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Background: Outbreaks of unknown aetiology in complex settings pose challenges and there is little information 
about investigation methods. We reviewed investigations into such outbreaks to identify methods favouring or 
impeding identification of the cause. 

Methods: We used two approaches: reviewing scientific literature and soliciting key informants. Case studies 
were developed through interviews with people involved and triangulated with documents available from the 
time of the investigation. 

Results: Ten outbreaks in African or Asian countries within the period 2007–2017 were selected. The cause was 
identified in seven, of which two had an unclear mode of transmission, and in three, neither origin nor transmis- 
sion mode was identified. Four events were caused by infectious agents and three by chemical poisoning. Despite 
differences in the outbreaks, similar obstacles were noted: incomplete or delayed description of patients, comor- 
bidities confounding clinical pictures and case definitions wrongly attributed. Repeated rounds of data collection 
and laboratory investigations were common and there was limited capacity to ship samples. 

Discussion: It was not possible to define activities that led to prompt identification of the cause in the case 
studies selected. Based on the observations, we conclude that basing case definitions on precise medical obser- 
vations, implementing initial comprehensive data collection, including environmental, social and behavioural 
information; and involving local informants could save precious time and hasten implementation of control 
measures. 

Keywords: communicable diseases, data collection, falsified drugs, low- and middle-income countries, outbreak, poisoning. 
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low-resource countries. 2 New, emerging infectious diseases also 
present first as outbreaks of unknown aetiology, as in the first 
cases of acquired immunodeficiency syndrome, severe acute res- 
piratory syndrome (SARS), Middle East respiratory syndrome and 
coronavirus disease 2019. 3 From our experience and literature 
review, little information is available to the scientific commu- 
nity about outbreaks where the cause is not identified or where 
there is controversy around the primary agent involved. Also, de- 
tailed information regarding the investigation processes in such 
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pidemiologists and public health professionals charged with in- 
estigating outbreaks of unknown aetiology face many common 
hallenges, whether the outbreaks occur in well-resourced or 
ow-resourced areas. 1 Little is known about outbreaks that occur 
n remote settings other than what is highlighted in the global 
cientific literature. A review of ProMed reports of undiagnosed 
isease events shows that those events mainly occurred within 
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outbreaks is scant: what challenges do investigation teams face
for data collection, sample collection, storage and shipment?
Even less well documented is how to propose control measures
while there is still uncertainty about the cause of the outbreak. 
In 2012 Goodman et al. 1 published a review of 14 historically

important syndromic outbreaks initially of unknown aetiology in-
vestigated in the USA and Cuba. The authors identified lessons
learned from which they derived a series of necessary measures,
many of which are not always available in remote settings. 
Dalton et al. 4 proposed a framework for auditing outbreak in-

vestigations in Australia and insisted on the establishment of per-
formance standards in outbreak investigations. However, the re-
sources allocated to investigations vary dramatically from one
country or setting to another and make the identification of such
criteria difficult. Even so, the need for good practices in investi-
gating these outbreaks supports the work presented here. 
As part of the World Health Organization (WHO) Outbreak

Toolkit project, we initiated a review of recent investigations into
outbreaks of unknown aetiology. The Outbreak Toolkit project is
a WHO-coordinated initiative aimed at improving the outcomes
of investigations into outbreaks, of known or unknown aetiol-
ogy, by developing one website with tools and guidance to as-
sist the public health professionals who respond to them ( https:
//www.who.int/emergencies/outbreak-toolkit ). Special attention
was paid to outbreaks for which investigations did not lead to the
determination of the aetiology and those that occurred in remote
or complex settings (especially conflict and hard-to-reach areas),
in humanitarian crises, or in low- and middle-income countries
(LMICs). The aim of this work was to describe the process of inves-
tigation of the outbreaks of unknown aetiology occurring in com-
plex settings and to determine whether certain methods, tech-
niques or strategies of investigation aided or impeded the rapid
identification of the aetiology of the outbreak. In this article we
present a summary of 10 case studies and discuss key findings
that could assist the development of a framework and recom-
mendations for investigating outbreaks of unknown aetiology. 

Methods 
Definition of an outbreak of unknown aetiology 
For this study, an outbreak of unknown aetiology refers to either
an outbreak where a definitive causative agent was not identified
during an initial investigation or an outbreak where a definitive
causative agent was identified during an initial investigation but
the source or route of transmission remained unclear. For the pur-
pose of the study, we classified the outcome of the investigations
as: 
� Complete outcome: the causative agent, its source and mode
of transmission were identified. 

