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Outbreak investigation

A group of people who had attended a rural wedding event 
on 11 March, 2023, presented to Na Duang Hospital in Loei 
in northeast Thailand with gastroenteritis. On 13 March, 
2023, the epidemiological officer at Na Duang Hospital 
notified the Communicable Disease Control Group at the 
Loei Provincial Health Office of the outbreak. Initially, 52 
cases were identified, of which 14 patients were admitted 
to the hospital and 38 were identified in the community. 
Standard culture methods did not result in the identification 
of a bacterial pathogen; however, 13 of 18 stool specimens 
showed an Entamoeba histolytica morphology based on 
microscopy, leading to the initial suspicion that E. histo-
lytica was the cause of the outbreak.

The Joint Investigation Team from the Loei Provincial 
Health Office, in collaboration with the Surveillance and 
Rapid Response Team in Na Duang District, conducted an 
outbreak investigation. Approximately 500 individuals had 
attended the wedding, of whom 272 were traced. The case 
definition for this surveillance included having loose or 
watery stools at least three times within 24 h, or experienc-
ing at least two of the following symptoms: fever, headache, 
abdominal pain, nausea, vomiting, or fatigue. Of the attend-
ees traced, 154 met the case definition, three were unwell 
but did not meet the case definition, and the remaining 115 

Introduction

Enteroinvasive Escherichia coli (EIEC) and Shigella spp. 
are closely related bacterial species that share similar viru-
lence mechanisms and disease symptoms [1]. Distinguish-
ing between them is challenging owing to their close genetic 
relationship, but this is essential for epidemiological and 
surveillance purposes [2]. Although Shigella is associated 
with large food-borne disease outbreaks, reports of EIEC 
outbreaks are rare [3]. Because standard biochemical tests 
cannot distinguish EIEC from commensal E. coli, genetic 
testing is required to identify EIEC strains.
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Abstract
An enteroinvasive Escherichia coli (EIEC) outbreak affecting 154 individuals was identified among attendees at a wedding 
in Loei Province, Thailand. The median time to symptom onset was 18 h (range: 7–72 h). The epidemiological evidence 
suggested that larb-neua-dib (spicy minced raw beef salad) was the probable source of the outbreak. The O8:H19 isolates 
identified in this study closely resemble the O8:H19 strains from the United States and the United Kingdom, but not the 
O96:H19 strains from Europe. This is the first EIEC outbreak documented in Thailand. Complexities in identifying EIEC 
contribute to its underreporting.
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were asymptomatic. Between 14 and 16 March, stool speci-
mens were collected from 59 attendees who met the case 
definition and four asymptomatic attendees (Fig. S1).

Stool specimens were analysed upon arrival at the 
Research Collaboration Center on Emerging and Re-emerg-
ing Infections laboratory, located in the suburbs of Bangkok. 
Multiplex quantitative PCR assays targeting 19 enteropatho-
gens [4] detected the presence of Shigella or EIEC (ipaH 
gene) in the first six specimens tested, whereas no parasites, 
including E. histolytica, or viruses were detected. Initial 
microscopy at the site revealed the presence of cysts in stools 
with E. histolytica-like morphology. However, subsequent 
genetic testing was negative for E. histolytica, suggesting 
that the cysts may have been E. dispar, a morphologically 
similar but non-pathogenic species. A previous case-control 
study conducted in eight hospitals in Thailand from April 
2016 to March 2018 did not identify an association between 
E. histolytica and acute diarrhoea in hospitalized patients, 
whereas ipaH positivity was significantly associated with 
hospitalization with acute diarrhoea [5]. Of the remaining 
57 specimens, 43 (39 from symptomatic and four from 
asymptomatic individuals) tested positive for ipaH. Shigella 
isolation was attempted using Xylose Lysine Deoxycholate 
(XLD) agar selective media; however, even after examining 
many suspected red colonies using PCR, bacteria carrying 
the ipaH gene, which could possibly indicate Shigella, were 
not detected (detailed methods are described in the Supple-
mentary Material). Therefore, attempts were made to detect 
and isolate EIEC from lactose-fermenting E. coli-like colo-
nies collected from XLD agar plates. The presence of back-
ground bacteria such as Klebsiella and commensal E. coli 

made isolation difficult. EIEC was isolated from nine of 17 
stool specimens by screening approximately 100 E. coli-like 
colonies per specimen. All EIEC isolates tested positive for 
lactose fermentation, lysine decarboxylation, non-motility, 
and serotype O8. EIEC, similar to Shigella, is generally 
unable to decarboxylate lysine or ferment lactose; however, 
this pattern is not universal [6].

