
Emerging and reemerging pathogens causing infec-
tious diseases in human and animal populations 

are an ongoing and substantial public health threat. 
The threat is particularly relevant as climate change 
and land use alter patterns of illness and increase 

the frequency of high-consequence zoonotic infec-
tion spillover into human populations (1). Traditional 
surveillance systems (2) often rely on validated data 
from laboratories or hospitals. Approaches that do not 
depend on laboratory confirmation, such as clinical 
syndromic or sentinel surveillance, can provide ear-
lier warnings of outbreaks and detect signals of newly 
emerged infections for which no diagnostics are yet 
available. Such approaches can overcome the lack of 
robust traditional surveillance and limited testing ca-
pabilities for many diseases in resource-poor settings.

Open-source epidemic intelligence (OSINT) is the 
collection, analysis, and use of information from open 
sources such as news media, websites, or social media 
(3). OSINT provides an alternative method for syn-
dromic surveillance. Such surveillance can enhance 
early detection of novel emerging infections (e.g., SARS-
CoV-2 in 2020), missed outbreaks of known pathogens, 
or delayed reporting via traditional surveillance.

Novel infections will initially emerge as an ill-
ness or syndrome of unknown cause before diagnos-
tic tests are developed. If diagnostic capabilities are 
limited, even for known illnesses, a cause may not be 
identified for many outbreaks. According to a study 
of 109 outbreaks of unknown cause identified dur-
ing 2016–2019, a cause was later confirmed for only 
18% of the outbreaks; the most frequently identified 
pathogens were measles virus, Nipah virus, noro-
virus, and influenza virus (4). The lack of pathogen 
identification for >80% of outbreaks is concerning, 
underlining the value of syndromic surveillance. The 
outbreaks could be sporadic zoonotic outbreaks with 
no available diagnostics, emerging infections of pan-
demic potential, or outbreaks in low-resource coun-
tries with weak health systems.

Knowledge of the incidence, burden, and iden-
tified causes of outbreaks of unknown etiology is 
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Epidemic surveillance using traditional approaches is de-
pendent on case ascertainment and is delayed. Open-
source intelligence (OSINT)–based syndromic surveil-
lance can overcome limitations of delayed surveillance 
and poor case ascertainment, providing early warnings 
to guide outbreak response. It can identify outbreaks of 
unknown cause for which no other global surveillance ex-
ists. Using the artificial intelligence–based OSINT early 
warning system EPIWATCH, we describe the global 
epidemiology of 310 outbreaks of unknown cause that 
occurred December 31, 2019–January 1, 2023. The 
outbreaks were associated with 75,968 reported human 
cases and 4,235 deaths. We identified where OSINT sig-
naled outbreaks earlier than official sources and before 
diagnoses were made. We identified possible signals of 
known disease outbreaks with poor case ascertainment. 
A cause was subsequently reported for only 14% of out-
breaks analyzed; the percentage was substantially lower 
in lower/upper-middle–income economies than high-in-
come economies, highlighting the utility of OSINT-based 
syndromic surveillance for early warnings, particularly in 
resource-poor settings.
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essential. Such data cannot be collected routinely 
because they are not collected by traditional surveil-
lance methods. Syndromic surveillance could ad-
dress that gap; however, when conducted as part of 
routine national surveillance programs, syndromic 
surveillance is often restricted to clinical rather than 
community settings and to specific syndromes only 
(e.g., influenza-like illness) (5). OSINT-based syn-
dromic surveillance can provide broader insights 
into the frequency and outcomes of outbreaks of 
unknown cause across the globe, providing a useful 
epidemiologic tool for the timely detection of infec-
tious disease outbreaks, thus providing rapid out-
break alerts, guiding early responses, and minimiz-
ing disease spread (6,7).

EPIWATCH (https://www.epiwatch.org) is an 
artificial intelligence–based surveillance system that 
collects and processes vast amounts of multilingual 
OSINT data from news media and publicly available 
online sources worldwide to provide early warnings 
about potential outbreaks (8). EPIWATCH has been 
evaluated extensively and found to be a valid tool 
for epidemic surveillance and early warnings (8–10). 
EPIWATCH provides accurate information regard-
ing trends and case numbers, particularly when case 
ascertainment has been poor (11), making it ideal for 
broad syndromic surveillance.

