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Abstract

Background: The United Nations Refugee Agency (UNHCR) estimates the number of forcibly displaced people
increased from 22.7 million people in 1996 to 67.7 million people in 2016. Human mobility is associated with the
introduction of infectious disease pathogens. The aim of this study was to describe the range of pathogens in
forcibly displaced populations over time using an informal event monitoring system.

Methods: We conducted a retrospective analysis of ProMED, a digital disease monitoring system, to identify reports
of outbreak events involving forcibly displaced populations between 1996 and 2016. Number of outbreak events
per year was tabulated. Each record was assessed to determine outbreak location, pathogen, origin of persons
implicated in the outbreak, and suspected versus confirmed case counts.

Results: One hundred twenty-eight independent outbreak events involving forcibly displaced populations were
identified. Over 840,000 confirmed or suspected cases of infectious diseases such as measles, cholera, cutaneous
leishmaniasis, dengue, and others were reported in 48 destination countries/territories. The average rate of outbreak
events concerning forcibly displaced persons per total number of reports published on ProMED per year increased
over time. The majority of outbreak events (63%) were due to acquisition of disease in the destination country.

Conclusion: This study found that reports of outbreak events involving forcibly displaced populations have
increased in ProMED. The events and outbreaks detected in this retrospective review underscore the importance of
capturing displaced populations in surveillance systems for rapid detection and response.

Keywords: Surveillance, Forced displacement, Outbreak, Infectious disease, ProMED

Background

Human mobility has long been associated with the intro-
duction of infectious disease pathogens, transmission,
and propagation globally. Severe acute respiratory syn-
drome (SARS), Middle East respiratory syndrome
(MERS), and Zika virus are contemporary examples of
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outbreaks that underscore the role of mobility, travel,
and migration in the spread of infectious diseases [1-3].
Conflict, insecurity, fear of persecution, natural disasters,
and environmental pressures have contributed to popu-
lation displacement. The United Nations High Commis-
sioner for Refugees (UNHCR) estimated that in 1996,
22.7 million people were classified as forcibly displaced
people worldwide [4]. By 2016, this number had in-
creased to 67.7 million people [4].

Infectious disease surveillance among forcibly dis-
placed populations is challenging. Humanitarian crises
disrupt  local  healthcare  systems,  preventing

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s13031-020-00295-9&domain=pdf
http://orcid.org/0000-0001-8962-9427
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:angel.n.desai@gmail.com

Desai et al. Conflict and Health (2020) 14:49

implementation of routine public health safeguards [5].
Forcibly displaced populations are not always captured
in national surveillance systems because of challenges
accessing health services that may be available to na-
tional or insured individuals only, and in the case of ref-
ugees and undocumented migrants, uncertain political
status within their country of asylum. Disease surveil-
lance methodologies for displaced populations vary;
some recent studies have assessed outbreaks using for-
mal, laboratory-based, and syndromic surveillance to
identify events in specific locations and over defined
time periods [6—9]. For example, the UNHCR Health In-
formation System (HIS) is a syndromic surveillance sys-
tem that tracks morbidity due to a wide variety of
communicable diseases in UNHCR refugee camps. HIS
has been configured so that weekly reports of these syn-
dromes can be aggregated and reviewed with an alert
threshold for outbreak detection set according to the
disease of concern [10]. The principle burden of infec-
tious diseases in forcibly displaced populations is due to
endemic diseases such as acute respiratory infections,
endemic diarrhea, measles, and malaria [11]. A compre-
hensive analysis regarding the occurrence and extent of
outbreaks of infectious diseases in forcibly displaced
populations over time however, is lacking in the pub-
lished literature.

Informal, digital monitoring and reporting tools may
be useful adjuncts to traditional disease surveillance in
these scenarios, as they require fewer resources and
often encounter fewer bureaucratic barriers [12—15]. In
addition, given that population displacement is ongoing
and dynamic, informal reporting offers a complementary
mechanism to highlight cross-border infectious disease
developments over longer periods of time. We analyzed
infectious disease outbreak reports published on
ProMED to investigate the pace and extent of infectious
disease outbreaks in forcibly displaced populations over
the study period, as well as highlight global pathogen-
specific findings and trends.

Methods

Data source

Informal monitoring and reporting systems rely on local
media, professional networks, and on-the-ground ex-
perts to highlight emerging infectious diseases and out-
breaks in near real time. Examples include the Program
for Monitoring Emerging Diseases (ProMED) published
by the International Society for Infectious Diseases;
HealthMap; and the Global Public Health Intelligence
Network (GPHIN) [13].