� Incomplete outcome: the causative agent was identified, but
the source or mode of transmission or what triggered the out-
break remained unclear. 

� Unsatisfactory outcome: an underlying causative agent has
been proposed but remains disputed or unconfirmed and no
clear source or mode of transmission could be established. 

Selection of the case studies 
We began by compiling a list of investigations into public health
‘events’ of unknown aetiology that occurred within a 10-y period
2 
from 2007 to 2017. We used two approaches: searching the sci-
entific literature, specialized social media and a WHO repository
of alerts, using standardized keywords described below; and key
informant interviews with representatives of institutions involved
in investigations into outbreaks of unknown aetiology. 
We conducted the search of scientific literature in the PubMed

database using the keywords: (‘Disease Outbreaks’[Mesh] OR ‘dis-
ease outbreak’[TW] OR ‘disease outbreaks’[TW]) AND (uniden-
tified [TW] OR ‘unknown causes’[TW] OR ‘unknown cause’[TW]
OR mysterious [TW]) using the English language. The search of
the ProMed ( https://www.promedmail.org , accessed 22 Decem-
ber 2019) and FluTrackers.com archives ( https://flutrackers.com/
forum/ , accessed 22 December 2019) was conducted using the
keywords ‘undiagnosed’, ‘unknown’ ‘unknown origin’ and ‘myste-
rious’. The records of the WHO Event Management System were
also searched for files relating to outbreaks of unknown origin
(grey literature). Fig. 1 illustrates the search strategy and selec-
tion process for the 10 case studies. 
An important criterion for case study selection was the avail-

ability of health professionals involved in the investigation to
share first-hand information about the process of the investiga-
tion into the outbreak. 

Source of information 

Ten case studies were developed through the collection and
review of primary and secondary documents from the investiga-
tions, including outbreak reports and outbreak situation reports,
line lists, media articles, peer-reviewed journal articles and labo-
ratory reports. The complete list of documents consulted is avail-
able in the Annex (Other sources of information). Key informant
interviews with health professionals directly involved in the inves-
tigations were conduc ted using a semistruc tured interview guide.

Analysis 
For each of the case studies we tracked the factors and activi-
ties that either promoted or impaired the progress of the investi-
gation towards the outcome. Investigations that identified clear
causative agents were compared with those that did not. 

Definition 
The term ‘transnational institution’ describes any organization
that has a presence in more than one country and routinely draws
on material resources and expertise of more than one country. 

Results 
Description of the ten outbreaks 
The 10 case studies reviewed are summarized in Table 1 . 

Outcome of the investigations 

A clear causative agent was identified in 7 of 10 case studies. In
five of these, both the source and the route of transmission were
identified (complete outcome) (Table 2 ). In the remaining two

https://www.who.int/emergencies/outbreak-toolkit
https://www.promedmail.org
https://flutrackers.com/forum/
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Figure 1. Selection process of the 10 cases studies for the review of investigations of outbreaks of initially unknown aetiology in complex settings. 
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ase studies, a compelling causative agent was identified but the 
vent remained unexplained (incomplete outcome). These case 
tudies were classified as incomplete because in Liberia there 
as no explanation for the sudden clustering of unusual forms of 
eningococcal disease and septicaemia, and in Cambodia there 
as no definitive explanation for the unusually high case fatality 
atio (CFR) observed in the enterovirus 71 outbreak at the cen- 
re of the case study. For the three remaining case studies, Viet- 
am, Congo and São Tomé and Príncipe, while the outbreaks have 
t times been attributed to various infectious and non-infectious 
gents, there is no consensus by the partners involved in the in- 
estigation about the agent primarily driving the event (unsatis- 
actory outcome). 

ublic health intervention 

ive investigations [Angola, Nigeria, Democratic Republic of the 
ongo (DRC), Liberia and Cambodia] resulted in public health in- 
erventions or general awareness raising that contributed to the 
arly conclusion of the acute events. In Cameroon, the investiga- 
ion lasted for 2 y before a plausible aetiology was identified and 
 control programme implemented. In São Tomé and Príncipe 
nd Ethiopia, the combination of messages and awareness of the 
opulation about hygiene, in conjunction with favourable climatic 
actors, likely led to the resolution of the event. We were unable 
o document with precision whether the events in Vietnam and 
ongo had been resolved by 2022. 

lace and magnitude 

ight of the ten case studies occurred in African countries and 
wo in East Asia. All the events occurred in LMICs, with seven 
ccurring in impoverished, remote and difficult-to-access com- 
unities. The magnitude of the outbreaks varied significantly: 
he largest outbreak extended over an entire country, two in- 
olved poor suburbs of a capital city, six affected villages in re- 
ote areas and the smallest outbreak was restricted to a suburb 
f a district capital. The number of cases reported varied from 