The wedding meal had been prepared and served on 10 
March to helpers, including the cooks. The main dish was 
beef from cattle owned by the host of the wedding that had 
been butchered on the evening of 9 March (Fig.  1). The 
wedding meal was served to guests on 11 March. Clinical 
data were available for 45 patients who tested positive for 
ipaH. The first two cases identified were women, aged 48 
and 71 years, of whom one was a cook. These two women 
had consumed larb-neua-dib (spicy minced raw beef salad) 
at noon on 10 March. They developed symptoms 7 and 8 h 
later. By 12 March, 11 cooks reported symptoms, and of 
them, 10 tested positive for ipaH. Of the 45 patients, 20 
(44%) reported symptom onset on 11 March (the wedding 
day), and 20 (44%) reported symptom onset on 12 March. 
The median interval between attending the wedding feast 
and symptom onset was 18 h (range: 7–72 h). With respect 
to the eight dishes and four drinks consumed by the 45 
patients, 44 (98%) had consumed larb-neua-dib, 40 (89%) 
had consumed ice, and 37 (82%) had consumed water. 
Other items consumed included beef soup (33/45, 73%) 
and yum-ruam-mit (spicy mixed salad; 15/45, 33%). Of the 
45 patients, 24 (53%) were male. The mean age was 52.8 
years (range: 5–75 years). Only two patients, aged 5 and 
13 years, were under 18 years of age. Leftover raw beef 

Fig. 1  Epidemic curve of 154 patients with the defined illness and ipaH gene-positive patients from a wedding event in Na Duang District, Loei 
Province, Thailand, from 9 to 13 March, 2023
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and larb-neua-dib from the wedding were sent to the labora-
tory at the Regional Medical Sciences Center, located near 
the outbreak site. Salmonella spp. group I and E. coli were 
isolated from the raw beef sample, and E. coli was isolated 
from the larb-neua-dib sample. These E. coli isolates were 
not available for further testing to determine their similar-
ity to the EIEC isolates. Among the 45 patients, the most 
common symptoms were watery stools (35/45, 78%) and 
abdominal pain (35/45, 78%). Other reported symptoms 
included fever (25/45, 56%), loose stools (19/45, 42%), 

headache (12/45, 27%), fatigue (10/45, 22%), vomiting 
(10/45, 22%), nausea (8/45, 18%), mucus stool (7/45, 16%) 
and bloody stool (2/45, 4%).

Whole-genome sequencing revealed that the EIEC iso-
lates were serotype O8:H19, sequence type 4267 (ST4267) 
(Fig. S2), and shared clonality with a maximum distance 
of three single-nucleotide polymorphisms (Fig. 2) and viru-
lence plasmids measuring 293.8 kb in size (NCBI BioPro-
ject id: PRJNA967489). Novel EIEC clones with serotype 
O96:H19 emerged in Italy in 2012, and serotype O8:H19 

Fig. 2  Core genome phylogeny of enteroinvasive Escherichia coli 
(EIEC) outbreak isolates in Thailand and global strains. The figure 
presents a comparison of the relationship between nine EIEC isolates 
in Thailand (bold) and other global EIEC strains, alongside four refer-

ence Shigella species, based on core genome single-nucleotide poly-
morphisms (SNPs) identified using Parsnp ​(​​​h​​​​t​t​p​​s​:​​/​/​​g​i​​t​h​u​b​.​c​o​m​/​m​a​r​b​l​
/​p​a​r​s​n​p​​​​​)​. The visualisation was created using ITOL v.6 ​(​​​h​t​t​p​s​:​/​/​i​t​o​l​.​e​
m​b​l​.​d​e​/​​​​​)​​​​
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emerged in the USA in 2018, and caused outbreaks [7, 8]. 
Phylogenetic analysis of 80 EIEC strains, representing over 
18 serotypes isolated globally [9–11], revealed that the 
O8:H19 isolates were not closely related to the O96:H19 
strains. However, the O8:H19 isolate RMDEC68 shared 
a virulence plasmid of similar size and features with the 
O96:H19 strain CFSAN029787 (Fig. S3). Approximately 
90% of the genes were common between RMDEC68 and 
CFSAN029787, and the remaining differences were mostly 
attributed to insertion elements (transposons) and hypo-
thetical proteins. Additionally, the O8:H19 isolate exhib-
ited a complete set of conjugative elements similar to those 
found in the O96:H19 strain [9], distinguishing them from 
other known serotype EIEC strains. The recent emergence 
of EIEC with transferable virulence plasmids is a matter of 
concern.