We used the EPIWATCH database to analyze re-
ports of unknown and syndromic disease outbreaks 
to describe the epidemiology of those reported out-
breaks globally during 2020–2022. No ethics appli-
cation was required for this study because publicly 
available aggregate data were used.

Methods

Search Strategy
We curated a list of search terms and syndromes re-
flecting outbreaks of unknown cause based on similar 
work from existing literature (4) and discussion with-
in our expert panel (authors D.H., A.Q., A.C., and 
D.G.) to add relevant terms (Table 1; Figure 1). We 
retrieved a dataset from the EPIWATCH database by 
using those search terms to locate articles published 
during December 31, 2019–January 1, 2023. We de-
fined an outbreak of unknown cause as an outbreak 
for which the cause was unknown at the time of the 
outbreak and the suspected cause was an infection 
with >2 linked cases.

Inclusion and Exclusion Criteria
We filtered articles according to the presence of any 
of the prespecified syndrome-related search terms 

within the title (Table 1; Figure 1). We excluded ar-
ticles about routine monthly, quarterly, or yearly 
syndromic surveillance (e.g., national pneumonia 
surveillance) because we wanted to capture articles 
via OSINT rather than official surveillance reports. 
We also excluded articles reporting on multicountry 
outbreaks because detections were likely to be later 
(after spread had occurred) and unlikely to constitute 
early warnings.

Data Extraction
Four analysts (authors D.H., A.N., Z.A., and J.E.) 
extracted prespecified data from all eligible full-
text articles. We first removed duplicated articles 
and then removed any inaccessible articles (e.g., 
broken URLs, subscription required), articles about 
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Table 1. Search terms used for data retrieval and syndromes 
identified from EPIWATCH, 2020–2022 
Category 
Search terms 
 Acute flaccid paralysis 
 Acute gastroenteritis 
 Bronchiolitis 
 Bronchitis 
 Death 
 Die off 
 Encephalitis 
 Encephalomyelitis 
 Fever 
 Food poisoning 
 Illness 
 Influenza-like illness 
 Meningitis 
 Mortality 
 Mysterious 
 Mystery 
 Not known 
 Not specified 
 Not yet classified 
 Pneumonia 
 Rash 
 Suspicious 
 Severe acute respiratory illness 
 Suspicious 
 Unclassified 
 Unclear 
 Undiagnosed 
 Unexplained 
 Unidentified 
 Unknown  
Syndromes 
 Acute flaccid paralysis 
 Acute gastroenteritis 
 Encephalitic 
 Febrile 
 Fever with rash 
 Respiratory* 
 Meningitis 
 Unknown† 
*Includes influenza-like-illness, severe acute respiratory infection, and 
pneumonia. 
†Insufficient information in the article for classification. 

 

https://www.epiwatch.org
http://www.cdc.gov/eid
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outbreaks with a confirmed cause of illness, or ar-
ticles that did not mention case numbers or location 
(Table 2; Figure 1). We extracted data for country, 
event date, state/province/city (where available), 
adult symptoms, child symptoms, syndrome, hu-
man or animal outbreak, case numbers, sex distri-
bution of patients, and deaths. We classified syn-
dromes into prespecified categories on the basis 
of the dominant clinical manifestations (Table 1). 
To ensure consistency and accuracy, we randomly 
checked 100 articles.

Syndromic Outbreak Cause Identification
To identify whether a cause had been subsequently iden-
tified, we followed outbreaks of unknown etiology for 
3 months after the initial event date. Doing so involved 
conducting independent web searches and reviewing 
data within the EPIWATCH database, mapping the syn-
dromic outbreak to subsequent laboratory-confirmed 
diseases identified within the same location. We exam-
ined selected case studies in more detail, focusing on the 
timeliness of EPIWATCH data compared with official 
sources and laboratory confirmation of the outbreak.
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Figure 1. Articles extracted from 
EPIWATCH system (https://www.
epiwatch.org), December 31, 
2019–January 1, 2023.

 
Table 2. Inclusion and exclusion criteria used in study of global epidemiology of outbreaks of unknown cause identified by open-
source intelligence, 2020–2022 
Inclusion criteria: all criteria must be met Exclusion criteria: any 1 criterion must be met 
Article describes a syndromic outbreak in humans or animals. Article does not describe a syndromic outbreak,  

and case numbers not mentioned. 
Title contains >1 search term, and article published Dec 31,  
2019–Jan 1, 2023. 