0 to > 3000. 

yndromic categories 

e observed three case studies with neurological syndromes, 
ne with gastrointestinal syndrome associated with neurological 
anifestations, one with severe respiratory syndrome with neu- 
ological manifestations, three with cutaneous syndromes, one 
ith fatal febrile syndrome and one with acute jaundice syn- 
rome. The severity of the event, based on CFR, varied from an 
stimated 0 to 98% (Table 1 ). 
3 
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Table 2. Classification of the 10 case studies according to the outcome of the outbreak investigation, country, syndrome, year of initial investi- 
gation and references 

Category Case study country Syndrome 
Year of 

investigation References 

Complete outcome Angola Neurological 2007 
Nigeria Neurological 2010 5 –12 

DRC Neurological 2014 13 

Ethiopia Acute jaundice syndrome 2017 
Cameroon Fatal eruptive lesions and rash 2017 14 

Incomplete outcome Liberia Severe gastrointestinal and neurological 
syndrome 

2017 15 , 16 

Cambodia Fatal respiratory and neurological 
syndrome—hand, foot and mouth disease 

2012 17 , 18 

Unsatisfactory outcome Congo Fatal febrile illness 2017 
Vietnam Fatal and severe skin conditions, multipunctate 

palmoplantar hyperkeratosis 
2011 

São Tomé and Príncipe Necrotizing cellulitis 2016 19 
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nvestigation time frames 

t was not possible to ascertain an exact start date for most of the
vents, but the estimates available indicated that the delay be- 
ween onset of the outbreak and an investigation being initiated 
anged from 1 d (in Liberia) to several months, with a mean of 
.7 months and a median of 2.0 months. For the five case stud- 
es with a complete outcome, the duration of the investigation 
n four of the case studies varied from 1 to 5 months and in the
ther case study, Cameroon, it lasted > 34 months with iterative 
eriods of field work. For the two case studies with incomplete 
utcomes, Liberia and Cambodia, the investigations lasted for 
5 d and 1 month, respectively. Of the three events with unsatis- 
actory outcomes, two were investigated iteratively over several 
ears (São Tomé and Príncipe, Vietnam) and, to our knowledge, 
ne was not monitored after an initial brief investigation lasting 
 few days (Congo). 

nvironmental surveys and case–control studies (CCSs) 
nvironmental surveys were conducted in five of the case study 
nvestigations and were considered a key factor in finding the ae- 
iological agent or its source in three of the case studies, all of 
hich had complete outcomes. In the other two outbreaks where 
nvironmental surveys were performed, one with an incomplete 
utcome and one with an unsatisfactory outcome, they did not 
lay a role in identifying the agent or its source. 
CCSs were conducted as part of six investigations (Angola, 

iberia, São Tomé and Príncipe, DRC, Cameroon, Cambodia) and 
equested, though not performed, in a further two investigations 
Ethiopia, Congo). The CCSs proved to be of limited utility in most 
f the investigations and potentially may have hindered some of 
hem. In Cameroon, logistical constraints arising from instability 
n the area meant that only a clustered and small number of sus- 
ected cases could be enrolled in the CCS, limiting extrapolation 
f the findings. In the Angola case study, the CCS failed to cor- 
ectly identify the causative agent and identified several indirect 
nd erroneous risk factors. In the Liberia case study, the CCS er- 
oneously appeared to indicate that consumption of some spe- 
ific food products were risk factors for infection. It is likely that 
he findings were an artefact of the causative agent being spread 
mong a group of people sharing a meal; however, the findings 
ere initially interpreted as being indicative of a foodborne out- 
reak. In the DRC case study, the CCS was performed only after 
he correct causative agent had been identified, meaning that it 
ad little impact on the trajectory of the investigation. In Cam- 
odia, the CCS exploring the treatment modalities as a possible 
ause of the high CFR was inconclusive. As it is still unclear what 
ausative agent was responsible for the São Tomé and Príncipe 
vent, it is difficult to understand the relevance of the findings 
roduced by the CCS. 
Three investigations benefitted from a cross-sectional door- 

o-door survey, which helped to describe the geographic distribu- 
ion of cases and establish baseline numbers (Angola), estimate 
he rate of increased mortality in households (Nigeria) and define 
he geographic spread and epidemiological features of the event 
Vietnam). 

