the NT.

Another limitation of the study was the lack of clinical information on cases. The nature of

the data used in this study (i.e. data collected for public health surveillance purposes rather

than for individual patient level management), meant that clinical information was not avail-

able for analysis, thereby limiting our ability to comment on clinical characteristics, such as

the presence of symptoms, treatments, disease progression and severity.

PLOS NEGLECTED TROPICAL DISEASES The epidemiology of shigellosis in Australia

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010450 March 1, 2023 12 / 17

https://doi.org/10.1371/journal.pntd.0010450


Returning travellers are a high risk group for shigellosis [23]. To examine this trend on a national

level, data on the place of acquisition of shigellosis cases was collected for this study. However the

lack of completeness of this field limited its reliability for analysis and meaningful interpretation.

Conclusion

Since 2001, notification rates of shigellosis have increased in Australia. This study has contrib-

uted to improving the understanding of the characteristics of shigellosis activity, including

identifying high risk groups such as young children and First Nations Australians. Higher

rates of transmission were also observed in males than females for S. sonnei, potentially reflect-

ing transmission among MSM, which has been widely reported in Australia. The study

observed a considerable increase in untyped Shigella in recent years which coincided with an

increased use of CIDT. This highlights the implications of culture independent testing on shig-

ellosis surveillance, with CIDT leading to a reduction in the availability of species level infor-

mation. Enhancements in surveillance and laboratory practices, such as through the

application of the revised surveillance case definition and use of WGS, will provide further

insights into the epidemiological features of shigellosis in Australia, thereby enabling the

implementation of targeted and efficient prevention and control interventions.

Supporting information

S1 Fig. Notification rate of shigellosis per 100,000 population, by sex and jurisdiction, Aus-

tralia, 2001–2019.

(DOCX)

S2 Fig. Crude notification rates (dots) and negative binomial regression margins plots

(lines with 95% CI) of S. flexneri, Australia 2001–2019.

(DOCX)

S3 Fig. Predicted notification rates of shigellosis per 100,000 population with 95% CI, by 5

year age group and species, Australia, 2001–2019.

(DOCX)

S4 Fig. Notification rate of shigellosis per 100,000 population, by jurisdiction, Australia,

2001–2019.

(DOCX)

S5 Fig. State and territory crude (dots) and predicted (lines with 95% CI) notification rates

per 100,000 population, Australia, 2001–2019.

(DOCX)

S6 Fig. Proportion of shigellosis notifications, by jurisdiction and species, Australia, 2001–

2019.

(DOCX)

S1 Table. Notification rate ratios estimated using negative binomial regression of S. flex-
neri by gender, age, state and time, 2001–2019.

(DOCX)

Author Contributions

Conceptualization: Aaliya F. Ibrahim, Kathryn Glass, Deborah A. Williamson, Benjamin G.

Polkinghorne, Martyn D. Kirk.

PLOS NEGLECTED TROPICAL DISEASES The epidemiology of shigellosis in Australia

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010450 March 1, 2023 13 / 17

http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0010450.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0010450.s002
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0010450.s003
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0010450.s004
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0010450.s005
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0010450.s006
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0010450.s007
https://doi.org/10.1371/journal.pntd.0010450


Data curation: Aaliya F. Ibrahim.

Formal analysis: Aaliya F. Ibrahim, Kathryn Glass, Danielle J. Ingle, Martyn D. Kirk.

Investigation: Aaliya F. Ibrahim.

Methodology: Aaliya F. Ibrahim, Kathryn Glass, Deborah A. Williamson, Benjamin G. Polk-

inghorne, Danielle J. Ingle, Martyn D. Kirk.

Project administration: Aaliya F. Ibrahim, Kathryn Glass, Martyn D. Kirk.

Supervision: Kathryn Glass, Deborah A. Williamson, Benjamin G. Polkinghorne, Danielle J.

Ingle, Rose Wright, Martyn D. Kirk.

