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Objectives: The EPIWATCH artificial intelligence (AI) system scans open-source data using automated
technology and can be used to detect early warnings of infectious disease outbreaks. In May 2022, a
multicountry outbreak of Mpox in non-endemic countries was confirmed by the World Health Organi-
zation. This study aimed to identify signals of fever and rash-like illness using EPIWATCH and, if detected,
determine if they represented potential Mpox outbreaks.
Study design: The EPIWATCH AI systemwas used to detect global signals for syndromes of rash and fever
that may have represented a missed diagnosis of Mpox from 1 month prior to the initial case confir-
mation in the United Kingdom (7 May 2022) to 2 months following.
Methods: Articles were extracted from EPIWATCH and underwent review. A descriptive epidemiologic
analysis was conducted to identify reports pertaining to each rash-like illness, locations of each outbreak
and report publication dates for the entries from 2022, with 2021 as a control surveillance period.
Results: Reports of rash-like illnesses in 2022 between 1 April and 11 July (n ¼ 656 reports) were higher
than in the same period in 2021 (n ¼ 75 reports). The data showed an increase in reports from July 2021
to July 2022, and the ManneKendall trend test showed a significant upward trend (P ¼ 0.015). The most
frequently reported illness was hand-foot-and-mouth disease, and the country with the most reports
was India.
Conclusions: Vast open-source data can be parsed using AI in systems such as EPIWATCH to assist in the
early detection of disease outbreaks and monitor global trends.

© 2023 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
Introduction

Techniques such as social media mining and news media scan-
ning using open-source data have been utilized in public health
surveillance for the early detection of new or emerging infectious
disease outbreaks.1,2 This can be useful in countries with low
diagnostic capacity or where censorship (for political reasons,
cultural stigma or for fear of impacting tourism) may result in a lack
of formal reporting.1,2 The EPIWATCH system uses artificial intelli-
gence (AI) to harness open-source data, such as media reports,
press releases, official reports and social media, for early epidemic
signals and can provide an early warning for emerging infectious
disease outbreaks.1e3 It scans vast, open-source data for diseases
and clinical syndromes using two AI subsystems.4
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On 7May 2022, a case of Mpox was confirmed in England by the
United Kingdom Health Security Agency (UKHSA) in a person with
recent travel history to Nigeria.5 On 21 May 2022, theWorld Health
Organization confirmed a multicountry outbreak of Mpox in 12
non-endemic countries, mostly in Europe, with no established
travel links to endemic areas in the African continent, suggesting
local transmission.5 As of 29 November 2022, there weremore than
81,000 cases with 56 deaths globally in this outbreak, peaking in
June 2022, with the majority of cases reported from Europe and the
United States (USA).6 As of 29 November 2022, Mpox had spread to
110 countries, of which 103 had not previously reported Mpox.6

Human Mpox was first detected in 1970 in the Democratic Re-
public of the Congo (DRC), and there have been subsequent epi-
demics in Central and West Africa, with a significant resurgence of
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cases in Nigeria and the DRC since 2017.7 The increasing number of
infections in previously endemic and non-endemic countries has in
part been attributed to the growing number of people without
orthopoxvirus immunity due to both the accumulation of unvac-
cinated people since the smallpox vaccination ceased following
eradication in 1980 and waning of immunity from smallpox vac-
cines, which protect against Mpox.8,9

In the 2022 outbreak, the epidemiological situation was further
complicated by the atypical presentation of Mpox symptoms
compared with previous outbreaks.10 The main feature of Mpox is a
vesicular-pustular rash characterized by multiple lesions on the
face, hands and feet.9 In a study of more than 500 cases in the
current epidemic, while a rash was reported in 97% of cases, 64% of
cases had less than 10 lesions, with 10% having only a single
lesion.10 The most common sites of the rash were the anogenital
region, followed by the trunk, extremities and face.9,10 Other pre-
senting features of Mpox include a prodrome of fever, lethargy,
headache and lymphadenopathy, which can differentiate Mpox
from chickenpox.9,10 These clinical features are shared with more
common viruses such as varicella, measles, herpes simplex, sec-
ondary syphilis and hand-foot-and-mouth disease.11

