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Abstract

In 2016, an outbreak of paratyphoid fever occurred in 40 cases at Qingyang town, in China. A
case-control study was carried out to determine the source of this outbreak. Case-control study
was conducted to identify the risk factors of this outbreak. The cases were identified as patients
with isolation of S. Paratyphi, controls were confirmed cases’ healthy classmates, colleagues or
neighbors and matched by age (+5 y) and gender. Pulsed-field gel electrophoresis was per-
formed to source tracking. Totally, 40 cases were reported: 24 cases were students, and 20
(20/24) of them were Qingyang High School students. For the case-control study, consuming
Chinese egg pancakes was detected as a risk factor (OR;.; = 5.000; 95% CI: 1.710-14.640), and
hand-washing before meals was protective behavior compared with seldom hand-washing
(OR;.; =23.256; 95% CI: 2.451-200.000). S. Paratyphi was cultured from a well water sample
used for washing contents of the pancakes. Isolates from well water and paratyphoid cases
showed the same PFGE patterns. Contaminated well water and Chinese egg pancakes were
likely source and vehicle of this outbreak. Health education, especially handwashing, and food
safety supervision should be promoted particularly in schools.

Typhoid fever and Paratyphoid fever are life-threatening intestinal infectious diseases caused by
Salmonella enteric serotype Typhi (S. Typhi) and Salmonella enteric serotype Paratyphi (S.
Paratyphi), respectively. Humans are the only host and bacteria reservoir, and the transmission
of S. Typhi and S. Paratyphi occurs by means of the ingestion of water or food contaminated by
feces of infected persons or asymptomatic carriers.! Safe water, food, and hand hygiene are,
therefore, the most important measures to prevent typhoid fever and paratyphoid fever effec-
tively. The incubation period can range from 3 to 60 d with an average of 14 d for typhoid and 2-
15 d for paratyphoid. The signs and symptoms of the diseases include persistent fever, fatigue,
headaches, gastrointestinal reaction, and some life-threatening complications, such as intestinal
bleeding, perforation, and consequent peritonitis.*®

Globally, typhoid and paratyphoid are still significant contributors to morbidity and mortal-
ity, especially in developing countries.>® According to the research of Mogasale et al., almost half
of typhoid and paratyphoid morbidity and mortality are from low- and middle-income coun-
tries in 2010, with 11.9 million cases and 129,000 deaths.” China was an endemic area with an
incidence rate ranged between 10 and 50 per 100,000 populations before 1990. With the imple-
mentation of the Patriotic Health Campaign and improving drinking water and lavatories by the
Chinese government, there has been a marked reduction in enteric diseases in China. The inci-
dence rate of typhoid and paratyphoid dropped to 0.65/100,000 and 0.21/100,000, respectively,
in 2015. There are also approximately 10 outbreaks of typhoid or paratyphoid occurred in China
every year.%? In 2010, a large-scale outbreak involving 601 cases of paratyphoid fever caused by
hospital-derived transmission occurred in Yuanjiang county in southern China.!® Outbreaks of
typhoid and paratyphoid fever have rarely occurred in economically developed areas of China.

On December 5, 2016, staff of Wuxi Centers for Disease Control and Prevention (CDC)
noticed an abnormal report of paratyphoid fever at Qingyang town in eastern China.
Between December 3, 2016, and January 13,2017, a total of 40 Qingyang residents were reported
as paratyphoid fever cases. Subsequently, an epidemiologic investigation was conducted for this
paratyphoid outbreak. The objectives of this study were to identify the source and vehicle of this
outbreak to implement control measures timely and effectively.
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Methods
Study Area

Qingyang town is administered by Wuxi city, in which the per cap-
ita gross domestic product of citizens exceeded 20,000 U.S. dollars.
The town is located on the southern bank of the Yangtze River with
a subtropical monsoon climate. It covers an area of 68 square kilo-
meters and governs 15 villages and 4 residential communities with
a total population of approximately 90,000. According to the data
from the China Information System for Disease Control and
Prevention, a total of 5 typhoid patients and 1 paratyphoid patient
were reported at Qingyang town from 2006 to 2015. Although
clean tap water is supplied for every family, for economic reasons,
the residents still have a habit of using shallow well water in daily
life. The main reason is that shallow well water is free, so some peo-
ple prefer to use shallow well water in daily life.