Writing – original draft: Aaliya F. Ibrahim.

Writing – review & editing: Aaliya F. Ibrahim, Kathryn Glass, Deborah A. Williamson, Benja-

min G. Polkinghorne, Danielle J. Ingle, Rose Wright, Martyn D. Kirk.

References
1. Sur D, Ramamurthy T, Deen J, Bhattacharya SK. Shigellosis: challenges & management issues. Indian

J Med Res. 2004; 120(5):454–62.

2. Niyogi SK. Shigellosis. J Microbiol. 2005; 43(2):133–43. PMID: 15880088

3. Sanford C, Jong E, Pottinger P. The Travel and Tropical Medicine Manual ( Fifth Edition): Elsevier;

2017. 664 p.

4. Shen H, Chen J, Xu Y, Lai Z, Zhang J, Yang H, et al. An outbreak of shigellosis in a Children Welfare

Institute caused by a multiple-antibiotic-resistant strain of Shigella flexneri 2a. J Infect Public Health.

2017; 10(6):814–8. https://doi.org/10.1016/j.jiph.2017.01.003 PMID: 28189512

5. Farag TH, Faruque AS, Wu Y, Das SK, Hossain A, Ahmed S, et al. Housefly population density corre-

lates with shigellosis among children in Mirzapur, Bangladesh: a time series analysis. PLoS Negl Trop

Dis. 2013; 7(6):e2280. https://doi.org/10.1371/journal.pntd.0002280 PMID: 23818998

6. Vriesekoop F, Shaw R. The Australian bush fly (Musca vetustissima) as a potential vector in the trans-

mission of foodborne pathogens at outdoor eateries. Foodborne Pathog Dis. 2010; 7(3):275–9. https://

doi.org/10.1089/fpd.2009.0366 PMID: 19895260

7. Zaidi MB, Estrada-Garcia T. Shigella: A Highly Virulent and Elusive Pathogen. Curr Trop Med Rep.

2014; 1(2):81–7. https://doi.org/10.1007/s40475-014-0019-6 PMID: 25110633

8. Brown JD, Willcox SJ, Franklin N, Hazelton B, Howard P, Reinten T, et al. Shigella species epidemiol-

ogy and antimicrobial susceptibility: the implications of emerging azithromycin resistance for guiding

treatment, guidelines and breakpoints. J Antimicrob Chemother. 2017; 72(11):3181–6. https://doi.org/

10.1093/jac/dkx268 PMID: 28961759

9. Lane CR, Sutton B, Valcanis M, Kirk M, Walker C, Lalor K, et al. Travel Destinations and Sexual Behav-

ior as Indicators of Antibiotic Resistant Shigella Strains—Victoria, Australia. Clinical Infectious Dis-

eases. 2015; 62(6):722–9. https://doi.org/10.1093/cid/civ1018 PMID: 26679624

10. Therapeutic Guidelines Ltd. Shigella enteritis (shigellosis) 2019 [updated July 2021. Available from:

https://www.tg.org.au/.

11. Khalil IA, Troeger C, Blacker BF, Rao PC, Brown A, Atherly DE, et al. Morbidity and mortality due to shi-

gella and enterotoxigenic Escherichia coli diarrhoea: the Global Burden of Disease Study 1990–2016.

The Lancet Infectious Diseases. 2018; 18(11):1229–40. https://doi.org/10.1016/S1473-3099(18)

30475-4 PMID: 30266330

12. Baker S, The HC. Recent insights into Shigella: a major contributor to the global diarrhoeal disease bur-

den. Curr Opin Infect Dis. 2018; 31(5):449–54.

13. Gharpure R, Marsh ZA, Tack DM, Collier SA, Strysko J, Ray L, et al. Disparities in Incidence and Sever-

ity of Shigella Infections Among Children-Foodborne Diseases Active Surveillance Network (FoodNet),

2009–2018. J Pediatric Infect Dis Soc. 2021; 10(7):782–8. https://doi.org/10.1093/jpids/piab045 PMID:

34145878

14. Murray K, Reddy V, Kornblum JS, Waechter H, Chicaiza LF, Rubinstein I, et al. Increasing Antibiotic

Resistance in Shigella spp. from Infected New York City Residents, New York, USA. Emerg Infect Dis.