ProMED, a program of the International Society for
Infectious Diseases, is a digital monitoring and reporting
system for infectious diseases. ProMED was established
in 1994, and allows human and animal health
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practitioners, public health professionals, and concerned
members of the public to submit information regarding
potential infectious disease outbreak events [16]. Media
reports regarding infectious disease outbreaks have been
mined using automated machine web crawling with
manual curation since 2007 through collaboration with
HealthMap [17]. Both formal and informal surveillance
reports are submitted to ProMED, and a network of sub-
ject matter experts with knowledge of regional infra-
structure and infectious diseases screen all reports.
Subject matter experts comment on each report, adding
context to a local outbreak when relevant. Once a report
has been reviewed and edited, it is posted to the global
ProMED network, where it is freely accessible and
reaches more than 90,000 subscribers and followers.
ProMED focuses its reporting on emerging and re-
emerging outbreaks defined by the World Health
Organization as “the occurrence of cases of disease in
excess of what would normally be expected in a defined
community, geographical area, or season [18]”. Chronic
infectious diseases such as tuberculosis, chronic viral
hepatitis, human immunodeficiency virus (HIV), and en-
demic infectious diseases are not routinely reported.
ProMED reports have been validated by several other
studies investigating emerging infectious diseases trends
and outbreaks and have been shown to be a rapid and
valuable system to obtain information about emerging
outbreaks [19-25].

Methodology

In this retrospective analysis, we focused on outbreak
events among forcibly displaced populations reported in
ProMED from 1996 to 2016. In formulating search
terms for the inclusion criteria, we used UNHCR defini-
tions of forcibly displaced populations as those displaced
involuntarily by persecution, conflict, violence, natural
disasters, or human rights violations [4]. This includes
refugees, asylum seekers, and internally displaced per-
sons (IDP). As a result, the ProMED archive was queried
for the following search terms and root words: “refu-
gee(s)” OR “asylum seeker(s)” OR “displaced”. Exclusion
criteria included reports indicating voluntary population
movement for economic benefit or family reunification,
and reports that referred to the same outbreak. For ex-
ample, in several instances one outbreak event was de-
tailed by multiple reports in the ProMED archive,
tracking the development of an infectious disease out-
break over time. As an example, a cholera outbreak fol-
lowing the 2010 Haitian earthquake was captured in
ProMED with over 20 reports over 1 year. To ensure
only unique outbreak events were assessed, the last re-
port in a series with information pertinent to this study
was used. Outbreaks in forcibly displaced persons from
ProMED included reports in refugee camps as well as
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enclaves in cities or at borders. English-language reports
from the ProMED global network were included in this
analysis. Of the total 55,409 records in the ProMED
database, 1562 returned with one of the identified search
terms. Of these, 171 remained after removal of dupli-
cates, and an additional 43 were removed as not meeting
the inclusion criteria based on the pre-specified defin-
ition of forcibly displaced populations (Fig. 1). One
hundred twenty-eight reports describing unique out-
break events were ultimately retained. Each record was
manually reviewed to extract report date, location of
outbreak, origin of groups associated with the outbreak
event, pathogen implicated, and case counts (Fig. 1).
Point of disease acquisition and, if applicable, reason for
vaccination interruption were extracted from each
report.

Three independent investigators thoroughly reviewed
each report to ensure adherence to the criteria as out-
lined above. In some instances, case numbers reported
in ProMED outbreak reports were rounded to the near-
est 1000 or reported as “more than” a specific number,
e.g. more than 100 cases were reported. Case numbers
reported in this analysis therefore represent approximate
numbers.

The rates of outbreak events involving forcibly dis-
placed populations per total number of ProMED reports
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published each year were calculated. Rates of outbreak
events among displaced populations per total number of
ProMED reports per year were calculated to ensure that
any variations observed were not secondary to changes
in the number of ProMED reports published, and
were compared during two time periods (1996—2002
and 2010 to 2016) using a two-sample t-test assuming
unequal variance. P<0.05 was considered statistically
significant. Microsoft Excel and Stata (StataCorp.
2009. Stata Statistical Software: Release 11. College
Station, TX: StataCorp LP) were used for statistical
analysis.

Results

Between 1996 and 2016, a total of 128 unique outbreak
events involving forcibly displaced populations were
posted on the ProMED network. The mean incidence of
outbreak events involving forcibly displaced populations
increased from an average of 2.3 events per year during
1996 to 2002 to 5.7 during 2003 to 2009 to 11.4 events
per year during 2010 to 2016, an overall increase of
404% when comparing the first time period (1996 to
2002) to the last time period (2010 to 2016) (p < 0.05).
Over the same periods, the average rate of outbreak
events per total number of reports published on
ProMED each year increased by 322% (p<0.05).

Records available in the
ProMED database (1996 to
2016)
(n=55409)

Records identified with
search terms
(n=1562)

Records after duplicates
removed (n=171)

Reports included in final
study
(n=128)

Fig. 1 Flow Chart of search strategy

-
e

Records excluded
- Did not meet
inclusion criteria
(n=43)
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Outbreak events reported on ProMED and outbreak
events involving displaced populations reported on
ProMED per total number of ProMED reports from
1996 to 2016 are shown in Fig. 2a and b.