Infectious or noninfectious cause of syndrome identified in article. 

Article includes case numbers and location. Article not accessible. 
Cause of syndrome is unknown, and article describes an outbreak 
in <3 countries. 

Article outlines routine monthly, quarterly,  
or annual syndromic surveillance. 

 Article outlines multicountry (>3) syndromic outbreaks. 
 

http://www.cdc.gov/eid
https://www.epiwatch.org
https://www.epiwatch.org
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Analyses
We conducted data cleaning and performed statisti-
cal analyses by using Stata/BE 17.0 (StataCorp LLC, 
https://www.stata.com). To assess the number of 
unique outbreaks described by the reports, we con-
sidered different articles to be describing the same 
event if they discussed a similar number of cases of 
the same syndrome/symptoms in the same location 
<30 days apart.

To identify the most frequent syndromic out-
breaks for humans and animals reported globally 
and their locations, we calculated the frequency of 
reported syndromes and locations of outbreaks. We 
measured the association of outbreak diagnosis by 
income status, using a χ2 test for high-income econ-
omies (HIEs) or low-middle–income economies/
upper-middle–income economies (LMIEs/UMIEs). 
As defined by the World Bank, an HIE has a gross na-
tional income (GNI) per capita of >$14,005 (in US dol-
lars), a UMIE has a GNI per capita of $4,516–$14,005, 
and an LMIE has a GNI per capita of $1,145–$4,515 
(12). We used ArcGIS Pro v.3.1 (https://www.esri.
com) to map the geographic distribution of global re-
ports for animal and human outbreaks.

Results
For our final analysis, we included 1,404 eligible ar-
ticles (Figure 1). Of those, 1,257 (89.5%) reported 
outbreaks among humans and 147 (10.5%) reported 
outbreaks among and animals. The articles described 
310 syndromic outbreaks overall, including 249 
(80.3%) affecting humans and 61 (19.7%) affecting 
animals during the study period. Among outbreaks 
of unknown etiology, 75,968 human cases of illness 
and 4,235 deaths were recorded. Of the outbreaks 
of unknown cause among humans reported from 61 
countries and among animals from 21 countries, the 
largest numbers for both were reported from India, 
followed by the United States (Table 3).

Among 249 articles for which the clinical syn-
drome could be classified, the most commonly re-
ported syndromes in humans were respiratory syn-
drome (15.3%; n = 38), febrile syndromes (15.3%; n 
= 38), and acute gastroenteritis (14.5%; n = 36) (Table 
4). Among reported clinical signs for 417 outbreaks 
among humans, the most frequent were fever (21.6%; 
n = 90), diarrhea (14.9%; n = 62), and vomiting (13.4%; 
n = 56) (Table 5). For 43% of syndromic outbreaks, the 
sign/symptom information provided in articles re-
viewed was inadequate for classifying the syndrome.

Reports of syndromic illnesses increased notably 
over the study period, from 16 reports in 2020 to 69 
reports in 2021 and 171 reports in 2022 (Figures 2, 3). 

Although outbreaks associated with all syndromes 
seem to have increased during that period, the in-
creases seemed to be driven primarily by increased 
gastrointestinal syndromes and syndromes that 
could not be classified. Respiratory syndromes seem 
to have been suppressed in 2020, consistent with the 
known suppression of respiratory infections during 
2020 resulting from COVID-19 mitigation efforts. We 
also noted seasonal patterns of syndromes in partic-
ular regions (e.g., febrile syndrome reports in India 
peaked during July–September, and respiratory syn-
drome reports peaked in December) (Figure 4).

For only 32 (12.9%) of 249 syndromic outbreaks 
was a cause subsequently reported for humans, and 
for 14 (23.0%) of 61 syndromic outbreaks was a cause 
subsequently reported for animals. The 5 most com-
monly identified causes of syndromic outbreaks 
among humans were norovirus infection (15.2%; n = 
5), bronchiolitis (6.1%; n = 2), carbon monoxide poi-
soning (6.1%; n = 2), malaria (6.1%; n = 2), and menin-
gococcal infection (6.1%; n = 2) (Table 6). The propor-
tion of diagnoses was higher in HIEs (40%) than in 
LMIEs/UMIEs (11%; p<0.001) (Table 7).