2017; 23(2):332–5. https://doi.org/10.3201/eid2302.161203 PMID: 28098543

PLOS NEGLECTED TROPICAL DISEASES The epidemiology of shigellosis in Australia

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010450 March 1, 2023 14 / 17

http://www.ncbi.nlm.nih.gov/pubmed/15880088
https://doi.org/10.1016/j.jiph.2017.01.003
http://www.ncbi.nlm.nih.gov/pubmed/28189512
https://doi.org/10.1371/journal.pntd.0002280
http://www.ncbi.nlm.nih.gov/pubmed/23818998
https://doi.org/10.1089/fpd.2009.0366
https://doi.org/10.1089/fpd.2009.0366
http://www.ncbi.nlm.nih.gov/pubmed/19895260
https://doi.org/10.1007/s40475-014-0019-6
http://www.ncbi.nlm.nih.gov/pubmed/25110633
https://doi.org/10.1093/jac/dkx268
https://doi.org/10.1093/jac/dkx268
http://www.ncbi.nlm.nih.gov/pubmed/28961759
https://doi.org/10.1093/cid/civ1018
http://www.ncbi.nlm.nih.gov/pubmed/26679624
https://www.tg.org.au/
https://doi.org/10.1016/S1473-3099%2818%2930475-4
https://doi.org/10.1016/S1473-3099%2818%2930475-4
http://www.ncbi.nlm.nih.gov/pubmed/30266330
https://doi.org/10.1093/jpids/piab045
http://www.ncbi.nlm.nih.gov/pubmed/34145878
https://doi.org/10.3201/eid2302.161203
http://www.ncbi.nlm.nih.gov/pubmed/28098543
https://doi.org/10.1371/journal.pntd.0010450


15. Ratnayake R, Allard R, Pilon PA. Shifting dominance of Shigella species in men who have sex with

men. Epidemiol Infect. 2012; 140(11):2082–6. https://doi.org/10.1017/S0950268812000738 PMID:

22559720

16. Marcus U, Zucs P, Bremer V, Hamouda O, Prager R, Tschaepe H, et al. Shigellosis—a re-emerging

sexually transmitted infection: outbreak in men having sex with men in Berlin. Int J STD AIDS. 2004; 15

(8):533–7. https://doi.org/10.1258/0956462041558221 PMID: 15307964

17. Simms I, Field N, Jenkins C, Childs T, Gilbart VL, Dallman TJ, et al. Intensified shigellosis epidemic

associated with sexual transmission in men who have sex with men—Shigella flexneri and S. sonnei in

England, 2004 to end of February 2015. Euro Surveill. 2015; 20(15). https://doi.org/10.2807/1560-7917.

es2015.20.15.21097 PMID: 25953129

18. Gaufin T, Blumenthal J, Ramirez-Sanchez C, Mehta S, Pride DT, Fierer J, et al. Antimicrobial-Resistant

Shigella spp. in San Diego, California, USA, 2017–2020. Emerg Infect Dis. 2022; 28(6):1110–6. https://

doi.org/10.3201/eid2806.220131 PMID: 35608550

19. Cohen D, Bassal R, Goren S, Rouach T, Taran D, Schemberg B, et al. Recent trends in the epidemiol-

ogy of shigellosis in Israel. Epidemiol Infect. 2014; 142(12):2583–94. https://doi.org/10.1017/

S0950268814000260 PMID: 24559503

20. Bardsley M, Jenkins C, Mitchell HD, Mikhail AFW, Baker KS, Foster K, et al. Persistent Transmission of

Shigellosis in England Is Associated with a Recently Emerged Multidrug-Resistant Strain of Shigella

sonnei. J Clin Microbiol. 2020; 58(4). https://doi.org/10.1128/JCM.01692-19 PMID: 31969425

21. Communicable Diseases Network Australia. National Communicable Diseases Surveillance Report

Fortnight 24, 2019, Summary Notes for Selected Diseases, 23 November to 06 December 2019.