Over the 20-year study, outbreak events were reported
in 48 destination countries/territories as detailed in Sup-
plementary Table 1. Results were categorized by WHO
region, and then by countries where relevant. Figure 3
demonstrates the distribution of individual outbreak
events among WHO regions. For the purpose of this
analysis, WHO Americas region was divided into North
America and Latin America. The majority of outbreaks
over the study period involving forcibly displaced popu-
lations were reported in Africa (52%; 67 reports),
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followed by Eastern Mediterranean (17%, 22) and
Southeast Asia (14%, 18). The study population was pri-
marily identified as refugees (60.9%, 70), followed by in-
ternally displaced persons (29.6%, 38) and asylum
seekers (9.3%, 12) per UNHCR definitions. While study
populations were often reported independently in one of
these categories, we were unable to definitively deter-
mine in all reports if the affected population included a
mix of refugees, IDPs, and asylum seekers.

Table 1 demonstrates all reported pathogens, count of
outbreaks, and approximate suspected and confirmed
case counts by WHO region. Supplementary Tables 1
and 2 provide additional details on outbreak location
and approximate case counts. When a pathogen was not
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Fig. 2 a Number of outbreak events involving displaced populations reported on ProMED from 1996 to 2016. b Number of ProMED outbreak
events involving displaced populations per total number of ProMED reports from 1996 to 2016
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was divided into North America and Latin America. N=128

WHO Region

Fig. 3 Infectious disease outbreak events in displaced populations by region, 1996-2016. For the purpose of this analysis, WHO Americas region
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explicitly identified, “syndrome” as indicated in the cor-
responding ProMED report was used. In sum, more than
840,000 confirmed or suspected cases of infectious dis-
eases were identified over the study period. Forty-one
unique pathogens or syndromes were represented in this
study, demonstrating a wide range of infectious diseases.
While the majority of reported cases were due to a
large-scale cholera outbreak among internally displaced
people (IDP) affected by the 2010 Haiti earthquake (>
520,000 cases) and a large-scale epidemic typhus out-
break in Burundi in 1998 (100,000 cases), it is notable
that within this dataset, a wide variety of other patho-
gens were seen. Outbreak events due to cholera (n =34
outbreak events), cutaneous leishmaniasis (n =6), den-
gue (n=05), hepatitis E (n=8), measles (n=21) and
poliomyelitis (n=7) were highlighted as the most com-
mon disease outbreaks afflicting displaced populations.
Overall, most individual cholera outbreaks (7 =23 out-
break events) occurred in the WHO Africa region over
the study period.

Of all pathogens or syndromes implicated in infectious
disease outbreaks, more than 16,000 vaccine-preventable
disease cases (VPD) were identified, encompassing 39
outbreaks in 20 countries over the course of the study.
VPD in this study included measles, poliomyelitis, diph-
theria, tetanus, pertussis, yellow fever, typhoid, and vari-
cella. Other childhood diseases such as mumps and
rubella were not reported in our data set. As cholera
vaccines and their uptake were not widespread during
the study period, cholera was not included in the VPD

case counts. Meningococcal disease was also excluded,
as etiology of meningitis was not always made explicit in
ProMED reports. The largest number of outbreaks of
VPD was noted in Kenya as the host country (n =7). Six
of these outbreaks were noted in forcibly displaced per-
sons from Somalia, with four of those outbreaks due to
poliomyelitis and the remaining two related to measles.
Within the poliomyelitis outbreak cohort, there were
125 suspected or confirmed cases with no fatalities. One
measles outbreak in Kenya was noted in displaced indi-
viduals from South Sudan. The remaining VPD out-
breaks across regions were distributed as demonstrated
in Table 2.

Origin and destination of populations and subse-
quent outbreak events were investigated in this ana-
lysis. On a country level, Kenya experienced the
largest number of distinct outbreaks (n =13) reported
to ProMED, followed by Uganda (n=12). Reports
were manually reviewed for explicit indication of dis-
ease acquisition at the destination as opposed to im-
portation from the location of origin or during
transit. Of 128 reports, 63% (80) were due to local
transmission in the destination country, 20% (25)
were due to importation (acquired in the country of
origin or during transit), and 18% (23) were unspeci-
fied based on manual review of the report. In cases
of importation, 48% (12) events were attributed to in-
complete vaccination of the displaced population. The
reasons for interrupted vaccination when available,
were extracted from reports, and cited as breakdown
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Table 1 Count of outbreaks (approximate cumulative suspected and confirmed case counts) reported in displaced persons, by WHO
region, 1996-2016. N =128 (846319)

Reported Pathogen or Syndrome

Location of Outbreak
by WHO Region

Africa Eastern Europe  Latin North South-East Western  Total
Mediterranean America®  America® Asia Pacific