Case Definition and Epidemiological Investigation

In the current epidemiologic investigation, a suspected case was
defined as a resident of Qingyang town who had a fever (>38°
C) of unknown origin for >3 d since November 8, 2016, with head-
ache, fatigue, and gastrointestinal reaction. A probable case include
the suspect case criteria with at least 1 of the followings: (1) unex-
plained sustained fever or recurrent fever >39°C for >5 d; (2) any
signs of apathy, relative bradycardia, roseolas, and hepatospleno-
megaly; (3) eosinopenia and normal or decreased total white blood
cell count; (4) TO antigen was > 1:80, and TH antigen titer was
> 1:160 in the Widal reaction. Confirmed cases were defined as
those suspected or probable cases with isolation of S. Paratyphi
from the stool or blood culture.!' Once a suspected case was
reported, the blood sample was collected and referred to the micro-
biology laboratory at Wuxi CDC for blood culture. For confirmed
cases, an epidemiological investigation was conducted to find out
potential risk for paratyphoid. The questionnaire content included
exposure history about food and water consumption, and personal
hand hygience habits. The questionnaire was checked after an
investigation, and the data were recorded in double-track ways
by EpiData 3.1 software for analysis.

Case-Control Study

To test the deduction generated from the epidemical investigation,
this study performed a 1:1 matched case-control study on January
3, 2017. Controls were classmates of confirmed paratyphoid fever
cases’ healthy classmates, colleagues or neighbors who never had
any symptoms of paratyphoid from December 2016 to January
2017. They were randomly selected and matched by gender and
age (+5y).The interviews used a structured questionnaire to collect
the information on the street-vended food exposure from the case
group and control group.

Laboratory Investigations

The investigators collected environmental samples of street-ven-
dors using water and suspected food and vegetables for bacteria
culture. Bacterial isolation and identification referred to profes-
sional standard methods in diagnostic criteria for typhoid and par-
atyphoid fever.!> Pulsed-field gel electrophoresis (PFGE) was
performed on the strains cultured in environmental samples and
patients’ samples to identify the source and vehicle of this outbreak.
PFGE was conducted according to the standard protocol devel-
oped by the United States CDC for molecular typing, the results
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were analyzed using BioNumerics software (version 2.5, Applied
Maths, Kortrijk, Belgium).

Ethical Considerations

This investigation was performed in response to a public health
emergency, and based on the Regulation on the Urgent
Handling of Public Health Emergencies,' formal ethical approval
was not required. But verbal consent was obtained from all partic-
ipants before the interview and sampling. Parents or guardians of
participants under 15y granted consent on their behalf and accom-
panied them during the interview. Consent was recorded on the
questionnaire using the participant’s and/or guardian’s signature.
All participants were informed of their rights according to the law
outlined above. The study can confirm that all data, including all
questionnaires and samples, were gathered following the Guideline
for Paratyphoid Outbreak

Reports and Investigation, issued by the Department of Health
of Jiangsu Province, China. No additional data were acquired by
the authors, and no participant identifying information was asso-
ciated with the reported data.

Statistical Analysis

Descriptive epidemiologic analyses were performed to generate
hypotheses on risk factors for paratyphoid, the spatial distribution
of the cases was illustrated by Google Earth. In analyzing the data
from the case-control study, conditional logistic regression was
used to account for the matched case-control study design and
to reduce confounding. Data analyses were conducted by R3.5.1,
the case-control study was using the “survival” package.
Statistical significance was designated as a P < 0.05.