Department of Health. 2019.

22. Draper A, Markey P. Shigella flexneri 2b in the Northern Territory in 2017. The Northern Territory Dis-

ease Control Bulletin. 2017; 24(4).

23. Ingle DJ, Easton M, Valcanis M, Seemann T, Kwong JC, Stephens N, et al. Co-circulation of Multidrug-

resistant Shigella Among Men Who Have Sex With Men in Australia. Clinical Infectious Diseases. 2019.

https://doi.org/10.1093/cid/ciz005 PMID: 30615105

24. Tai AY, Easton M, Encena J, Rotty J, Valcanis M, Howden BP, et al. A review of the public health man-

agement of shigellosis in Australia in the era of culture-independent diagnostic testing. Aust N Z J Public

Health. 2016; 40(6):588–91. https://doi.org/10.1111/1753-6405.12590 PMID: 27774718

25. Vu DT, Sethabutr O, Von Seidlein L, Tran VT, Do GC, Bui TC, et al. Detection of Shigella by a PCR

assay targeting the ipaH gene suggests increased prevalence of shigellosis in Nha Trang, Vietnam. J

Clin Microbiol. 2004; 42(5):2031–5. https://doi.org/10.1128/JCM.42.5.2031-2035.2004 PMID:

15131166

26. Chattaway MA, Schaefer U, Tewolde R, Dallman TJ, Jenkins C. Identification of Escherichia coli and

Shigella Species from Whole-Genome Sequences. J Clin Microbiol. 2017; 55(2):616–23.

27. Department of Health. Shigellosis Surveillance Case Definition Canberra: Australian Government 2018

[Available from: http://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-nndss-

casedefs-cd_shigel.htm.

28. Thompson CN, Duy PT, Baker S. The Rising Dominance of Shigella sonnei: An Intercontinental Shift in

the Etiology of Bacillary Dysentery. PLoS Negl Trop Dis. 2015; 9(6):e0003708. https://doi.org/10.1371/

journal.pntd.0003708 PMID: 26068698

29. Yang F, Yang J, Zhang X, Chen L, Jiang Y, Yan Y, et al. Genome dynamics and diversity of Shigella

species, the etiologic agents of bacillary dysentery. Nucleic Acids Res. 2005; 33(19):6445–58. https://

doi.org/10.1093/nar/gki954 PMID: 16275786

30. Faruque SM, Chowdhury N, Khan R, Hasan MR, Nahar J, Islam MJ, et al. Shigella dysenteriae type 1-

specific bacteriophage from environmental waters in Bangladesh. Appl Environ Microbiol. 2003; 69

(12):7028–31. https://doi.org/10.1128/AEM.69.12.7028-7031.2003 PMID: 14660345

31. von Seidlein L, Kim DR, Ali M, Lee H, Wang X, Thiem VD, et al. A multicentre study of Shigella diarrhoea

in six Asian countries: disease burden, clinical manifestations, and microbiology. PLoS Med. 2006; 3(9):

e353. https://doi.org/10.1371/journal.pmed.0030353 PMID: 16968124

32. World Health Organization. Guidelines for the control of shigellosis, including epidemics due to Shigella

dysenteriae 1. Geneva, Switzerland2005.