Malaria-like disease 1 (20) 1(20)
Acute abdominal pain 1 (85) 1(85)
Anthrax 1 (1500) 1 (1500)
Bacterial meningitis 1(141) 1 (141)
Chickenpox 1 (12000) 1 (12000)
VZ\P & scabies 1 (1000) 1 (1000)
Cholera 23 (15882) 5 (2262) 1 (527000) 5 (576) 34 (545720)
Cutaneous diphtheria 19 109
Cutaneous leishmaniasis 6 (152676) 6 (152676)
Dengue 1(185) 2 (905) 2(23) 5(1113)
Diarrhea, unspecified 1 (500) 2 (1500) 3 (2000)
Diphtheria, non-cutaneous 1 (130) 1 (130)
Ebola hemorrhagic fever 1(119) 1(119)
Ebola-suspected (1) 1(1)
Gastroenteritis 1 (100) 1 (100)
Hepatitis E 8 (15793) 8 (15793)
Lassa fever 1 (88) 1(88)
Leprosy 1 (not reported) 1(-)
Louse-borne relapsing fever 3(18) 3(18)
Malaria 1(15) 1 (50) 2 (65)
Marburg virus 1(5) 1(5)
Measles 12 (1563) 142 6 (974) 205 21 (2584)
Meningococcal meningitis 1(26) 1(26)
Meningitis, unknown pathogen 1(6) 14 2 (10)
Monkeypox 1 (150) 1 (150)
Poliomyelitis 5(128) 2 (70) 7 (198)
Rift Valley fever 1 (80) 1 (80)
Salmonella 1(237) 1(237)
Scabies (1) ()
Shigella flexneri 1 (1062) 1 (1062)
Skin rashes & cholera 1 (6500) 1 (6500)
Syphilis 1(112) 1(112)
Tuberculosis 1 (50) 1 (50)
Tetanus 1(72) 1(72)
Trypanosomiasis 1 (490) 1 (490)
Typhoid fever 2 (99) 1 (24) 1) 4 (125)
Typhus (epidemic) 1 (100000) 1 (100000)
Suspected yellow fever 1 (55) 1 (55)
Unknown 2 (23) 2 (23)
Visceral leishmaniasis 1 (1800) 1 (1800)
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Table 1 Count of outbreaks (approximate cumulative suspected and confirmed case counts) reported in displaced persons, by WHO

region, 1996-2016. N =128 (846319) (Continued)

Reported Pathogen or Syndrome

Location of Outbreak
by WHO Region

Africa Eastern Europe  Latin North South-East Western  Total
Mediterranean America®  America® Asia Pacific
Yellow fever 3 (161) 3(161)
Total 67 (138586) 22 (155758) 14 (1638) 1 (527000) 3 (20) 18 (23292) 3 (25) 128 (846319)

#WHO region ‘Americas’ subdivided here into Latin America and North America in order to display data at a more granular level

PYZV varicella zoster virus

in local health infrastructure and mistrust of local
medical care.

Discussion

Global migration has reached unprecedented levels over
the past decade. This study examined the relationship
between forced migration and infectious disease out-
breaks by using the ProMED database, an informal,
digital disease monitoring and reporting system. It dem-
onstrated a wide variety of infectious disease pathogens
or syndromes affecting many countries and cross-border
regions. Our findings show that the number of ProMED
infectious disease outbreak reports concerning forcibly

displaced populations has increased over the study
period. Rates of outbreak events concerning forcibly dis-
placed populations per total number of ProMED reports
also increased; the observed changes were not solely
caused by an increase in the total number of ProMED
reports. The number of displaced persons estimated
worldwide has steadily risen as the number of ProMED
reports in this population has increased. During the
study period, the average annual forcibly displaced per-
sons’ population size increased from approximately 21
million between 1996 and 2002, to 28 million during
2003-2009, to 48 million from 2012 to 2016 [4]. A dir-
ect association between the increase in the number of

Table 2 Distribution of vaccine-preventable outbreaks in displaced persons by location of outbreak, 1996-2016. N =39

Outbreak Location

Measles Poliomyelitis Tetanus Typhoid Diphtheria Yellow Fever Varicella Total
Australia 1 1
Chad 1 1
Ethiopia 1 1
France 1 1
Georgia 1 1
Germany 3 3
Indonesia 1 1
Kenya 3 4 7
Kyrgyzstan 1 1
Lebanon 1 1
Macedonia 1 1
Nigeria 1 1 1 3
Pakistan 1 1 2
South Sudan 3 3
Sri Lanka 1 1
Sudan 1 3 4
Syria 1 2 3
Tanzania 1 1
Uganda 1 1
United States 2 2
Total 21 7 1 4 1 3 2 39
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ProMED reports and forcibly displaced persons’ popula-
tion size could not be made in this study. Despite this
increase in outbreak reports, outbreak-related case
counts in forcibly displaced persons totaled only 846,319
compared to the millions of individuals who were for-
cibly displaced over the 20-year study period. In this
dataset, disease outbreaks due to VPD were often due to
the collapse of public health measures. It bears mention-
ing that the relatively low case counts may be due in
part to incomplete data or underreporting, which re-
mains a challenging issue in this population, even when
considering the advantages of informal surveillance
methodology. As innovation in the development and in-
tegration of additional data streams that can provide
more granular information for informal surveillance sys-
tems become available, this limitation may be partially
remedied in the future. Outbreaks in forcibly displaced
persons from ProMED included reports in refugee camps
as well as enclaves in cities or at borders, but limitations
in outbreak surveillance occur when forcibly displaced
persons are integrated with host populations. Given the
time of our search, the beginning of large waves of migra-
tion from Syria and Iraq in 2011, South Sudan, Burundi,
DR Congo, and the Central African Republic starting in
2015, and the Venezuelan crisis that began in 2014 were
captured here but do not necessarily reflect the entirety of
migration patterns and subsequent outbreaks.