Many physicians in non-endemic countries have minimal or no
experience with Mpox and may misdiagnose it as another rash and
fever illness. In a 2022 study of Italian medical professionals, it was
shown that there were significant knowledge gaps on all aspects of
Mpox infections, including systemic complications, rash distribu-
tion and use of vaccination as a preventative measure.12 Another
study of university medical students reported that of 11 Mpox
knowledge items, only three were correctly identified bymore than
70% of respondents and only 26.2% knew that vaccination against
Mpox was available.13 Clinical diagnostic errors may also cause
misdiagnosis of Mpox cases for other rash-like diseases such as
varicella. In Central Africa, Mpox was misdiagnosed as varicella in
up to 50% of the confirmed cases.14 Reasons identified for the
misdiagnoses include clinician difficulty differentiating between
Mpox and other rash-like illnesses, poor laboratory testing capac-
ities especially in low-resource settings, low rates of health seeking
behaviour, and test refusal due to social stigma in certain
communities.15e17

International case definitions have primarily focused on people
who identify as gay, bisexual or men who have sex with men
(MSM), collectively GBMSM, or has had one or more sexual part-
ners in the preceding 21 days.18 Mpox infection can occur in anyone
following close physical contact with a person with Mpox, or even
clothing and bedding items that have been in contact with le-
sions.9,18 In the 2022 epidemic, there were documented cases in
women and children, with at least 83 cases in children recorded in
the USA as of 24 September 2022, including 28 children aged 0e12
years.18e20 Restrictive case definitions may lead to restricted testing
and, therefore, under-ascertainment of the extent of the early
stages of the 2022 epidemic.18,21

Due to the possibility that Mpox may be misdiagnosed as other
illnesses with rash and fever and that countries with weak sur-
veillance systems may not have complete ascertainment of Mpox,
in this studywe aimed tomonitor trends in rash-like illnesses using
EPIWATCH during the time period prior to, and coinciding with, the
MPX outbreak.

Methods

This study involves three parts 1) search of the EPIWATCH early
warning system, 2) data extraction and screening and 3) descriptive
analysis and time series analysis of the rash-like illnesses reported
prior to and during the 2022 Mpox epidemic, which began on 7
May 2022.
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The EPIWATCH system

EPIWATCH is a curated open-source, AI-based outbreak obser-
vatory that searches vast quantities of media reports, press releases,
official reports and social media for early detection of outbreaks of
infectious diseases.4 The collected data undergoes human review,
with a trained analyst screening the article for outbreak informa-
tion including disease, syndrome or symptoms of human or zoo-
notic disease, case numbers, location and date.1,2 If outbreak
information is validated, a ‘report’ is entered onto the EPIWATCH
database.1,2 This removes irrelevant articles. EPIWATCH can be used
to detect early reports of potential outbreaks through publicly
available sources in settings with inadequate or absent disease
surveillance.1e3 The system has been used to collect outbreak data
since 2016 and has been further enhanced by AI and machine
learning.1,2,4 Searches can be tailored for specific languages or re-
gions as well as for specific infectious disease syndromes. The
EPIWATCH observatory was developed at University of New South
Wales Sydney (UNSW) and is managed by staff at the Biosecurity
Program, The Kirby Institute, UNSW.4

Search strategy

In consultation with the EPIWATCH team, we considered po-
tential candidates for misdiagnosis of Mpox, namely diseases and
syndromes with clinical features of rash-like illness, and used the
EPIWATCH system to identify possible trends in the month leading
to the first case identified in the United Kingdom and during the
ongoing outbreak. Symptom-related terms such as ‘acute fever and
rash’, ‘fever of unknown origin’ and a list of differential diagnosis
for Mpox inclusive of ‘hand, food and mouth disease (HFMD)’,
‘varicella’, ‘herpes simplex’, ‘measles’, ‘syphilis’, and ‘tomato flu/
fever’ were searched. ‘Tomato Flu/Fever’, a term used in India for a
rash and fever illness, was also included in this analysis due to lack
of case definition at the time and the characteristics of mucocuta-
neous blisters.22 Table S1 presents the list of the illnesses and their
characteristics in the supplementary material. The searches were
conducted for the period of 1 April 2022 to 11 July 2022, to capture
the period 1 month prior to and 2 months following the first
identified case in the United Kingdom of this outbreak.