Outbreaks in India
The 110 outbreaks of unknown cause in India were 
identified across different states; several outbreaks af-
fected predominantly children, with no cause found 
for most. On August 16, 2020, an outbreak of fever 
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Table 3. Top 5 countries reporting syndromic outbreaks among 
humans and animals, 2020–2022 
Country No. (%) events 
Human  
 India 110 (44.2) 
 United States 13 (5.3) 
 Bangladesh 13(2.8) 
 Indonesia 7 (2.4) 
 Russia 6 (2.4) 
Animal  
 India 28 (46.7) 
 United States 5 (8.3) 
 Kazakhstan 3 (5.0) 
 Russia 3 (5.0) 
 United Kingdom 2 (3.3) 

 

 
Table 4. Frequency of reported syndromes during outbreaks  
of unknown cause identified by open-source intelligence,  
2020–2022* 
Disease or syndrome Frequency, no. (%) 
Unknown 107 (43.0) 
Respiratory syndrome 38 (15.3) 
Febrile syndrome 38 (15.3) 
Acute gastroenteritis 36 (14.5) 
Meningitis 16 (6.4) 
Fever with rash 7 (2.8) 
Encephalitis syndrome 6 (2.4) 
Acute flaccid paralysis 1 (0.4) 
*Total 249 reports with data on syndromes. 

 

https://www.stata.com
https://www.esri.com
https://www.esri.com
http://www.cdc.gov/eid
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and throat swelling was recorded in Bageshwar, Ut-
tarakhand, where 43 children were affected, 6 of 
whom were admitted to local hospitals (13). On April 
9, 2021, another outbreak of fever and stomachaches 
was reported in Uttar Pradesh; 60 children died, and 
several hundred were hospitalized (13). Although 
dengue fever was suspected in that outbreak, it was 
not confirmed. On August 24, 2021, in Mathura, Ut-
tar Pradesh, 6 children, 5–15 years of age, died of an 
unknown illness over a 1-week period (14). On June 
22, 2022, a large outbreak of fever among 250 persons 
from Kanakatte, Karnataka, was recorded; signs/
symptoms included headaches, blisters, and joint pain 
(15). On July 24, 2022, in Sheopur, Madya Pradesh, 3 
persons died and 15 other persons were reportedly ill 
with gastroenteritis and fever of unknown cause (16). 
On August 31, 2022, in Garhwal village, Uttarakhand, 
a mysterious disease was reported of which >100 per-
sons fell ill with fever, chest pain, vomiting, and pain 
in joints of their hands and feet (17). The large num-
bers of cases and fatalities (including among children) 
and lack of clear causes found for all of those outbreaks 
highlight the need for syndromic surveillance to guide 
outbreak investigation and diagnostic testing.

Pneumonia in Argentina
During August 18–22, 2022, EPIWATCH identi-
fied reports of bilateral pneumonia in a cluster of 3 

hospitalized patients in San Miguel de Tucumán 
City, Tucuman Province, Argentina. Early cases 
were among healthcare workers, resulting in their 
admission to intensive care units. Six days later, on 
August 29, 2022, the Argentine Ministry of Health 
of Tucumán Province notified the World Health Or-
ganization (WHO) of a cluster of 6 cases of bilateral 
pneumonia lacking cause; 1 patient died on August 
30, 2022 (18). On September 3, 2022, the cause was 
identified as Legionella pneumophila and Legionella spp. 
(19), although the cause was only officially reported 
by WHO on September 5, 2022, prompting an inves-
tigation of the source, which identified 22 suspected 
cases and 6 fatalities. Four of the patients tested posi-
tive for L. pneumophila and Legionella spp. and had 
clinically compatible illnesses (19). We note that EPI-
WATCH identified this syndromic outbreak before it 
was reported through official sources.