The highest number of ProMED outbreaks was seen
in Kenya. During the study period, Kenya was home to
at least four of the largest refugee camps in the world,
which may account for the numbers of outbreaks seen
in that country over the course of this analysis [4]. Out-
break events in this study involved primarily local acqui-
sition as opposed to importation. These findings are
consistent with prior studies that have demonstrated low
risks of imported acute infectious diseases on host coun-
try epidemiology, while crowding associated with tem-
porary resettlement increases the risk of outbreaks
among displaced residents [26, 27]. Of note, our results
demonstrate that while the risks were low, cases of
imported infectious diseases did occur in host countries.
These cases appeared to be due in large part to collaps-
ing health infrastructure in countries of origin. As dem-
onstrated in our evaluation, nearly half of all imported
infectious diseases were vaccine-preventable, with some
reports noting that incomplete vaccination due to polit-
ical conflict and subsequent deterioration of public
health infrastructure was the cause of disease outbreaks.
This may be explained in part, because securing high
rates of vaccine coverage in countries of conflict is often
difficult, and engaging forcibly displaced populations in
host countries for this purpose can be equally challen-
ging. Overall, a substantial number of outbreaks (30.4%,
n=39) in this study were related to VPD. Given the
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emphasis of ProMED on acute outbreaks, chronic infec-
tious diseases are not reflected in our data. Recent data
suggest that the prevalence of chronic infectious diseases
such as viral hepatitis in forcibly displaced populations
tends to depend on the epidemiology in their country of
origin [28, 29].

Vigilant surveillance, adequate healthcare,
immunization services, and infection control are critical
to preventing morbidity and mortality in forcibly dis-
placed persons. In this population, the principle burden
of infectious diseases is due to endemic diseases such as
acute respiratory infections, endemic diarrhea, measles,
and malaria [11]. ProMED focuses its monitoring and
reporting on emerging and re-emerging outbreaks as de-
fined by the WHO [18]. In the context of endemic infec-
tious diseases, ProMED reports unusual cases or the
occurrence of cases of disease in excess of what would
normally be expected in a defined community, geo-
graphical area, or season. In our dataset, outbreak events
due to cholera, cutaneous leishmaniasis, dengue, hepa-
titis E, measles and poliomyelitis were highlighted as the
most common disease outbreaks afflicting displaced
populations. Public health investment and education
concerning appropriate water, sanitation, and hygiene
practices are pivotal steps to preempt diarrheal disease
outbreaks in vulnerable populations, particularly in refu-
gee camps [6]. The role of local and international agen-
cies in supporting vaccination programs for refugees and
internally displaced populations should be clearly delin-
eated to capitalize on the operational strengths of each
partner [30]. Our findings support a recent study that
suggested that measles outbreaks among migrants in the
European Union were due in part to sub-optimal vaccin-
ation coverage [31]. Enhanced cross-border surveillance
with targeted screening and treatment of infectious dis-
eases have been demonstrated to improve the health
outcomes of forcibly displaced persons before resettle-
ment and is recommended to be pursued in outbreak
settings as well [32—35].

Our study methodology has several strengths. Disease
reporting and monitoring systems such as ProMED may
allow for the characterization of outbreak data that may
be missed in official national surveillance reporting,
given the precarious legal status of refugee and IDP pop-
ulations. Similarly, ProMED is free of political con-
straints that might otherwise hinder reporting on these
populations, allowing for unique data collection oppor-
tunities. In addition, subject matter experts review
ProMED reports and often highlight specific information
about special populations, case counts, or etiology of dis-
ease events within the report, allowing for further
contextualization of each outbreak. Monitoring disease
outbreaks in forcibly displaced populations is a complex
endeavor. Some systems may focus only on temporary
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settlements, missing data from other settings. National
surveillance methods may not report on internally dis-
placed persons, limiting epidemiological discourse.
While the dataset discussed in this paper does not pro-
vide a comprehensive overview of all outbreak-related
trends in forcibly displaced persons worldwide, it does
provide a longitudinal and global outlook on populations
that can be difficult to characterize by virtue of their
mobility and the limitations of current disease reporting
tools.