33. Kerneis S, Guerin PJ, von Seidlein L, Legros D, Grais RF. A look back at an ongoing problem: Shigella

dysenteriae type 1 epidemics in refugee settings in Central Africa (1993–1995). PLoS One. 2009; 4(2):

e4494. https://doi.org/10.1371/journal.pone.0004494 PMID: 19214226

34. Anderson M, Sansonetti PJ, Marteyn BS. Shigella Diversity and Changing Landscape: Insights for the

Twenty-First Century. Front Cell Infect Microbiol. 2016; 6:45. https://doi.org/10.3389/fcimb.2016.00045

PMID: 27148494

PLOS NEGLECTED TROPICAL DISEASES The epidemiology of shigellosis in Australia

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010450 March 1, 2023 15 / 17

https://doi.org/10.1017/S0950268812000738
http://www.ncbi.nlm.nih.gov/pubmed/22559720
https://doi.org/10.1258/0956462041558221
http://www.ncbi.nlm.nih.gov/pubmed/15307964
https://doi.org/10.2807/1560-7917.es2015.20.15.21097
https://doi.org/10.2807/1560-7917.es2015.20.15.21097
http://www.ncbi.nlm.nih.gov/pubmed/25953129
https://doi.org/10.3201/eid2806.220131
https://doi.org/10.3201/eid2806.220131
http://www.ncbi.nlm.nih.gov/pubmed/35608550
https://doi.org/10.1017/S0950268814000260
https://doi.org/10.1017/S0950268814000260
http://www.ncbi.nlm.nih.gov/pubmed/24559503
https://doi.org/10.1128/JCM.01692-19
http://www.ncbi.nlm.nih.gov/pubmed/31969425
https://doi.org/10.1093/cid/ciz005
http://www.ncbi.nlm.nih.gov/pubmed/30615105
https://doi.org/10.1111/1753-6405.12590
http://www.ncbi.nlm.nih.gov/pubmed/27774718
https://doi.org/10.1128/JCM.42.5.2031-2035.2004
http://www.ncbi.nlm.nih.gov/pubmed/15131166
http://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-nndss-casedefs-cd_shigel.htm
http://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-nndss-casedefs-cd_shigel.htm
https://doi.org/10.1371/journal.pntd.0003708
https://doi.org/10.1371/journal.pntd.0003708
http://www.ncbi.nlm.nih.gov/pubmed/26068698
https://doi.org/10.1093/nar/gki954
https://doi.org/10.1093/nar/gki954
http://www.ncbi.nlm.nih.gov/pubmed/16275786
https://doi.org/10.1128/AEM.69.12.7028-7031.2003
http://www.ncbi.nlm.nih.gov/pubmed/14660345
https://doi.org/10.1371/journal.pmed.0030353
http://www.ncbi.nlm.nih.gov/pubmed/16968124
https://doi.org/10.1371/journal.pone.0004494
http://www.ncbi.nlm.nih.gov/pubmed/19214226
https://doi.org/10.3389/fcimb.2016.00045
http://www.ncbi.nlm.nih.gov/pubmed/27148494
https://doi.org/10.1371/journal.pntd.0010450


35. Bhattacharya S, Sur D. Shigellosis. In: Quah SR, editor. International Encyclopedia of Public Health,

Second Edition Elsevier; 2017. p. 4470.

36. Wu T, Grassel C, Levine MM, Barry EM. Live attenuated Shigella dysenteriae type 1 vaccine strains

overexpressing shiga toxin B subunit. Infect Immun. 2011; 79(12):4912–22. https://doi.org/10.1128/IAI.

05814-11 PMID: 21969003

37. Rohmer L, Jacobs MA, Brittnacher MJ, Fong C, Hayden HS, Hocquet D, et al. Genomic analysis of the

emergence of 20th century epidemic dysentery. BMC Genomics. 2014; 15:355. https://doi.org/10.1186/

1471-2164-15-355 PMID: 24886041

38. Mattock E, Blocker AJ. How Do the Virulence Factors of Shigella Work Together to Cause Disease?

Front Cell Infect Microbiol. 2017; 7:64. https://doi.org/10.3389/fcimb.2017.00064 PMID: 28393050

39. Njamkepo E, Fawal N, Tran-Dien A, Hawkey J, Strockbine N, Jenkins C, et al. Global phylogeography

and evolutionary history of Shigella dysenteriae type 1. Nat Microbiol. 2016; 1:16027. https://doi.org/10.