Hepatitis among Children, Worldwide
On March 31, 2022, severe acute hepatitis of un-
known origin in children was reported for the first 
time among children in Scotland for causes other than 
common hepatitis A–E virus infection; patients expe-
rienced jaundice, vomiting, gastrointestinal symp-
toms, and fever (20). On April 6, 2022, EPIWATCH 
identified reports of 11 children, 1–5 years of age, who 
were receiving treatment for a hepatitis-like infection 
with jaundice as the primary syndrome (21). On April 
15, 2022, WHO released its first related report, stating 
that 10 cases across the United Kingdom and Europe 
were detected on April 5, 2022 (22). Two retrospective 
studies that analyzed surveillance data in Japan and 
Israel showed possible syndrome onset as early as 
September and October 2021 (23,24). By August 2022, 
a total of 35 countries reported 1,115 cases of acute 
hepatitis of unknown origin that fulfilled the WHO 
definition (25). Among those patients, 47 (4%) of 
children required liver transplants because of organ 
failure associated with infection and 22 (2%) deaths 
were reported (25). Only 479 case reports contained 
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Table 5. Ten most frequent signs/symptoms reported during 
outbreaks of unknown cause identified by open-source 
intelligence, 2020–2022* 
Symptoms Frequency, no. (%) 
Fever 90 (21.6) 
Diarrhea 62 (14.9) 
Vomiting 56 (13.4) 
Breathing difficulties 41 (9.8) 
Headache 22 (5.3) 
Cough 16 (3.8) 
Nausea 16 (3.8) 
Stomachache 13 (3.1) 
Peripheral swelling 11 (2.6) 
Hemorrhagic fever 10 (2.4) 
*Total 417 outbreaks with clinical signs/symptoms reported. 

 

Figure 2. Total reports and events that met study inclusion criteria, by month, for study of global epidemiology of outbreaks of unknown 
cause identified by open-source intelligence, 2020–2022. Scales for the y-axes differ substantially to underscore patterns but do not 
permit direct comparisons.

http://www.cdc.gov/eid
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information for age and sex; 78% of patients were <6 
years of age, and 48% were boys and 52% girls (25). 
Investigations to determine the potential cause of 
acute hepatitis of unknown origin around the world 
are ongoing. However, limited evidence suggested a 
postinflammatory syndrome with potential links to 
SARS-CoV-2 infection (25), with stronger evidence 
for SARS-CoV-2 being associated with this syndrome. 

Pneumonia in Kazakhstan
On July 9, 2020, an unusual increase in cases of pneu-
monia of unknown cause in Kazakhstan was report-
ed (26). The increase began in January 2020 at the 
early stages of the COVID-19 pandemic. Although 
264 deaths from COVID-19 had been reported in the 
country until July 2020, Kazakhstan reported 1,772 
deaths in the first 6 months of 2020 from pneumonia 
of unknown cause; 628 were reported in June alone 
(27). Reports stated that 300 persons were being hos-
pitalized daily and up to 600 new cases of pneumonia  

were reported daily, compared with an average of 80 
cases per day before the outbreak of COVID-19 (27). 
In March 2020, Kazakhstan implemented a short, 
sharp lockdown because of the COVID-19 outbreak, 
and at the end of May 2020, quarantine measures 
were lifted (28), supporting the hypothesis that the 
increased pneumonia cases were probably directly 
associated with a resurgence of COVID-19 cases.

Discussion
During 2020–2022, outbreaks of unknown illnesses 
affecting human and animal populations occurred 
regularly; for most outbreaks, a cause was never iden-
tified. However, outbreaks with unidentified causes 
will not be formally reported because national notifi-
able disease systems are for identified diseases only. 
Most outbreak patients exhibited sign/symptoms 
consistent with infectious causes; however, the cause 
of some outbreaks may be noninfectious (e.g., chemi-
cal exposure). Open-source syndromic surveillance  
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Figure 3. Frequency of human syndromic events, by month, identified in study of global epidemiology of outbreaks of unknown cause 
identified by open-source intelligence, 2020–2022.

Figure 4. Frequency of human syndromes reported in events in India, by month, identified in study of global epidemiology of outbreaks 
of unknown cause identified by open-source intelligence, 2020–2022.
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provides a unique means for understanding the glob-
al epidemiology of outbreaks of unknown etiology 
and probably represents the only available public re-
cord of those illnesses.