Data were collected for comparison to the same period in the
previous year (1 April 2021 to 11 July 2021) as a comparator.
Monthly total reports for rash-like illnesses from the EPIWATCH
systemwere collected for the 43 months from January 2019 to July
2022 for a time-series analysis.

Data extraction and screening process

All articles in non-English languages are autotranslated to En-
glish in the EPIWATCH system. These were extracted into a
Microsoft Excel spreadsheet and reviewed. There were a total of
2187 reports in the initial search for the 2019e2022 surveillance
period. From title screening for relevance, 57 duplicate entries were
removed. Articles related to diseases not in the search list were also
removed (n ¼ 73).

Data analysis

A descriptive epidemiologic analysis was conducted using
Microsoft Excel to identify the number of reports pertaining to each
rash-like illness, the locations of each outbreak and time of publi-
cation of the reports for the entries from the 2021 (n ¼ 75) and
2022 (n ¼ 656) surveillance periods. The locations were ranked
according to the number of associated reports in 2022, and the top
eight were selected for further analysis. If the information was
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available, additional information such as Mpox case numbers,
diagnostic capabilities and smallpox vaccination coverage was also
included and is presented in Table S2 in the supplementary
material.

The percentage increase in the number of reports across the
years 2021 and 2022 was compared. A time-series analysis using
the ManneKendall test using XLSTAT software23 was used to detect
the changes in trend from reports of rash-like illnesses from
January 2019 to July 2022. IBM SPSS Statistics, Version 22, was
used,24 and to identify if the change was significant, a P-value of
0.05 was applied.

Results

There were 656 reports of rash and fever illness made between
the dates 1 April 2022 and 11 July 2022, which were included in the
analysis. Results from the surveillance period are shown in Fig. 1a,
with Fig. 1b comparing the total number of reports with the pre-
vious year (2021) over the same time period for comparison
(n ¼ 75).

For each search term, the number of reports were as follows:
HFMD (n¼ 191), varicella (n¼ 84), herpes simplex (n¼ 0), measles
(n ¼ 175), syphilis (n ¼ 56), acute rash and fever (n ¼ 8), fever of
unknown origin (n ¼ 47) and tomato flu/fever (n ¼ 96).

The number of reports per country for the 2022 surveillance
period and per search term for the 2021 and 2022 surveillance
Fig. 1. a. Global reports of a rash-like illness over the 2022 surveillance time period (1 Ap
surveillance time period (1 April to 11 July 2022 and 2021).
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period are included in Tables S3e5 in the supplementary material.
The geographical distribution of reports made during the surveil-
lance period is demonstrated in Fig. 2. Table 1 summarises infor-
mation related to the Mpox outbreak status of the top eight
countries ranked by report.

Reports were analysed from the EPIWATCH system from January
2019 to July 2022. Fig. 3 presents the variation in reports per month
for rash-like illnesses over this time period. The data showed an
increase in reports from July 2021 to July 2022, and the
ManneKendall trend test showed a significant upward trend
(P ¼ 0.015).

Discussion

The number of reports about rash-like illnesses in 2022 between
1 April and 11 July (n ¼ 656 reports) was much higher (775% in-
crease) than the same time period in 2021 (n ¼ 75 reports). The
observed peak in reports of rash-like illnesses in 2022 occurred
between 6 May and 13 May 2022 coinciding with the early reports
of cases of Mpox in the United Kingdom in the current outbreak.
HFMD was the most frequently reported diagnosis, of which there
were multiple ongoing outbreaks in Malaysia at the time, with 32
times more cases reported compared to the same period the pre-
vious year.25 India had the most reports, ranging from ‘tomato flu/
fever’, a colloquial term for the rash associated with dengue, HFMD
or other illnesses with fever and rash,22 a varicella outbreak, and
ril to 11 July 2022). b. Comparison of global reports of a rash-like illnesses over the



Fig. 2. Geographical distribution of reports during the surveillance period (1 April to 11 July 2022). Note e circles denote regional clusters, blue pins are single locations/cases. (For
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article).

Table 1
Top eight countries (by number of EPIWATCH reports collected during surveillance
period) and confirmed Mpox cases as of 30 November 2022.