Results
Descriptive Epidemiology

The index case of this paratyphoid outbreak, a 28-y-old male
worker, was reported on December 3, 2016. By January 13,
2017, a total of 40 lab-confirmed paratyphoid fever cases were
reported in Qingyang town. Among all the cases, 18 were males
and 22 were females, with a male-to-female ratio of 1:1.22. The
age of paratyphoid patients ranged from 8 to 63 y old, with a
median age of 17. Over half of the cases (24/40; 60.00%) were stu-
dents, and 20 (20/24; 83.33%) of them were Qingyang High School
students. There were also 12 workers diagnosed with paratyphoid
fever and reported.

As shown in Figure 1, the first case began showing symptoms on
November 23, 2016. Subsequently, the number of patients had
increased. On December 8, 2016, the selling of street-vending food
was prohibited. The number of paratyphoid cases decreased rap-
idly in the ensuing days. The spatial distribution of the cases are
presented in Figure 2. Two populated areas of paratyphoid cases
were observed, with 1 located in Qingyang High School and the
second area around the other sale point of street-vendor A. In
the research team hypothesis-generating investigation of patients,
consumption of street-vended food Chinese egg pancakes made in
unhygienic conditions was often reported. In the first 2 wk before
onset, 77.50% (31/40) patients had eaten Chinese egg pancakes.
Therefore, we hypothesized that street-vended food was the most
potent vehicle of this outbreak.
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Figure 1. The epidemic curve for the paratyphoid outbreak at Qingyang town in China.

Figure 2. The map of paratyphoid cases at Qingyang town in China.

Clinical Symptoms

All paratyphoid cases were mild, with no severe cases and death.
They all had a fever with a mean duration of 7 d (range, 3-15
d), and most of them (33/40; 82.5%) had a body temperature over
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39°C (Table 1). Other predominant signs and symptoms were
headache (75.0%), dizziness (72.5%), chills (65%), diarrhea
(42.5%), nausea (35.0%), and constipation (32.5%). Among 31
cases with Widal reaction, 77.42% (24/31) cases’ TO antigen titer
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Table 1. Clinical features of paratyphoid cases at Qingyang town (N=40)

Q Zhang et al.

Fever 100.0 Widal reaction (N=31)
>39°C 33 82.50 TO antigen titer >1:80 24 77.42
>5day 31 77.50 TH antigen titer>1:160 12 38.71
Headache 30 75.00
Dizziness 29 72.50 Blood routine (N=29)
Chills 26 65.00 Eosinopenia 29 100
Diarrhea 17 42.50
Nausea 14 35.00
Constipation 13 32.50
Vomiting 9 22.50
Bellyache 8 20.00
Abdominal distension 5 12.50
Table 2. 1:1 Conditional logistic regression analysis of factors associated with Dice (Opt:1.50%) (Tol 1.5%-1.5%) (H>0.0% S5>0.0%) [0.0%-100.0%]
the paratyphoid outbreak at Qingyang town in China PFGE-Xbal PFGE-Xbal
Age Gender Samples

"III I I% SM851 18 years female blood
Chinese (77.78)  12(3333) 5000 1711463  0.003 UL smes2 2Byears  male e
egg I "ll} l| SM853 18 years male blood
pancakes NI smes4 17years  female blood
Cooked 5(13.89) 12 (33.33) 0.300  0.083-1.090 0.067 " ll SM8a58 well water
— |‘nnnn;|
Raw 2 (5.56) 6 (16.67) 0.333 0.067-1.652 0.178
vegetables Figure 3. PFGE patterns of the S. Paratyphi A isolates from 5 cases and well water of
Restaurant street-vendor A.
Never 19 (52.78) 19 (52.78) Reference
Seldom 13 (6.11) 14 (38.89) 0909 0.349:2.370 0845 compared with 58.33% of healthy controls (OR = 23.256; 95% CI:
Often 4 (11.11) 3 (8.33) 1.472 0.243-8.899 0.674 2.451_200.000).
Hand-
washing
Before Laboratory Investigations
meals - The investigators collected 15 water samples and 67 food samples
Every time 9 (25.00) 21 (58.33) Reference from 2 suspected street-vendors around Qingyang High School
Site AL 30 AN il IS 5 2 and Qingyang food market. Laboratory testing of 67 food samples
Seldom 12 (33.33) 2(5.56) 23.256 2.451-200.00 0.006 failed to recover any S. Paratyphi. On December 15, S. Paratyphi
After using was cultured from a well water sample, which was collected from
ot the home of street-vendor A. The PFGE patterns showed that iso-
ELET A=A SCEIEIE lates from paratyphoid cases and isolate of well water were
Often 10 (27.78) 4 (11.11)  3.999  0.849-18.828  0.080 homologous (Figure 3).
Seldom 5 (13.89) 0(0.00)  0.000  0.000- 0.995