1038/nmicrobiol.2016.27 PMID: 27572446

40. Australian Bureau of Statistics. Regional Population Growth, Australia, 2017–2018 2019 [Available

from: https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3218.02017-18.

41. Phillips A. Health status differentials across rural and remote Australia. Aust J Rural Health. 2009; 17

(1):2–9. https://doi.org/10.1111/j.1440-1584.2008.01029.x PMID: 19161493

42. Jones D, Lyle D, McAllister L, Randall S, Dyson R, White D, et al. The case for integrated health and

community literacy to achieve transformational community engagement and improved health out-

comes: an inclusive approach to addressing rural and remote health inequities and community health-

care expectations. Prim Health Care Res Dev. 2020; 21:e57. https://doi.org/10.1017/

S1463423620000481 PMID: 33263268

43. Australian Institute of Health and Welfare. Profile of Indigenous Australians 2022 [Available from:

https://www.aihw.gov.au/reports/australias-health/profile-of-indigenous-australians.

44. Department of Treasury and Finance. Northern Territory Economy: Northern Territory Government;

2022 [Available from: https://nteconomy.nt.gov.au/population.

45. Guglielmino CJD, Kakkanat A, Forde BM, Rubenach S, Merone L, Stafford R, et al. Outbreak of multi-

drug-resistant (MDR) Shigella flexneri in northern Australia due to an endemic regional clone acquiring

an IncFII plasmid. Eur J Clin Microbiol Infect Dis. 2021; 40(2):279–86. https://doi.org/10.1007/s10096-

020-04029-w PMID: 32888117

46. Australian Institute of Health and Welfare. Tier 2—Determinants of health, 2.01 Housing 2021 [updated

30 April 2021. Available from: https://www.indigenoushpf.gov.au/measures/2-01-housing#references.

47. Ali SH, Foster T, Hall NL. The Relationship between Infectious Diseases and Housing Maintenance in

Indigenous Australian Households. Int J Environ Res Public Health. 2018; 15(12). https://doi.org/10.

3390/ijerph15122827 PMID: 30545014

48. Kotloff KL, Winickoff JP, Ivanoff B, Clemens JD, Swerdlow DL, Sansonetti PJ, et al. Global burden of

Shigella infections: implications for vaccine development and implementation of control strategies. Bull

World Health Organ. 1999; 77(8):651–66. PMID: 10516787

49. Gupta A, Polyak CS, Bishop RD, Sobel J, Mintz ED. Laboratory-confirmed shigellosis in the United

States, 1989–2002: epidemiologic trends and patterns. Clin Infect Dis. 2004; 38(10):1372–7. https://doi.

org/10.1086/386326 PMID: 15156473

50. Zhao L, Xiong Y, Meng D, Guo J, Li Y, Liang L, et al. An 11-year study of shigellosis and Shigella spe-

cies in Taiyuan, China: Active surveillance, epidemic characteristics, and molecular serotyping. J Infect

Public Health. 2017; 10(6):794–8. https://doi.org/10.1016/j.jiph.2017.01.009 PMID: 28188118

51. Genobile D, Gaston J, Tallis GF, Gregory JE, Griffith JM, Valcanis M, et al. An outbreak of shigellosis in

a child care centre. Commun Dis Intell Q Rep. 2004; 28(2):225–9. PMID: 15460959

52. McIver CJ, White PA, Jones LA, Karagiannis T, Harkness J, Marriott D, et al. Epidemic strains of Shi-

gella sonnei biotype g carrying integrons. J Clin Microbiol. 2002; 40(4):1538–40. https://doi.org/10.

1128/JCM.40.4.1538-1540.2002 PMID: 11923391

53. Queensland Health. Shigella infection (Shigellosis) 2018 [Available from: https://www.health.qld.gov.

au/cdcg/index/shigellosis.