This study has a few limitations. Only ProMED was
used for this analysis, and this dataset does not provide a
complete overview of all outbreaks among forcibly dis-
placed persons over the study time period. The rationale
driving an individual’s decision to migrate may be com-
plex, and it is possible that some persons who were clas-
sified as forcibly displaced migrated for both voluntary
and involuntary reasons. Given the nature of the
ProMED dataset, some reports may have been misclassi-
fied, thereby overestimating or underestimating the
number of reports referring to forcibly displaced persons
for the purposes of this analysis. As discussed previously,
the increase in the number of outbreak events related to
forcibly displaced populations identified by this study
might be the result of increased reports posted to
ProMED. The use of automated mining for data on out-
breaks in 2007 for example, may have increased the
number of ProMED reports. Similarly, increasing Inter-
net penetrance over time worldwide may have contrib-
uted to a steep rise in disease events. In order to
mitigate these potential biases, we used total reports per
year as the denominator in order to normalize the data
across time periods. Countries with stronger informal
reporting systems or more reliable Internet connections
at baseline may be disproportionately represented in
some of the reported outbreaks as well. Increased aware-
ness of this population might also have contributed to
increased reporting over time. Case counts and the iden-
tification of the last ProMED outbreak report in the
series may have been affected by the terminology used
in the body of the post and the search terms selected for
this study. Diarrheal disease not otherwise specified was
categorized independently of cholera. As a result, the oc-
currence of cholera in this study population may be
underestimated, as cases of cholera may have been mis-
classified under diarrheal disease. Influenza-like illness
causes considerable morbidity in this population but was
not reported in the ProMED dataset [36]. Chronic infec-
tious diseases and non-communicable diseases were not
considered here, although morbidity associated with
non-communicable diseases warrants further investiga-
tion. Finally, it is important to note that the data pre-
sented here represent a static overview of outbreaks over
the study period. Migration patterns change over time in
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the setting of new conflicts or economic upheaval, inex-
orably affecting infectious disease epidemiology. Our
analysis focuses on overall trends as opposed to poten-
tially changing events over the study period.

Conclusions

The response to disease outbreaks in forcibly displaced
populations can be enhanced through clear lines of
communication, and with varied surveillance systems
working together to enable prompt detection and isola-
tion of emerging threats. This is the first study to our
knowledge that has used informal disease monitoring to
provide a global and long-term description of infectious
disease outbreaks among forcibly displaced persons.
While the focus of this analysis used ProMED data, fu-
ture studies should include additional informal disease
monitoring and reporting systems to elucidate compre-
hensive, longitudinal outbreak trends among forcibly
displaced populations. The outbreak events documented
in this study demonstrate the need for timely and accur-
ate infectious disease monitoring and reporting tools in
humanitarian crises.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/513031-020-00295-9.

Additional file 1: Supplementary Table 1. Outbreak report counts by
country/territory as reported by ProMED. Supplementary Table 2.
Cases (suspected and confirmed) in displaced persons reported in
ProMED by year.

Acknowledgments

The authors would like to acknowledge Yecai Liu for his contributions to this
manuscript and the CDC reviewers for their thoughtful review and input to
the manuscript as it went through CDC clearance.

Authors’ contributions

AD, JR, BL, LM, and NM designed and conceived of the study. JR and AD
conducted primary data collection, analysis, and data entry. BL supervised
data entry and integrity. AD and JR performed primary data analysis. AD
conducted secondary data analysis. AD prepared the figures and wrote the
manuscript with the assistance of BL, LM, and NM. The author(s) read and
approved the final manuscript.

Funding

The funding sources had no role in conception, design, writing, or editing of
the manuscript. This publication was made possible in part by Grant Number
T32 AI007433 from the National Institute of Allergy and Infectious Diseases
and the International Society for Infectious Diseases, and its contents are
solely the responsibility of the authors and do not necessarily represent the
official views of the NIH. The findings and conclusions in this report are
those of the author(s) and do not necessarily represent the official position
of the Centers for Disease Control and Prevention/the Agency for Toxic
Substances and Disease Registry.

Availability of data and materials

All reports are publically available at www.promedmail.org. The datasets
used and/or analyzed during the current study are available from the
corresponding author on reasonable request.


https://doi.org/10.1186/s13031-020-00295-9
https://doi.org/10.1186/s13031-020-00295-9
http://www.promedmail.org

Desai et al. Conflict and Health

(2020) 14:49

Ethics approval and consent to participate
All data are publicly available, and no individual-level data are reported.

Consent for publication
Not applicable.

Competing interests
None reported.

Author details

"International Society for Infectious Diseases, Brookline, MA, USA. 2Brigham &
Women's Hospital, Division of Infectious Disease, Boston, MA, USA. *Centers
for Disease Control and Prevention, Atlanta, GA, USA. 4Umversity of
Massachusetts Medical School, Worcester, MA, USA.

Received: 26 November 2019 Accepted: 15 July 2020
Published online: 22 July 2020

References

1.

Escutia G, McDonald E, Rodriguez-Lainz A, Healy J. Demographic and travel
characteristics of travel-associated Zika virus infection case-patients in San
Diego County, California (January 1, 2016-march 31, 2017). J Community
Health. 2018;43(3):566-9. https://doi.org/10.1007/510900-017-0453-1.

Tataryn J, Vrbova L, Drebot M, et al. Travel-related Zika virus cases in
Canada: October 2015- June 2017. Can Commun Dis Rep. 2018;44(1):18-26.
St John R, King A, de Jong D, Bodie-Collins M, Squires SG, Tam TW. Border
screening for SARS. Emerg Infect Dis. 2005;11(1):6-10.