>1:80, and 38.71% (12/31) cases’ TH antigen titer > 1:160. All
cases were cured with standardized treatment and discharged.

Case-Control Study

For the 1:1 case-control study on January 3, 2017, 36 paratyphoid
cases and 36 healthy controls were enrolled. Table 2 shows the
results of the risks associated with the paratyphoid outbreak.
We found that 77.78% of paratyphoid cases compared with
33.33% of healthy controls consumed locally street-vended food
Chinese egg pancakes (odds ratio [OR] =5.00; 95% confidence
interval [CI]: 1.710-14.630). For a habit of hand-washing every
time before meals, it was a protective behavior with 25.00% of cases
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Intervention and Termination of the Outbreak

Once the abnormal increase in the number of paratyphoid fever
was identified, the following control measures were taken to inter-
rupt the transmission of paratyphoid at Qingyang town. Citywide
active surveillance of paratyphoid fever was carried out to timely
find cases. Standard procedures of paratyphoid treatment and iso-
lation were performed immediately for all patients. Bacteria culture
of stool was performed on close contacts of confirmed cases. On
December 8, 2016, local authorities started prohibiting street-
vending. For environmental disinfection, the residence of patients
was defined as an infected premise, and local CDC staff sterilized
all the infected premises and other places that might be contami-
nated by paratyphoid patients; meanwhile, CDC staff developed
comprehensive disinfection across the village, including wells, sep-
tic-tanks, dustbins, and pools. And at our recommendation, local
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authorities closed all wells. The citywide public health education
was also performed, especially in schools. On December 27,
2016, the outbreak was controlled using the above control
measures.

Discussion

The current investigation found the cause of the paratyphoid out-
break to be the consumption of local street-vended food Chinese
egg pancakes in the Qingyang town in China. Although the strain
was not recovered from the food, S. Paratyphi A was cultured from
a well water sample of street-vendor A, which was used to wash the
ingredients of Chinese egg pancakes.

According to the global burden of typhoid fever, waterborne
typhoid and paratyphoid fever affect millions of people every year.
Especially in developing countries, large-scale outbreaks of the dis-
ease were sometimes occurred with consuming contaminated
water and incompletion sanitation system."'*!” From January
to June in 2015, a large and persistent outbreak of typhoid fever
was reported in Uganda, with 10,230 suspected, 1038 probable,
and 51 confirmed cases, the reason was identified as consuming
contaminated water and street-vended beverages.!®> Although the
drinking water, sanitary protection, public health measures, and
food safety control and supervision have been greatly improved,
the outbreaks of typhoid or paratyphoid still occurred in China
every year.” The reasons are as follows: First, people in hilly and
rural areas still drink well water or groundwater, which are also
used to wash food and irrigate vegetables. These unprotected
sources of water are easily contaminated by unsafe disposal of
excreta and solid waste. In 2010, Yuanjiang CDC reported a
large-scale paratyphoid outbreak involving 601 cases, caused by
untreated hospital wastewater to irrigate vegetables.'” In the cur-
rent outbreak of paratyphoid fever, although clean tap water is sup-
plied for every family, some residents prefer to use shallow well
water in daily life, like washing food and clothes or tidying the
rooms, because shallow well water is free. Second, consumption
of street-vended food with unhygienic conditions is common in
China, particularly in rural areas and schools. According to an
analysis of epidemiological characteristics and risk factors of
typhoid and paratyphoid outbreaks in China from 2004 to
2007,'% most outbreaks occurred in rural areas (44.16%) and
schools (33.77%), especially in township middle schools
(53.84%). Therefore, except strengthening health promotion, the
government should continue to improving drinking water and lav-
atories in urban villages and rural areas. In addition, local author-
ities should close all shallow wells and public water pumps to
protect people from those unprotected sources of water. And in
the high-incidence season of intestinal infectious disease, the gov-
ernment could conduct food safety special rectification regularly,
especially around the school.

