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ABSTRACT
Background The International Health Regulations require

member states to establish “capacity to detect, assess, notify

and report events”. Event-based surveillance (EBS) can
contribute to rapid detection of acute public health events.
This is particularly relevant in low-income and middle-

income countries (LMICs) which may have poor public health

infrastructure. To identify best practices, we reviewed the

literature on the implementation of EBS in LMICs to describe

EBS structures and to evaluate EBS systems.
Methods We conducted a systematic literature search of

six databases to identify articles that evaluated EBS in LMICs

and additionally searched for grey literature. We used a
framework approach to facilitate qualitative data synthesis
and exploration of patterns across and within articles.
Results We identified 778 records, of which we included
15 studies concerning 13 different EBS systems. The

13 EBS systems were set up as community-based
surveillance, health facility-based surveillance or open
surveillance (ie, notification by non-defined individuals
and institutions). Four systems were set up in outbreak

settings and nine outside outbreaks. All EBS systems were

integrated into existing routine surveillance systems and
pre-existing response structures to some extent. EBS was
described as useful in detecting a large scope of events,
reaching remote areas and guiding outbreak response.
Conclusion Health facility and community-based EBS
provide valuable information that can strengthen the
early warning function of national surveillance systems.
Integration into existing early warning and response
systems was described as key to generate data for action
and to facilitate rapid verification and response. Priority in
its implementation should be given to settings that would

particularly benefit from EBS strengths. This includes areas

most prone to outbreaks and where traditional ‘routine’
surveillance is suboptimal.
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Key questions

What is already known?

» Event-based surveillance (EBS) aims to contribute
to rapid detection of acute public health events, and
supplements indicator-based surveillance (IBS), the
backbone of national surveillance systems.

» To date, no assessment of evidence for best prac-
tices exists.

What are the new findings?

» The scope of EBS is broader than IBS in several
aspects: (1) In outbreaks, EBS was able to identi-
fy outbreak-disease cases and programming gaps
helping to guide the response; (2) EBS was able to
rapidly identify outbreaks and other health hazards
that were not detected by IBS, or before they were
detected by IBS; (3) EBS was able to reach remote
areas and was most used where health facilities
Were scarce.

» Good communication with communities and other
stakeholders were described as key; in addition,
linkage to IBS surveillance and rapid response was
described as essential for all systems as every ver-
ified event needs an assessment and potentially a
response.

What do the new findings imply?

» EBS is a valuable source of data that can strengthen
the early warning function of national surveillance
systems, if integrated into existing surveillance and
linked to response structures.

» Priority in the implementation of EBS should be given
to settings that would particularly benefit from EBS’
strengths such as areas most prone to outbreaks,
where access to the formal health system is limited,
where traditional ‘routine’ surveillance is suboptimal
and where timeliness of notification of epidemic-
prone diseases is of particular importance to mount-
ing a rapid response.

of Geneva, Geneva, Switzerland  The International Health Regulations (IHR)

require member states to have “the capacity
to detect, assess, notify and report events”.! An
event is defined as “a manifestation of disease

or an occurrence that creates a potential for

disease”.! Event-based surveillance (EBS) is the

organised collection, monitoring, assessment

Correspondence to
Dr Anna Kuehne;
anna.kuehne@lshtm.ac.uk

Kuehne A, et al. BMJ Global Health 2019;4:¢001878. doi:10.1136/bmjgh-2019-001878 1

BM)


http://gh.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjgh-2019-001878&domain=pdf&date_stamp=2019-11-10
http://orcid.org/0000-0002-8578-0362
https://orcid.org/0000-0003-3358-3196
https://orcid.org/0000-0002-8634-4255
https://orcid.org/0000-0003-1992-808X
https://orcid.org/0000-0001-5444-9143
https://orcid.org/0000-0003-3458-2945
http://orcid.org/0000-0003-4978-6668

BMJ Global Health 8

and interpretation of mainly unstructured, ad hoc informa-
tion regarding health events or risks, which may represent
an acute risk to human health.” EBS should be monitored
and responded to in real-time. EBS, alongside indicator-
based surveillance (IBS), is a component of the early
warning, alert and response (EWAR) function of a national
surveillance system.” The objective of EWAR is to support
the early detection of, and rapid response to, acute public
health events of any origin.” Thus, EWAR is a key function
of surveillance, particularly in low-income and middle-
income country (LMIC) settings and for humanitarian
emergencies where the epidemic risk is high and other
elements of the surveillance architecture may be limited
or absent.” EBS may provide the earliest detection of any
acute public health event, particularly those that are not
well detected by IBS, or not detected rapidly enough.
Guidance documents discuss the implementation of
EBS within national surveillance systems, prior to and
during humanitarian emergencies.Q'6 However, to date
no assessment of evidence for best practices exists. We
evaluated the peerreviewed and grey literature relating
to the implementation of EBS for outbreak detection in

LMICs in both emergency and non-emergency settings
in order to provide a systematic description of EBS and
to evaluate the strengths and weaknesses of EBS across
both contexts.