aboratory investigations 
ll 10 of the case studies involved laboratory testing and 8 case 
tudies involved more than two rounds of laboratory testing. In 
ine of the events, laboratory support was acquired outside the 
ffected country. In eight of these events, environmental sam- 
les, including soil, water, pharmaceuticals and food were tested, 
n addition to human biological samples. 
Two distinct approaches to laboratory testing emerged across 

he case studies. One approach involved the use of targeted 
esting to confirm the presence of a particular causative agent 
uspected through clinical assessment, environmental investi- 
ation and interpretation of the descriptive epidemiology. The 
ther approach involved identifying the causative agent by 
5 
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subjecting human or environmental samples to either non-
specific tests or tests that simultaneously test for a multitude
of possible causative agents. Both approaches proved effective
at times. ‘Scattershot’ testing appeared to offer significant ad-
vantages when investigating an outbreak of unknown aetiol-
ogy where there was an atypical clinical presentation of the
causative agent, as occurred in Liberia. In the case of chemical
poisonings, laboratory investigations were most effective when
the clinical syndrome pointed to a specific substance or group of
substances. 
In all 10 case studies, diagnostic testing revealed high burdens

of other infectious or environmental disease-causing agents.
There was also one incident of a false-positive result that nearly
prematurely ended investigations. There were also two false-
negative results, the impacts of which were mitigated through
the testing of different sample types, the use of a variety of tests
and the testing of severely ill patients. 
The collection, storage and transport of samples often proved

logistically challenging and were hampered by a lack of techni-
cal knowledge or adequate material, issues around interinstitu-
tional coordination and significant resource constraints. Recur-
ring issues included uncertainty around which samples to collect,
poor quality of the samples, inadequate sample documentation,
problems with packaging and storage during transport, difficul-
ties getting official clearance for sample export, difficulties identi-
fying an appropriate laboratory to perform the testing, the cost of
specific laboratory tests and samples going missing at all stages
of the testing process. A failure to communicate salient medi-
cal information and contextual indications that might guide lab-
oratory investigations was reported as hampering testing efforts.
Difficulty in linking laboratory test results to individual patients
was widely reported as impairing the interpretation of laboratory
findings. 

Partnership and collaboration 
All 10 of the case study investigations involved the WHO (repre-
sented by country office, regional office or headquarters) and at
least one other transnational institution in addition to the na-
tional ministry of health. Nine of the case studies featured at
least three transnational institutions and most involved more.
The most common transnational institutions were Médecins Sans
Frontières (MSF), the US Centers for Disease Control and Pre-
vention (CDC) and Institut Pasteur. The CDC was involved in
seven investigations either directly, via its national offices or
via the WHO Global Outbreak Alert and Response Network. In-
stitut Pasteur and MSF played important roles in five of the
investigations. 
Doctors or toxicologists outside the affected country were

consulted in seven case studies through teleconferences and the
circulation of photos, videos or case descriptions of patients. This
consultation facilitated the identification of the agent or the syn-
drome in five case studies, in some cases by concluding that a
chemical cause was unlikely, thus narrowing the focus. External
collaborators assisted with the identification of suitable labora-
tories to undertake testing. This was particularly important for
chemical analyses, as there is no established global network of
toxicological laboratories. 
6 
Analysis of the cause of late recognition of the 
aetiology of the outbreak 
Clinical characterization and development of a case definition 

In five (half) of the case studies, the event was initially incor-
rectly attributed to a specific notifiable disease, namely, menin-
gitis, malaria, hepatitis or Ebola. These early misdiagnoses were
based on initial clinical assessment, location of the event, season
and local epidemiology. For example, in Nigeria, meningitis was
initially suspected, so fever was included in the first case defini-
tion despite many cases having been afebrile, as the true cause
was lead poisoning. 
Unusual or atypical clinical presentations were a recurring hin-

derance. For example, the unusually severe clinical pictures with
high CFRs in the Ethiopia and Cambodia case studies initially ap-
peared to contraindicate the correct diagnoses of hepatitis A
and EV-71, respectively. In three further case studies (Angola,
Liberia, Cameroon), the agent responsible for the outbreak was
suspected early during the investigation but discarded as a re-
sult of perceived incompatibilities with the clinical picture or epi-
demiological features (compared with academic knowledge) or
a lack of comprehensive knowledge of local disease incidence. In
the Angola case study, bromide compounds were initially consid-
ered as a potential causative agent. They were discarded because
the clinical picture did not correspond to any known descriptions
of acute or chronic bromide poisoning. The unexpected clinical
presentations were secondarily attributed to a range of factors,
including co-infections (Ethiopia, Cameroon), the presence of co-
morbidities, malnutrition, and poor health status (Ethiopia), alco-
holism (São Tomé and Príncipe, Liberia), the use of immunosup-
pressant therapies before admission (Cambodia), the genetics of
the affected population (Cambodia, Vietnam) or the method of
estimating CRF using only hospital-admitted patients in the de-
nominator (Cambodia). 