We describe examples in which EPIWATCH 
OSINT detected an early signal of an unknown re-
spiratory outbreak with fatalities before an official 
diagnosis was made (e.g., pneumonia subsequently 
diagnosed as legionellosis in Argentina). We also 
describe instances in which syndromic surveillance 
can provide possible indicators of a surge of known 
disease with pandemic potential in areas where di-
agnostic capability is limited (e.g., pneumonia surge, 
thought to be caused by COVID-19, in Kazakhstan). 
In India, no cause has been identified for recurrent, 
large outbreaks of encephalitis in certain states, 
such as Bihar (29). Those findings highlight the vi-
tal role of syndromic illness surveillance and OSINT 
to bridge the gap between formal surveillance and 
provide early warnings of syndromic outbreaks be-
fore diagnosis. Early warnings can enhance rapid re-
sponse (e.g., quarantine) while laboratory diagnosis 
is in progress.

Approximately 80% of outbreaks assessed in our 
final analysis did not have a cause subsequently iden-
tified or reported, possibly because of lack of formal 
diagnosis, media reporting, or censorship (30). Out-
breaks for which a cause was eventually identified 
were more frequent in HIEs with well-developed sur-
veillance systems (Table 7). That finding highlights 
the vital role of syndromic surveillance, particularly 
in LMIEs, where disease-based surveillance may be 
less robust. Even in HIEs, the cause of most outbreaks 
of unknown cause was not identified or reported. 
OSINT is useful for providing early intelligence to 
public health officials for targeted outbreak investiga-
tions independent of formal surveillance.

Over the 3-year study period, we observed in-
creased reports of unknown syndromic illnesses, 
which may be attributable to the upscaling of the EPI-
WATCH system, increased reporting of syndromes 
after the COVID-19 pandemic, or real increases in 
illness. COVID-19 mitigation strategies contributed 
to decreased incidence of respiratory and other ill-
nesses, which our finding may reflect (31). However, 
in recent years, respiratory infections have begun to 
increase, including respiratory syncytial virus, influ-
enza virus, and SARS-CoV-2 (known as the triple-
demic) infection.

The geographic distribution of unknown ill-
nesses affecting humans and animals indicates that 
outbreaks were reported most frequently from In-
dia and the United States (Figures 5, 6). That find-
ing may be attributable to higher coverage by print 
and electronic media, inclusion of multiple Indian 
languages in EPIWATCH, and increased reporting 
of infectious diseases in some locations (32), which 
could be contributing to increased signals in India. 
However, our results are conservative because of the 
way events have been inferred from articles and the 
use of OSINT. Our estimates represent the lower end 
of reported outbreaks of unknown cause.

The strengths of our study include use of OSINT 
to detect early epidemic signals, especially in coun-
tries with poor surveillance capacity (33). Use of 
OSINT overcomes issues associated with formal 
surveillance and diagnostic dependence, providing 
a means for syndromic surveillance. The strength of 
EPIWATCH lies in its capacity to search in 46 lan-
guages, incorporating Natural Language Process-
ing, which seeks to offset, to some extent, the Anglo-
centric bias inherent in OSINT and search algorithms 
(e.g., Google). To our knowledge, EPIWATCH is the 
most comprehensive publicly available OSINT plat-
form to date (33). As an example of an early warning, 
in November 2019 before COVID-19 was identified, 
we previously showed a signal of unknown pneumo-
nia in Wuhan, China, as well as evidence of redacted 
news reports with “SARS” in the title (8). EPIWATCH 
is not directly comparable with ProMED Mail, which 
is qualitative and relies on reports of outbreaks from 
clinicians in the field, rather than OSINT (34). Both 
are valuable sources of early warning.
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Table 6. Five most frequent causes of 32 reports with listed 
cause found during analysis of global epidemiology of outbreaks 
of unknown cause identified by open-source intelligence,  
2020–2022 
Disease found during analysis Frequency, no. (%) 
Norovirus infection 5 (15.1) 
Bronchiolitis 2 (6.1) 
Carbon monoxide poisoning 2 (6.1) 
Malaria 2 (6.1) 
Meningococcal infection 2 (6.1) 

 

 
Table 7. Proportion of syndromes diagnosed across high and lower-middle and upper-middle–income economies identified during 
analysis of global epidemiology of outbreaks of unknown cause identified by open-source intelligence, 2020–2022* 

Cause 
Income, no. (%) 