54. Koehler A. Multi-drug resistant shigella alert: SA Health; 2018 [22 October 2019]. Available from:

https://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/protecting

+public+health/alerts/health+alerts/multi+-+drug+resistant+shigella+alert.

55. Callander D, Mooney-Somers J, Keen P, Guy R, Duck T, Bavinton BR, et al. Australian ‘gayborhoods’

and ‘lesborhoods’: a new method for estimating the number and prevalence of adult gay men and les-

bian women living in each Australian postcode. International Journal of Geographical Information Sci-

ence. 2020; 34(11):2160–76.

PLOS NEGLECTED TROPICAL DISEASES The epidemiology of shigellosis in Australia

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010450 March 1, 2023 16 / 17

https://doi.org/10.1128/IAI.05814-11
https://doi.org/10.1128/IAI.05814-11
http://www.ncbi.nlm.nih.gov/pubmed/21969003
https://doi.org/10.1186/1471-2164-15-355
https://doi.org/10.1186/1471-2164-15-355
http://www.ncbi.nlm.nih.gov/pubmed/24886041
https://doi.org/10.3389/fcimb.2017.00064
http://www.ncbi.nlm.nih.gov/pubmed/28393050
https://doi.org/10.1038/nmicrobiol.2016.27
https://doi.org/10.1038/nmicrobiol.2016.27
http://www.ncbi.nlm.nih.gov/pubmed/27572446
https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3218.02017-18
https://doi.org/10.1111/j.1440-1584.2008.01029.x
http://www.ncbi.nlm.nih.gov/pubmed/19161493
https://doi.org/10.1017/S1463423620000481
https://doi.org/10.1017/S1463423620000481
http://www.ncbi.nlm.nih.gov/pubmed/33263268
https://www.aihw.gov.au/reports/australias-health/profile-of-indigenous-australians
https://nteconomy.nt.gov.au/population
https://doi.org/10.1007/s10096-020-04029-w
https://doi.org/10.1007/s10096-020-04029-w
http://www.ncbi.nlm.nih.gov/pubmed/32888117
https://www.indigenoushpf.gov.au/measures/2-01-housing#references
https://doi.org/10.3390/ijerph15122827
https://doi.org/10.3390/ijerph15122827
http://www.ncbi.nlm.nih.gov/pubmed/30545014
http://www.ncbi.nlm.nih.gov/pubmed/10516787
https://doi.org/10.1086/386326
https://doi.org/10.1086/386326
http://www.ncbi.nlm.nih.gov/pubmed/15156473
https://doi.org/10.1016/j.jiph.2017.01.009
http://www.ncbi.nlm.nih.gov/pubmed/28188118
http://www.ncbi.nlm.nih.gov/pubmed/15460959
https://doi.org/10.1128/JCM.40.4.1538-1540.2002
https://doi.org/10.1128/JCM.40.4.1538-1540.2002
http://www.ncbi.nlm.nih.gov/pubmed/11923391
https://www.health.qld.gov.au/cdcg/index/shigellosis
https://www.health.qld.gov.au/cdcg/index/shigellosis
https://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/protecting+public+health/alerts/health+alerts/multi+-+drug+resistant+shigella+alert
https://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/protecting+public+health/alerts/health+alerts/multi+-+drug+resistant+shigella+alert
https://doi.org/10.1371/journal.pntd.0010450


56. Health Protection NSW. NSW OzFoodNet Annual Surveillance Report: 2019 Sydney, Australia2019

[Available from: https://www.health.nsw.gov.au/Infectious/foodborne/Publications/nsw-ozfoodnet-

annual-report-2019.pdf.