Epidemiological information 

For two events with incomplete outcomes, Vietnam and Congo,
the absence of systematic reporting of patient histories and thor-
ough descriptive epidemiology hindered the exploration of pos-
sible routes of transmission and the generation of an adequate
explanation for the event. 
Two outbreaks presented with unusual epidemiological fea-

tures. In Liberia, the apparent presentation of a point source out-
break following a social event triggered the search for a food
poisoning–associated aetiological agent. Later, the outbreak was
confirmed as a cluster of septicaemia of Neisseria meningitidis
serogroup C, which is spread through human-to-human trans-
mission. By the time the correct aetiological agent was identified,
it was no longer possible to explore the transmission pattern of
this unique outbreak of septicaemia of N. meningitidis serogroup
C. Second, in Cameroon, the results of an entomological investi-
gation published 1 y after the alert identified the agent of visceral
leishmaniasis in sand flies captured in the area, a geographic fo-
cus of visceral leishmaniasis that was previously unknown. This
triggered further epidemiological and laboratory investigations
and allowed the identification of the source of the long-lasting
outbreak for which leishmaniasis had already been suspected
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aboratory information 

aboratory testing of samples identified the presence of numer- 
us aetiological agents in all the case studies. In the Congo case 
tudy, four cases that tested positive for yellow fever at the field 
evel were secondarily identified as false positives after a second 
esting; in the same case study, an incidental finding of a holoen- 
emic infectious agent, Plasmodium falciparum , appears to have 
runcated the investigation. 
Perceived risk and consequent prioritization of laboratory test- 

ng of highest-risk pathogens hindered investigation of the out- 
reak in Ethiopia. While hepatitis A virus was the most likely 
ausative agent and was subsequently proven to be the correct 
ausative agent with respect to the clinical and epidemiological 
icture, it was not requested for testing before the second round 
f samples was sent to the Dakar Pasteur Institute. Instead, initial 
aboratory investigations focused on testing for severe diseases 
uch as yellow fever, Ebola virus disease and dengue fever. 

rocess of investigation 

he process of identifying the correct causative agent was of- 
en iterative, requiring multiple forms of evidence gathering. The 
equence of investigative activities varied between case studies 
nd sometimes involved repeating the same investigative activity 
any times, such as laboratory testing, CCSs and environmental 
urveys. 

ocumentation of the investigations and their findings 

ublished accounts of previous investigations into similar events 
roved helpful in investigating an outbreak with an unusual clin- 
cal or epidemiological presentation in two of the case studies 
Ethiopia, Angola). At the time of this writing, five of the case stud- 
es have been published in peer-reviewed journals. However, little 
s said about the challenges faced in the investigations. Accounts 
f the investigations appear in reports on institutional websites, 
n ProMed posts or as training or conference materials. 

iscussion 

e focused our efforts on identifying and describing the transna- 
ional responses to outbreaks that do not systematically gener- 
te public attention and that suffer from limited resources for 
nvestigation. These settings have proven to be possible sources 
f emerging diseases with pandemic potential, such as SARS in 
003 20 and the H1N1 swine-origin influenza pandemic in 2009. 21 
n important criterion for selection of the 10 case studies was the 
vailability of first-hand information on the investigations from 

ublic health professionals (most of them are co-authors of this 
tudy). We intended to use this information to evaluate the in- 
estigatory practices and the difficulties faced, as well as to gain 
nsights into factors that favour or limit identification of aetiolo- 
ies, sources or transmission patterns in remote settings. To our 
nowledge, best practices in the investigation of outbreaks of un- 
nown aetiology in remote settings do not yet exist. 
As a retrospective analysis of the investigations, there are 

ome limitations. The accounts of the investigations are not all 
erified in official reports and might sometimes even contradict 
he official version. As some outbreaks occurred 10 y ago, there 
ay be some gaps in the recall of the investigation process by 

nformants and some descriptions may be incomplete. 
It was difficult to clearly identify investigative methods univer- 