UNHCR. Global Trends: Forced Displacement in 2016. The UN refugee
agency. www.unhcr.org/en-us/statistics/unhcrstats/5943e8a34/global-trends-
forced-displacement-2016.html. UNHCR, 19 June 2017.

MacPherson D, Gushulak B, Macdonald L. Health and foreign policy:
influences of migration and population mobility. Bull World Health Organ.
2007;85(3):200-6.

Golicha Q, Shetty S, Nasiblov O, et al. Cholera Outbreak in Dadaab Refugee
Camp, Kenya-November 2015-June 2016. MMWR Morb Mortal Wkly Rep.
2018,67(34):958-61. https://doi.org/10.15585/mmwr.mm6734a4.

Vairo F, Di Bari V, Panella V, et al. An outbreak of chickenpox in an asylum
seeker centre in Italy: outbreak investigation and validity of reported
chickenpox history, December 2015-May 2016. Euro Surveill. 2017,22(46).
https://doi.org/10.2807/1560-7917.E5.2017.22.46.17-00020.

Ciccozzi M, Riva E, Vita S, et al. An acute febrile outbreak in a refugee
community of an Italian asylum seeker center: lessons learned. Public
Health. 2018 Oct;163:16-9. https://doi.org/10.1016/j.puhe.2018.05.026.
Al-Abdullah N. A measles outbreak in a refugee community in Jeddah City,
Saudi Arabia. J Hosp Infect. 2018. https://doi.org/10.1016/jjhin.2018.05.018.
UNHCR Health Information System. Available at https://www.unhcr.org/
protection/health/4a3374408/health-information-system-toolkithtml.
Accessed 12 Feb 2019.

Dubray C, Guha-Sapir D. Health in Humanitarian Emergencies. Ed Townes D,
Gerber M, Anderson M. Chapter 5: Epidemiology. 2018. Cambridge
University Press.

Yang YT, Horneffer M, DiLisio N. Mining social media and web searches for
disease detection. J Public Health Res. 2013;2:17-21.

GHPIN. About GPHIN. https://gphin.canada.ca/cepr/aboutgphin-rmispenbref.
jsp?language=en_CA. Public Health Agency of Canada Center for
Emergency Preparedness and Response. Mar 15 2017. Accessed 17 May
2020.

Linge JP, Steinberger R, Weber TP, et al. Internet surveillance systems for
early alerting of health threats. Euro Surveill. 2009;14(13):19162. Published
2009 Apr 2.

MEDISYS. https://medisys.newsbrief.eu/medisys/homeedition/en/home.html.
Accessed 17 May 2020.

Carrion M, Madoff L. ProMED-mail: 22 years of digital surveillance of
emerging infectious diseases. Int Health. 2017,9(3):177-83. https://doi.org/10.
1093/inthealth/ihx014.

HealthMap. About Us. HealthMap; 2018. https://healthmap.org/site/about.
Accessed 12 Feb 2019.

World Health Organization. Emergencies: Disease Outbreaks: WHO; 2018.
http://www.who.int/emergencies/diseases/en/. Accessed 12 Feb 2019.

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

32.

33.

34,

35.

36.

Page 10 of 10

Anyamba A, Chretien JP, Britch SC, Soebiyanto RP, Small JL, Jepsen R, et al.
Global disease outbreaks associated with the 2015-2016 El Nino event. Sci
Rep. 2019 Feb 13;9(1):1930.

Fisher MC, Henk DA, Briggs CJ, Brownstein JS, Madoff LC, McCraw SL, et al.
Emerging fungal threats to animal, plant and ecosystem health. Nature.
2012,484(7393). https.//doi.org/10.1038/nature10947.

Desai AN, Anyoha A, Madoff LC, Lassmann B. Changing Epidemiology of
Listeria monocytogenes Outbreaks, Sporadic Cases, and Recalls Globally: A
Review of ProMED Reports from 1996-2018. Int J Infect Dis. 2019;84:48-53.
Bijkerk P, Monnier AA, Fanoy EB, Kardamanidis K, Friesema IH, Knol MJ.
ECDC Round Table Report and ProMed-mail most useful international
information sources for the Netherlands Early Warning Committee. Euro
Surveill. 2017;22(14):30502. https://doi.org/10.2807/1560-7917.ES.2017.22.14.
30502.

Akwar H, Kloeze H, Mukhi S. Development and Validation of a
Standardized Tool for Prioritization of Information Sources. Online J
Public Health Inform. 2016;8(2):e187. Published 2016 Sep 15. https://doi.
0rg/10.5210/0jphiv8i2.6720.

Barboza P, Vaillant L, Le Strat Y, et al. Factors influencing performance of
internet-based biosurveillance systems used in epidemic intelligence for
early detection of infectious diseases outbreaks. PLoS One. 2014;9(3):¢90536.
Published 2014 Mar 5. https://doi.org/10.1371/journal.pone.0090536.