Country EPIWATCH reports 1/4e11/7/22 MPX confirmed cases 30/11

India 181 17
Malaysia 135 0
USA 31 29,325
Japan 30 7
Brazil 26 9905
Afghanistan 23 0
Indonesia 16 1
Ukraine 16 5

D. Hutchinson, M. Kunasekaran, A. Quigley et al. Public Health 220 (2023) 142e147
reports of ‘fever of unknown origin’. The majority of reports
collected in the EPIWATCH system for rash-like illnesses were in
Asia (India ¼ 181, Malaysia ¼ 135), and not in the countries of
Europe and North America (USA ¼ 31) where there was docu-
mentedwidespread transmission of Mpox. Subsequent reporting of
Fig. 3. A time series analysis of total monthly reports for rash-like illne
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Mpox cases in India total 17 as 29 November 2022.6 However,
diagnostic capability is higher in the USA and Europe, and it is
possible in low- and middle-income countries that Mpox was
misdiagnosed.

Inadequate diagnostic capability in low resource settings has
been identified as a factor which may lead to underreporting or
misdiagnosis,21,26 and testing capacity was low in several of the
countries in our analysis (see Table S3). However, there has also
been a lack of testing in high-income countries, potentially due to
restricted case definitions, lack of knowledge by primary health
care providers leading to misdiagnosis, and stigma around the
disease.26 The majority of Mpox cases in the current outbreak have
been identified in MSM.18,21 International case definitions have
defined a probable Mpox case as anyone with an unexplained rash
or lesion(s) and has either a recent epidemiological link to a
probable case of Mpox, or identifies as a MSM, or has had one or
more new sexual partners in the 21 days before symptom
onset.18,27 This case definition may exclude women and children
ss extracted from the EPIWATCH system January 2019eJuly 2022.
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who had no travel history or contact with confirmed infection, and
may lead to misdiagnosis.18,19

The 2022 Mpox epidemic peaked in the middle of 2022 and has
since waned.

While the signals for rash-like illnesses did not correspond to
the countries experiencing the highest burden of the Mpox
epidemic, we were looking for signals in low-income countries
where surveillance may not be as complete and timely as in the
high-income countries that were affected by Mpox in 2022. Clini-
cians may be unfamiliar with symptoms of orthopoxvirus in-
fections; therefore, the signal we demonstrated can be used to
prompt a formal investigation for Mpox and other rash and fever
illnesses.

Advances in synthetic biology make it possible that ortho-
poxviruses could be used as bioweapons.28,29 A system like EPI-
WATCH can be used to monitor for a sudden increase in rash and
fever presentations, or any other clinical syndrome, as an early
warning of an outbreak and a trigger for timely investigation.

This study includes several limitations. The EPIWATCH system is
designed to observe an early-warning signal of a potential infec-
tious disease outbreak through the use of syndromic surveillance;
therefore, the data that are collected do not represent case numbers
or an epidemic curve but report about a syndrome or disease. There
is almost certainly reporting bias due to increasing media aware-
ness leading to increased reports rather than actual increase in
disease occurrence. Open-source data are not validated and are not
intended to replace traditional diagnostics or surveillance but to be
a trigger for more timely investigation of potential epidemics. Early
identification of epidemics results in a more feasible prospect of
containment. A strength of our methodology is that open-source
intelligence can overcome weak surveillance systems. The EPI-
WATCH system uses AI to scan vast quantities of open-source data
continuously for diseases and syndromes in 52 languages, which
could not be processed manually due to the volume of data.
Outbreak signals are reviewed and collated in a weekly digest by a
group of trained analysts. The online dashboard is publicly available
and updated in real time.

Conclusion

Considering the overlapping clinical characteristics within the
case definitions of Mpox, hand-foot-and-mouth disease and vari-
cella, it is possible that Mpox and other orthopoxviruses may be
misdiagnosed as another viral illness, particularly in countries with
low diagnostic capacities in poor resource settings. Open-source
intelligence can be used to monitor for outbreaks of fever and
rash-like illnesses, especially in countries without widespread
testing capacity. The utility of open-source data from syndromic
surveillance systems such as EPIWATCH could be used in early
warning of emerging outbreaks and to inform international public
health responses, such as increasing testing capacities and directing
resources and investigations to resource-poor settings to curb the
spread of infectious diseases with epidemic potential.
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