ally favouring or limiting outbreak resolution because of the wide 
ariation in the type, severity, time frame and scale of the events. 
owever, some common challenges were identified: difficulty in 
enerating an effective case definition; the iterative process of the 
nvestigative activities, with consequent resource needs; difficulty 
n integrating the social and epidemiological environments into 
he analysis; difficulties in obtaining timely and good-quality lab- 
ratory investigations; and multiple positive laboratory findings of 
ariable relevance. Factors that facilitated the investigations were 
he use of remote expert support via video or pictures of clini- 
al findings and collaboration between national and international 
nstitutions. 
Interviewees reported that a major challenge during the in- 

estigation of outbreaks of unknown aetiology was obtaining ac- 
urate and complete descriptions of clinical signs and symptoms, 
atient history and complete epidemiology of the event. As with 
ilarug et al. 22 in Thailand, who described in the 1990s the asso- 
iation in one outbreak of influenza A with dengue fever, we high- 
ight that secondary medical conditions, whatever the cause, play 
n important role in transforming the medical picture into one 
hat is unexpected, atypical or confusing when compared with 
urrent knowledge and medical textbooks. One consequence of 
omplex clinical presentations is that investigations are hindered 
s a result of an imprecise case definition. New disease trackers 
ave been developed and can eventually serve to accelerate the 
dentification of the disease 23 ; however, the quality of the case 
escription remains the key to the success of the disease tracker. 
The complexity of the scenarios makes iterative investigations 

ikely to first exclude more common causes or those easier to as- 
ess. However, investigations could have been better targeted in 
ome cases had more precise and complete data been gathered 
rst. Our study shows that when investigating outbreaks in com- 
lex settings, it is necessary to take account of the setting and 
ontext, including societal fac tors direc tly or indirec tly affec ting 
ealth. In investigating a cluster of cancer cases in the USA, Simp- 
on et al. 24 recommended active listening, which seeks out peo- 
les’ perspectives, validates their concerns and engages them in 
he investigative process. In Cuba, the authors of an investiga- 
ion into an outbreak of optic and peripheral neuropathies doc- 
mented the myriad challenges in detecting, investigating and 
ntervening in a syndromic problem in a complex setting of sub- 
tantial social and economic transition, as was the situation in 
ost of our case studies. 1 Guha-Sapir and Scales 25 declared that 
nderstanding the political dynamics of the outbreak setting is 
mportant to undertaking meaningful research and getting the 
esults out in time (or at all). 
In Ethiopia, Liberia and Cameroon, laboratory investigations 

ocused on a variety of agents that were unlikely given clini- 
al and epidemiological analysis. Cornejo et al. 26 reported how 

n unidentified cluster of infection in the Peruvian Amazon 
egion was wrongly attributed using standard microbiological 
ethods; the cause could be identified only by polymerase 
hain reaction using universal primers. In the DRC, the outbreak 
f neurological syndrome initially attributed to meningitis and 
7 
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finally linked to falsified drugs emphasizes the importance of
investigating atypical clinical presentations, of building precise
and objective case definitions and the need for multidisciplinary
approaches. 13 
The results of laboratory investigations in the DRC, Ethiopia,

Cameroon, Vietnam and São Tomé and Príncipe reveal that more
than one agent can be identified in patients’ biological tests dur-
ing investigations but are not always pertinent to the outbreak.
This highlights the danger of deciding on the cause based on the
first positive result. Several factors can contribute during an out-
break, or there may be more than one event occurring concur-
rently, leading to atypical epidemiology. 
Based on analysis of the case studies, we propose the fol-

lowing recommendations to improve the process of investigating
outbreak of unknown aetiology: 

� Investigation 
– Organize a multidisciplinary team whose composition is
adapted to the context and potential aetiologies. Suggested
expertise includes epidemiologists; medical practitioners;
laboratory specialists with material for taking and storing
samples or, where feasible, a mobile laboratory; animal
health specialist representative from a ministry of health; en-
vironmental specialist; and social science expert (anthropol-
ogist, behavioural science expert, sociologist). 

– Be aware and document the event that triggered the alert.
Document what has happened since the alert. Many factors
can modify the transmission mode of an agent, which can
switch from unique source to person to person, or the reverse.

– Create a line list of first cases with clinical characteristics and
comorbidities, and including treatments received before pre-
sentation, which can serve as a test to build hypotheses re-
garding disease aetiology, especially when not successful. 

– Use existing case investigation forms and adapt them to the
context (see WHO Outbreak Toolkit/Standardized data collec-
tion/T0 case report form). 

– When data have already been collected, conduct an audit
of the data comparing them with medical fields or medical
registers. 

– Propose precise, objective, operational, logical case defini-
tions using available information for medical and laboratory
findings, and limit these with time and place criteria. Deter-
mine the sensitivity and specificity required and re-evaluate
as often as needed. 