To our knowledge, this is the first report of an EIEC gas-
troenteritis outbreak in Thailand. The epidemiological evi-
dence suggests that larb-neua-dib was the probable source. 
However, it is unclear whether the EIEC was present in the 
beef cattle or whether the beef was contaminated by human 
handling or from other sources, such as water.

EIEC O96:H19 outbreaks in Italy in 2012, the UK in 
2014, Sweden in 2017, and Denmark in 2021 were asso-
ciated with contaminated vegetables, whereas an EIEC 
O8:H19 outbreak in the USA occurred within an ethnic 
Nepali refugee community following a potluck gathering 
with no specific source identified [3, 7, 8, 12, 13]. EIEC 
is considered to have evolved from commensal E. coli via 
horizontal gene transfer and other genetic changes [9, 10]. 
The emergent O96:H19 serotype has phenotypic character-
istics that resemble those of non-invasive E. coli rather than 
Shigella, which could contribute to its improved survival 
and adaptation to different ecological niches [9, 14].

Conclusions

The epidemiological evidence suggests that larb-neua-dib 
was the probable source of this EIEC O8:H19 outbreak. 
The organism was identified through rigorous investigation 
using a combination of epidemiological, microbiological, 
and genetic methods. EIEC outbreaks are underreported 
owing to challenges with identification. An improved 
understanding of the epidemiology of EIEC could lead to 
improved prevention and control.

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​1​0​0​9​6​-​0​
2​4​-​0​5​0​2​4​-​1​​​​​.​​

Acknowledgements  We thank Siriporn Simsawat, Kochaporn Suriya, 
Penkae Wiwatthewakun, Pronchanog Pensri, Supawan Wanprasert, 
Pathaimat Pruangpreechasak, Jenjeera Tasukon, Patchara Maungham, 

1 3

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4161/gmic.19182
https://doi.org/10.1128/JCM.00510-18
https://doi.org/10.1007/s10096-024-05024-1
https://doi.org/10.1007/s10096-024-05024-1


European Journal of Clinical Microbiology & Infectious Diseases

A, Schelotto F, Varela G, Morabito S (2020) Tracing back the 
evolutionary route of enteroinvasive Escherichia coli (EIEC) and 
Shigella through the example of the highly pathogenic O96:H19 
EIEC clone. Front Cell Infect Microbiol 10:260. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​
0​.​3​3​8​9​/​f​c​i​m​b​.​2​0​2​0​.​0​0​2​6​0​​​​​​​

10.	 Hazen TH, Leonard SR, Lampel KA, Lacher DW, Maurelli AT, 
Rasko DA (2016) Investigating the relatedness of enteroinvasive 
Escherichia coli to other E. coli and Shigella isolates by using 
comparative genomics. Infect Immun 84:2362–2371. ​h​t​t​​p​s​:​/​​/​d​o​​i​
.​o​​r​g​/​1​0​.​1​1​2​8​/​I​A​I​.​0​0​3​5​0​-​1​6​​​​​​​

11.	 Zhang X, Payne M, Nguyen T, Kaur S, Lan R (2021) Cluster-
specific gene markers enhance Shigella and enteroinvasive Esch-
erichia coli in silico serotyping. Microb Genom 7:000704. ​h​t​t​​p​s​:​
/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​9​9​/​m​g​e​n​.​0​.​0​0​0​7​0​4​​​​​​​

12.	 Newitt S, MacGregor V, Robbins V, Bayliss L, Chattaway MA, 
Dallman T, Ready D, Aird H, Puleston R, Hawker J (2016) Two 
linked enteroinvasive Escherichia coli outbreaks, Nottingham, 
UK, June 2014. Emerg Infect Dis 22:1178–1184. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​
0​.​3​2​0​1​/​e​i​d​2​2​0​7​.​1​5​2​0​8​0​​​​​​​

13.	 Torpdahl M, White ED, Schjørring S, Søby M, Engberg J, Engs-
bro AL, Holt HM, Lemming L, Lützen L, Olesen B, Coia JE, 
Kjelsø C, Müller L (2023) Imported spring onions related to the 
first recorded outbreak of enteroinvasive Escherichia coli in Den-
mark, November to December 2021. Euro Surveill 28:2200572. 
https:/​/doi.or​g/10.28​07/15​60-7917

14.	 Iqbal J, Malviya N, Gaddy JA, Zhang C, Seier AJ, Haley KP, 
Doster RS, Farfán-García AE, Gómez-Duarte OG (2022) Entero-
invasive Escherichia coli O96:H19 is an emergent biofilm-form-
ing pathogen. J Bacteriol 204:e00562–e00521. ​h​t​t​p​s​:​/​/​d​o​i​.​o​​r​​g​/​​1​0​.​
1​1​2​8​/​j​b​.​0​0​5​6​2​-​2​1​​​​​​​