Although the ingestion of contaminated water or food plays a
crucial role in the transmission of typhoid and paratyphoid,'®!>!8
close contact transmission patterns should not be neglected. In the
current outbreak, some cases were in close contact with the para-
typhoid case before onset. And the epidemic curve of this outbreak
showed 4 peaks, and the interval between peaks was approximately
1 average incubation period for paratyphoid. It may be suggested
that not only a point source but also a person-to-person by close
contact transmission pattern might exist in this outbreak. Because
paratyphoid cases commonly have mild clinical symptoms,*®
patients will not get standard procedures of treatment immedi-
ately. It could lead to disease spread by person-to-person
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transmission pattern. Therefore, once typhoid and paratyphoid
cases were detected, all patients must be kept in isolation promptly,
and the close contacts should be monitored and investigated to
avoid effectively and swiftly spreading of the disease.

In the case-control study of the current outbreak, a habit of
hand-washing every time before meals was a protective behavior.
However, over half of the cases were students, and most of them
were High School students. It indicated that a serious deficiency
of health education occurs in schools of China. In an analysis of
typhoid and paratyphoid outbreaks in China from 2004 to 2007,
26 outbreaks occurred in schools, particularly in township middle
schools (53.84%). Students in those schools had a habit of drinking
raw water and eating street-vended food around schools.!® It sug-
gested that school health professionals should regularly conduct
health education of personal hygiene practice and a healthy diet
to prevent infectious diseases, especially in a high-incidence season
of intestinal infectious disease.

Furthermore, there were still some limitations of the study:
First, the antibiotic susceptibility testing of all isolates from cases
in this outbreak was not conducted. According to an analysis of the
drug resistance of S. Typhi and S. Paratyphi in Jiangsu Province,'
the pathogen was sensitive to ciprofloxacin and resistant to nali-
dixic. However, in the paratyphoid outbreak in Yunnan
Province,'” patients infected with S. Paratyphi A experienced poor
response or failure treatment with ciprofloxacin. It indicated that a
drug-resistant susceptibility test on every patient who had a pos-
itive culture is very important to realize the changes of bacterial
resistant profile to failure therapy especially at or above the provin-
cial level. Second, there were not enough resources to perform
genomic analyses. Whole-genome sequencing can provide more
accurate information than PFGE to track the origins and dynamics
of outbreaks. In addition, genomic analyses could also reveal
pathogen evolution and the genes which confer antibiotic resis-
tance on bacteria. Finally, in the investigation of the outbreak,
the data were based on self-reports, therefore, recall bias of cases
and controls could not be avoided.

Conclusions

In S. Paratyphi A outbreaks, augmentation of resources early in the
investigation including environmental testing, whole genome
sequencing, and susceptibility testing would efficiently and effec-
tively provide for identification of the processes that contributed
to the outbreak and allow for remediation of the causes.
Remediation of potential causes should be implemented pending
confirmation from the investigation. Contaminated well water
and Chinese egg pancakes were the likely source and vehicle of this
outbreak. According to our recommendation, local authorities
closed all wells and prohibited street-vending. Health education,
especially handwashing, and food safety supervision should be
promoted to prevent such outbreaks, particularly in schools.
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