– Be aware of the effects of comorbidities on atypical clinical
presentations or the epidemiological picture and the possi-
bility of false-positive and -negative laboratory results. 

– Review case definition and hypotheses as new information
becomes available. 

– Collect, via key informants, cultural habits, societal structure,
behaviours and information that can affect the transmission
of an agent. 

– Actively seek local input into investigations via key infor-
mants to draw hypotheses, inform interpretation of the data
and findings and discuss hypotheses for the cause, source or
transmission. 

– Conduct additional studies, such as case–control, only if you
can guarantee that they will be conducted with enough qual-
ity to allow interpretation of findings with confidence (watch
8 
size of the sample, selection of control, quality and reliability
of answers). 

� Proactive preparation for future outbreaks 
– Have modular questionnaires ready to adapt to the situation,
covering medical, epidemiological and environmental issues.

– Establish agreements/memoranda of understanding be-
tween institutions usually engaged in such investigation and
with ministries of health in advance. 

– Establish links with specialist resources such as international
clinical experts, environmental experts and reference labora-
tories, and have clear processes for using them. 

– Support (including with funding) outbreak investigation in-
frastructure, such as a field epidemiology training pro-
gramme and rapid response teams that can facilitate com-
plex investigations. 

� Learn from past outbreaks 
– Publish descriptions of investigations of complex outbreaks,
even when the cause is not determined, to alert the scien-
tific community so that new knowledge from outbreaks can
inform updates to medical texts. 

– Strengthen the WHO Emergency Monitoring System record-
ing of follow-ups and outcomes to serve as an open interna-
tional database of all outbreaks reported. 

Conclusions 
To support countries in addressing the investigation of outbreaks
of unknown aetiology in remote and complex settings, the WHO
Outbreak Toolkit project will use the observations gathered in this
review to develop guidance and tools to improve the quality and
timeliness for initial data collection and investigation of outbreaks
of unknown aetiology. The toolkit hosts several tools: a recently
published WHO manual for investigating outbreaks of possible
chemical aetiology, 27 guidance for investigating clusters of respi-
ratory disease of unknown aetiology and other syndromes 28 and
a questionnaire for early investigation of outbreak of unknown
aetiology, 29 among others. 
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rom internal organizational reports and from key informant interviews. 
he non publicly available data are available upon request. 

eferences 
1 Goodman RA, Posid JM, Popovic T. Investigations of selected histor- 
ically important syndromic outbreaks: impact and lessons learned 
for public health preparedness and response. Am J Public Health. 
2012;102(6):1079–90. 

2 Rolland C, Lazarus C, Giese C, et al. Early detection of public health 
emergencies of international concern through undiagnosed disease 
reports in ProMED-Mail. Emerg Infect Dis. 2020;26(2):336–9. 

3 Mao R, Moa A, Chughtai A. The epidemiology of unknown disease out- 
break reports globally. Global Biosecurity. 2020;1(3). 

4 Dalton CB, Merritt TD, Durrheim DN, et al. A structured frame- 
work for improving outbreak investigation audits. BMC Public Health. 
2009;9:472. 

5 Dooyema CA, Neri A, Lo YC, et al. Outbreak of fatal childhood lead 
poisoning related to artisanal gold mining in northwestern Nigeria, 
2010. Environ Health Perspect. 2012;120(4):601–7. 

6 Lo YC, Dooyema CA, Neri A, et al. Childhood lead poisoning associ- 
ated with gold ore processing: a village-level investigation—Zamfara 
State, Nigeria, October–November 2010. Environ Health Perspect. 
2012;120(10):1450–5. 

7 Plumlee GS, Durant JT, Morman SA, et al. Linking geological and 
health sciences to assess childhood lead poisoning from artisanal 
gold mining in Nigeria. Environ Health Perspect. 2013;121(6):744–50. 

8 Greig J, Thurtle N, Cooney L, et al. Association of blood lead level 
with neurological features in 972 children affected by an acute se- 
vere lead poisoning outbreak in Zamfara State, northern Nigeria. PLoS 
One. 2014;9(4):e93716. 

9 Thurtle N, Greig J, Cooney L, et al. Description of 3,180 courses of 
chelation with dimercaptosuccinic acid in children ≤5 y with severe 
lead poisoning in Zamfara, Northern Nigeria: a retrospective analysis 
of programme data. PLoS Med. 2014;11(10):e1001739. 