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.​​​​​​

25:1900466. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​2​8​0​7​/​1​5​6​0​-​7​9​1​7​.​e​s​.​2​0​2​0​.​2​5​.​9​.​1​9​
0​0​4​6​6​​​​​​​

4.	 Wongboot W, Okada K, Chantaroj S, Kamjumphol W, Hamada S 
(2018) Simultaneous detection and quantification of 19 diarrhea-
related pathogens with a quantitative real-time PCR panel assay. 
J Microbiol Methods 151:76–82. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​m​i​m​e​t​
.​2​0​1​8​.​0​6​.​0​0​6​​​​​​​

5.	 Okada K, Wongboot W, Kamjumphol W, Suebwongsa N, Wan-
groongsarb P, Kluabwang P, Chuenchom N, Swaddiwudhipong 
W, Wongchai T, Manosuthi W, Assawapatchara N, Khum-on P, 
Udompat P, Thanee C, Kitsaran S, Jirapong L, Jaiwong C, Nedsu-
wan S, Siripipattanamongkol C, Okada PA, Chantaroj S, Komukai 
S, Hamada S (2020) Etiologic features of diarrheagenic microbes 
in stool specimens from patients with acute diarrhea in Thailand. 
Sci Rep 10:4009. https:/​/doi.or​g/10.10​38/s4​1598-020-60711-1

6.	 Pasqua M, Michelacci V, Di Martino ML, Tozzoli R, Grossi M, 
Colonna B, Morabito S, Prosseda G (2017) The intriguing evolu-
tionary journey of enteroinvasive E. coli (EIEC) toward pathoge-
nicity. Front Microbiol 8:2390. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​8​9​/​f​m​i​c​b​.​2​0​1​
7​.​0​2​3​9​0​​​​​​​

7.	 Escher M, Scavia G, Morabito S, Tozzoli R, Maugliani A, Can-
toni S, Fracchia S, Bettati A, Casa R, Gesu GP, Torresani E, Cap-
rioli A (2014) A severe foodborne outbreak of diarrhoea linked to 
a canteen in Italy caused by enteroinvasive Escherichia coli, an 
uncommon agent. Epidemiol Infect 142:2559–2566. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​
r​g​/​1​0​.​1​0​1​7​/​s​0​9​5​0​2​6​8​8​1​4​0​0​0​1​8​1​​​​​​​

8.	 Herzig CTA, Fleischauer AT, Lackey B, Lee N, Lawson T, Moore 
ZS, Hergert J, Mobley V, MacFarquhar J, Morrison T, Strock-
bine N, Martin H (2019) Notes from the field: Enteroinvasive 
Escherichia coli outbreak associated with a potluck party – North 
Carolina, June–July 2018. MMWR Morb Mortal Wkly Rep 
68:183–184. https:/​/doi.or​g/10.15​585/m​mwr.mm6807a5

9.	 Michelacci V, Tozzoli R, Arancia S, D’Angelo A, Boni A, Knijn 
A, Prosseda G, Greig DR, Jenkins C, Camou T, Sirok A, Navarro 

1 3

https://doi.org/10.3389/fcimb.2020.00260
https://doi.org/10.3389/fcimb.2020.00260
https://doi.org/10.1128/IAI.00350-16
https://doi.org/10.1128/IAI.00350-16
https://doi.org/10.1099/mgen.0.000704
https://doi.org/10.1099/mgen.0.000704
https://doi.org/10.3201/eid2207.152080
https://doi.org/10.3201/eid2207.152080
https://doi.org/10.2807/1560-7917
https://doi.org/10.1128/jb.00562-21
https://doi.org/10.1128/jb.00562-21
https://doi.org/10.2807/1560-7917.es.2020.25.9.1900466
https://doi.org/10.2807/1560-7917.es.2020.25.9.1900466
https://doi.org/10.1016/j.mimet.2018.06.006
https://doi.org/10.1016/j.mimet.2018.06.006
https://doi.org/10.1038/s41598-020-60711-1
https://doi.org/10.3389/fmicb.2017.02390
https://doi.org/10.3389/fmicb.2017.02390
https://doi.org/10.1017/s0950268814000181
https://doi.org/10.1017/s0950268814000181
https://doi.org/10.15585/mmwr.mm6807a5

	﻿First recorded food-borne outbreak of gastroenteritis caused by enteroinvasive ﻿Escherichia coli﻿ serotype O8:H19 in Thailand
	﻿Abstract
	﻿Introduction
	﻿Outbreak investigation
	﻿Conclusions
	﻿References