Total High LMIE/UMIE 
Unknown 29 (60) 235 (89) 264 (85) 
Known 19 (40) 28 (11) 47 (15 
Total 48 (100) 263 (100 311 (100) 
*Pearson 2(1) = 26.49; p<0.0001. LMIE, low-middle-income economies; UMIE, upper-middle-income economies. 
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The limitations of our study include the fact that 
OSINT, as used in our study, ultimately depends 
on reporting patterns and search algorithms, which 
may change over time, may prioritize information 
in biased ways, and may not capture every early 
signal. Therefore, changes over time and differenc-
es in geographic reporting may reflect differences 
in media practice and search algorithms rather  

than actual disease burden. OSINT relies heav-
ily on publication of correct information, which  
requires further analysis to determine if outbreaks 
are accurately reported. Another limitation is the 
short duration of follow-up with no data from the 
prepandemic period in this study, making the ef-
fects of the pandemic and mitigations during the 
pandemic difficult to assess. Another limitation  
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Figure 5. Geographic distribution of top 10 countries reporting unknown illnesses in humans, identified in study of global epidemiology of 
outbreaks of unknown cause identified by open-source intelligence, 2020–2022.

Figure 6. Geographic distribution of top 8 countries reporting unknown illnesses in animals, identified in study of global epidemiology of 
outbreaks of unknown cause identified by open-source intelligence, 2020–2022.
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of our results is that the true number of events 
within countries has not been corrected for popula-
tion size.

Although similar work using the EPIWATCH 
system has been previously conducted (4), the search 
terms and algorithms used were not comparable to 
those that we used. Syndromic surveillance (focus-
ing on diseases of unknown cause) is likely to cap-
ture different diseases in different regions (35). Dif-
ferences observed with syndromic surveillance may 
reflect resources available for ascertainment rather 
than disease burden. Data are frequently reported 
from a country level, meaning granular analysis is 
difficult because of a lack of confirmed province, 
state, or city. Geopolitical factors may also influence 
the number of reports. For example, war or other 
events may increase surrounding health issues and 
subsequent regional reporting (36). The purpose of 
OSINT in that context should be seen not as a tool 
to provide diagnostics but rather as an adjunct to 
formal surveillance and an early warning system to 
alert authorities to potential threats and guide out-
break responses.

Our study using EPIWATCH provides a global 
surveillance data resource enabling public health 
professionals to assess hot spots of unknown dis-
ease outbreaks and the presence of potential new 
unknown illnesses as early warning signals to be 
used to enhance surveillance and reporting capaci-
ties. EPIWATCH provides a framework for open-
source syndromic surveillance for public health 
agencies, especially in low-income and under-re-
sourced settings where formal surveillance systems 
are not adequately linked. The EPIWATCH sys-
tem aims to identify outbreak signals before gov-
ernment authorities are aware of them. As such, it 
should be an adjunct to formal surveillance rather 
than a replacement, with the understanding that 
the data are not validated. Where national health 
organizations fail to disclose outbreaks of concern 
internationally, web-based syndromic surveillance 
can act as the first line of defense for surround-
ing countries to encourage the initiation of out-
break response and investigation to prevent the  
next pandemic.

In conclusion, using OSINT for syndromic sur-
veillance from the EPIWATCH system, we found 
early signals of human and animal unknown illness-
es across 310 outbreaks. The cause was not identified 
for most outbreaks, especially in LMIEs. Our work 
highlights the value of OSINT-based digital surveil-
lance systems for identifying syndromic outbreaks 
and guiding rapid outbreak response.
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Named in honor of Daniel Elmer Salmon, an American veteri-
nary pathologist, Salmonella is a genus of motile, gram-nega-

tive bacillus, nonspore-forming, aerobic to facultatively anaerobic 
bacteria of the family Enterobacteriaceae. In 1880, Karl Joseph Eb-
erth was the first to observe Salmonella from specimens of patients 
with typhoid fever (from the Greek typhōdes [like smoke; deliri-
ous]), which was formerly called Eberthella typhosa in his tribute. 
In 1884, Georg Gaffky successfully isolated this bacillus (later 
described as Salmonella Typhi) from patients with typhoid fever, 
confirming Eberth’s findings. Shortly afterward, Salmon and his 
assistant Theobald Smith, an American bacteriologist, isolated 
Salmonella Choleraesuis from swine, incorrectly assuming that 
this germ was the causative agent of hog cholera. Later, Joseph 
Lignières, a French bacteriologist, proposed the genus name Sal-
monella in recognition of Salmon’s efforts.
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