Yan SJ, Chughtai AA, Macintyre CR. Utility and potential of rapid epidemic
intelligence from internet-based sources. Int J Infect Dis. 2017,63:77-87.
https://doi.org/10.1016/}jid.2017.07.020.

Castelli F, Sulis G. Migration and infectious diseases. Clin Microbiol Infect.
2017;23(5):283-9. https://doi.org/10.1016/j.cmi.2017.03.012.

Gulland A. Refugees pose little health risk, says WHO. BMJ. 2015;351:h4808.
https://doi.org/10.1136/bmj.h4808.

Eiset AH, Wejse C. Review of infectious diseases in refugees and asylum
seekers-current status and going forward. Public Health Rev. 2017;38:22.
https://doi.org/10.1186/540985-017-0065-4.

El-Hamad |, Pezzoli MC, Chiari E, et al. Point-of-care screening,
prevalence, and risk factors for hepatitis B infection among 3,728
mainly undocumented migrants from non-EU countries in northern
ltaly. J Travel Med. 2015;22:78-86.

Lam E, Diaz M, Maina AGK, et al. Displaced populations due to humanitarian
emergencies and its impact on global eradication and elimination of
vaccine-preventable diseases. Confl Heal. 2016;10:27.

Chu JJ, Wormann T, Popp J, et al. Changing epidemiology of hepatitis B
and migration—a comparison of six northern and North-Western European
countries. Eur J Pub Health. 2013;23:642-7.

Williams GA, Bacci S, Shadwick R, et al. Measles among migrants in the
European Union and the European economic area. Scand J Public Health.
2016;44(1):6-13. https;//doi.org/10.1177/1403494815610182.

Mitchell T, Lee D, Weinberg M, et al. Impact of enhanced Health
interventions for United States-bound refugees: evaluating best practices in
migration Health. Am J Trop Med Hyg. 2018,98(3):920-8. https://doi.org/10.
4269/ajtmh.17-0725.

Raad Il, Chaftari A-M, Dib RW, et al. Emerging outbreaks associated with
conflict and failing healthcare systems in the Middle East. Infect Control
Hosp Epidemiol. 2018;39:1230-6. https://doi.org/10.1017/ice.2018.177.
Catchpole M, Coulombier D. Refugee crisis demands European Union-wide
surveillance! Eurosurveillance. 2015,;20:30063. https://doi.org/10.2807/1560-
7917.ES.2015.20.45.30063.

Altare C, Kahi V, Ngwa M, Goldsmith A, Hering H, Burton A, Spiegel P.
Infectious disease epidemics in refugee camps: a retrospective analysis of
UNHCR data (2009-2017). J Glob Health Rep. 2019;3:62019064.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1007/s10900-017-0453-1
http://www.unhcr.org/en-us/statistics/unhcrstats/5943e8a34/global-trends-forced-displacement-2016.html
http://www.unhcr.org/en-us/statistics/unhcrstats/5943e8a34/global-trends-forced-displacement-2016.html
https://doi.org/10.15585/mmwr.mm6734a4
https://doi.org/10.2807/1560-7917.ES.2017.22.46.17-00020
https://doi.org/10.1016/j.puhe.2018.05.026
https://doi.org/10.1016/j.jhin.2018.05.018
https://www.unhcr.org/protection/health/4a3374408/health-information-system-toolkit.html
https://www.unhcr.org/protection/health/4a3374408/health-information-system-toolkit.html
https://gphin.canada.ca/cepr/aboutgphin-rmispenbref.jsp?language=en_CA
https://gphin.canada.ca/cepr/aboutgphin-rmispenbref.jsp?language=en_CA
https://medisys.newsbrief.eu/medisys/homeedition/en/home.html
https://doi.org/10.1093/inthealth/ihx014
https://doi.org/10.1093/inthealth/ihx014
https://healthmap.org/site/about
http://www.who.int/emergencies/diseases/en/
https://doi.org/10.1038/nature10947
https://doi.org/10.2807/1560-7917.ES.2017.22.14.30502
https://doi.org/10.2807/1560-7917.ES.2017.22.14.30502
https://doi.org/10.5210/ojphi.v8i2.6720
https://doi.org/10.5210/ojphi.v8i2.6720
https://doi.org/10.1371/journal.pone.0090536
https://doi.org/10.1016/j.ijid.2017.07.020
https://doi.org/10.1016/j.cmi.2017.03.012
https://doi.org/10.1136/bmj.h4808
https://doi.org/10.1186/s40985-017-0065-4
https://doi.org/10.1177/1403494815610182
https://doi.org/10.4269/ajtmh.17-0725
https://doi.org/10.4269/ajtmh.17-0725
https://doi.org/10.1017/ice.2018.177
https://doi.org/10.2807/1560-7917.ES.2015.20.45.30063
https://doi.org/10.2807/1560-7917.ES.2015.20.45.30063

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Data source
	Methodology

	Results
	Discussion
	Conclusions
	Supplementary information
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note