57. Williamson D, Ingle D, Howden B. Extensively Drug-Resistant Shigellosis in Australia among Men Who

Have Sex with Men. N Engl J Med. 2019; 381(25):2477–9. https://doi.org/10.1056/NEJMc1910648

PMID: 31851807

58. Liu J, Platts-Mills JA, Juma J, Kabir F, Nkeze J, Okoi C, et al. Use of quantitative molecular diagnostic

methods to identify causes of diarrhoea in children: a reanalysis of the GEMS case-control study. Lan-

cet. 2016; 388(10051):1291–301. https://doi.org/10.1016/S0140-6736(16)31529-X PMID: 27673470

59. Platts-Mills JA, Liu J, Rogawski ET, Kabir F, Lertsethtakarn P, Siguas M, et al. Use of quantitative

molecular diagnostic methods to assess the aetiology, burden, and clinical characteristics of diarrhoea

in children in low-resource settings: a reanalysis of the MAL-ED cohort study. Lancet Glob Health.

2018; 6(12):e1309–e18. https://doi.org/10.1016/S2214-109X(18)30349-8 PMID: 30287127

60. Guan H, Zhang J, Xiao Y, Sha D, Ling X, Kan B. Evaluation of PCR Based Assays for the Improvement

of Proportion Estimation of Bacterial and Viral Pathogens in Diarrheal Surveillance. Front Microbiol.

2016; 7:386. https://doi.org/10.3389/fmicb.2016.00386 PMID: 27065958

61. May FJ, Stafford RJ, Carroll H, Robson JM, Vohra R, Nimmo GR, et al. The effects of culture indepen-

dent diagnostic testing on the diagnosis and reporting of enteric bacterial pathogens in Queensland,

2010 to 2014. Commun Dis Intell Q Rep. 2017; 41(3):E223–E30. PMID: 29720071

62. Wu Y, Lau HK, Lee T, Lau DK, Payne J. In Silico Serotyping Based on Whole-Genome Sequencing

Improves the Accuracy of Shigella Identification. Appl Environ Microbiol. 2019; 85(7). https://doi.org/10.

1128/AEM.00165-19 PMID: 30709819

63. van den Beld MJ, Reubsaet FA. Differentiation between Shigella, enteroinvasive Escherichia coli

(EIEC) and noninvasive Escherichia coli. Eur J Clin Microbiol Infect Dis. 2012; 31(6):899–904. https://

doi.org/10.1007/s10096-011-1395-7 PMID: 21901636

64. Department of Health and Aged Care. Australian Register of Therapeutic Goods: Australian Govern-

ment; 2023 [Available from: https://www.tga.gov.au/resources/artg.

PLOS NEGLECTED TROPICAL DISEASES The epidemiology of shigellosis in Australia

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010450 March 1, 2023 17 / 17

https://www.health.nsw.gov.au/Infectious/foodborne/Publications/nsw-ozfoodnet-annual-report-2019.pdf
https://www.health.nsw.gov.au/Infectious/foodborne/Publications/nsw-ozfoodnet-annual-report-2019.pdf
https://doi.org/10.1056/NEJMc1910648
http://www.ncbi.nlm.nih.gov/pubmed/31851807
https://doi.org/10.1016/S0140-6736%2816%2931529-X
http://www.ncbi.nlm.nih.gov/pubmed/27673470
https://doi.org/10.1016/S2214-109X%2818%2930349-8
http://www.ncbi.nlm.nih.gov/pubmed/30287127
https://doi.org/10.3389/fmicb.2016.00386
http://www.ncbi.nlm.nih.gov/pubmed/27065958
http://www.ncbi.nlm.nih.gov/pubmed/29720071
https://doi.org/10.1128/AEM.00165-19
https://doi.org/10.1128/AEM.00165-19
http://www.ncbi.nlm.nih.gov/pubmed/30709819
https://doi.org/10.1007/s10096-011-1395-7
https://doi.org/10.1007/s10096-011-1395-7
http://www.ncbi.nlm.nih.gov/pubmed/21901636
https://www.tga.gov.au/resources/artg
https://doi.org/10.1371/journal.pntd.0010450