0 Moszynski P. Lead poisoning in Nigeria causes “unprecedented”
emergency. BMJ. 2010;341:c4031. 

1 Orisakwe OE, Oladipo OO, Ajaezi GC, et al. Horizontal and vertical dis- 
tribution of heavy metals in farm produce and livestock around lead- 
contaminated goldmine in Dareta and Abare, Zamfara State, North- 
ern Nigeria. J Environ Public Health. 2017;2017:3506949. 

2 Tirima S, Bartrem C, von Lindern I, et al. Environmental remediation to 
address childhood lead poisoning epidemic due to artisanal gold min- 
ing in Zamfara, Nigeria. Environ Health Perspect. 2016;124(9):1471–8. 

3 Peyraud N, Rafael F, Parker LA, et al. An epidemic of dystonic reactions 
in central Africa. Lancet Glob Health. 2017;5(2):e137–8. 

4 Tateng AN, Kirstein OD, Ngouateu OB, et al. First detection of Leish- 
mania donovani in sand flies from Cameroon and its epidemiological 
implications. Trop Med Int Health. 2018;23(9):1014–21. 

5 Bozio CH, Vuong J, Dokubo EK, et al. Outbreak of Neisseria menin- 
gitidis serogroup C outside the meningitis belt—Liberia, 2017: an 
epidemiological and laboratory investigation. Lancet Infect Dis. 
2018;18(12):1360–7. 

6 Patel JC, George J, Vuong J, et al. Rapid laboratory identifica- 
tion of Neisseria meningitidis serogroup C as the cause of an out- 
break – Liberia, 2017. MMWR Morb Mortal Wkly Rep. 2017;66(42): 

1144–7. n
7 Duong V, Mey C, Eloit M, et al. Molecular epidemiology of human en- 
terovirus 71 at the origin of an epidemic of fatal hand, foot and mouth
disease cases in Cambodia. Emerg Microbes Infect. 2016;5(9):e104. 

8 Horwood PF, Andronico A, Tarantola A, et al. Seroepidemiology of hu- 
man enterovirus 71 infection among children, Cambodia. Emerg In- 
fect Dis. 2016;22(1):92–5. 

9 Subissi L, Sousa A, Ba I, et al. A large epidemic of a necrotic skin
infection in the Democratic Republic of São Tomé and Principe: 
an epidemiological study. Int J Infect Dis. 2021;110(Suppl 1): 
S69–76. 

0 Zhong NS, Zheng BJ, Li YM, et al. Epidemiology and cause of severe 
acute respiratory syndrome (SARS) in Guangdong, People’s Republic 
of China, in February, 2003. Lancet. 2003;362(9393):1353–8. 

1 Neumann G, Noda T, Kawaoka Y. Emergence and pandemic potential 
of swine-origin H1N1 influenza virus. Nature. 2009;459(7249):931–9. 

2 Silarug N, Foy HM, Kupradinon S, et al. Epidemic of fever of unknown 
origin in rural Thailand, caused by influenza A (H1N1) and dengue 
fever. Southeast Asian J Trop Med Public Health. 1990;21(1):61–7. 

3 Baldassi F, Carestia M, Moramarco S, et al. Infectious Diseases 
Seeker (IDS): an innovative tool for prompt identification of infec- 
tious diseases during outbreaks. Int J Environ Res Public Health. 
2021;18(6):3216. 

4 Simpson BW, Truant P, Resnick BA. Stop and listen to the people: 
an enhanced approach to cancer cluster investigations. Am J Public 
Health. 2014;104(7):1204–8. 

5 Guha-Sapir D, Scales SE. Challenges in public health and epidemiology 
research in humanitarian settings: experiences from the field. BMC 
Public Health. 2020;20(1):1761. 

6 Cornejo A, Gomes C, Suarez L, et al. An unidentified cluster of infection 
in the Peruvian Amazon region. J Infect Dev Ctries. 2015;9(5):524–9. 

7 World Health Organization. Manual for investigating suspected out- 
breaks of illnesses of possible chemical etiology: guidance for inves- 
tigation and control. Geneva: World Health Organization; 2021. 

8 World Health Organization. Protocol to investigate non-seasonal in- 
fluenza and other emerging acute respiratory diseases. Geneva: 
World Health Organization; 2018. 

9 Perrocheau A, Brindle H, Roberts C, et al. Data collection for outbreak 
investigations: process for defining a minimal data set using a Delphi 
approach. BMC Public Health. 2021;21(1):2269. 

nnex. Other sources of information 

ebsites consulted: 
Disease Outbreak news (DON) 16 November 2007, Unknown 

llness in Angola (who.int) 
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