METHODS

Key outcomes

The key outcomes included summaries of the (1) quality
of available evaluations, (2) EBS system structure and
event definitions in use, and (3) evaluations of surveil-
lance attributes of the EBS systems.

Search strategy

Following PRISMA guidelines, we conducted a systematic
review to identify peerreviewed literature that presented
data collected by EBS systems in LMICs and/or evalu-
ated EBS systems in LMICs. We searched six databases:
MEDLINE (Ovid MEDLINE and Epub Ahead of Print,
In-Process & Other Non-Indexed Citations and Daily),
EMBASE, Global Health, Northern Light Life Sciences
Conference Abstracts, CINAHL Plus with full text

Table 1 Systematic and grey literature review on event-based surveillance in the field: definitions

EBS For the purpose of this review, we defined EBS as “the organised collection, monitoring, assessment and
interpretation of information of mainly unstructured ad hoc information regarding health events or risks, which may
represent an acute risk to human health”® and require rapid reporting and assessment.?® The events can relate to
the occurrence of epidemic-prone diseases and other chemical and environmental hazards in humans (eg, cluster of
cases of disease, unusual disease patterns, unexplained deaths, chemical spills) or related to potential exposure for

humans (eg, mass deaths among animals).?®

We included EBS systems (as distinct from IBS?) characterised by the following attributes: (1) the source of signal
can be a report from the general public, healthcare workers, community-level volunteers and it is not limited to

the use of data and other information that arrive via a formal IBS system; (2) notifiable events are not defined by
symptoms or syndromes but by (specified or unspecified) events related to health threats; (3) notification from the
field to the EBS system is immediate (rather than planned weekly or monthly); (4) every notified signal requires rapid
verification; (5) every verified event requires a timely response.

EBS as defined by WHO? can include an epidemic intelligence component that is based on the systematic
automated analysis of various media sources (such as Epidemic Intelligence from Open Sources?®® and the Global
Public Health Intelligence Network® on global scale). However, given the difference in structure and remit, we
restricted our review to field-based EBS sourced from informants in health facilities or in the community.

Signal A signal is reported data or information which represent a potential acute risk to human health. It is transmitted
immediately and has not yet been verified to meet the event definition of the EBS system.?

Event The IHR define an event as “(...)a manifestation of disease or an occurrence that creates a potential for disease;
(...)"." In the context of event-based surveillance, an ‘event’ refers to ‘a signal’ that has been verified to meet the
event definition of the EBS system.?

Alert In this document (as in the WHO guidance 2014?), “an alert will refer to a public health event that has been (i) verified

and (i) risk assessed and (iii) requires an intervention (an investigation, a response or a communication).”?

Community-based
surveillance (CBS)

“CBS is the systematic detection and reporting of events of public health significance within a community
by community members”."" It is a surveillance system (IBS or EBS) that relies on defined individuals from the

community (often called community volunteers) who received special training on event definition (for EBS) or case
definitions (for IBS) and who notify signals to the surveillance system.

Health facility-based

surveillance surveillance system.

Open surveillance

A surveillance system (IBS or EBS) that relies on health professionals notifying signals to a next level in the

We use the term ‘open surveillance’ to describe systems that did not specify who can notify signals but were open to

receive signals from anyone (including lay people, media, NGOs, health professionals, teachers etc).

Outbreak setting
Routine setting

Refers to a setting in which EBS was implemented during an outbreak to enhance outbreak-specific surveillance.
Refers to a setting in which the purpose of the EBS system is to contribute to routine surveillance of defined or

undefined events to detect outbreaks and other public health emergencies outside outbreaks.

CBS, community-based surveillance; EBS, event-based surveillance; IBS, indicator-based surveillance; IHR, International Health Regulations; NGO,

non-government organisation; WHO, World Health Organisation.

Kuehne A, et al. BMJ Global Health 2019;4:€001878. doi:10.1136/bmjgh-2019-001878



8 BMJ Global Health

and Africa Wide Information. We included literature
published since the earliest date indexed in each data-
base up to 20 August 2018 in English, French, German,
Portuguese or Spanish. The search terms were related to
(1) event-based surveillance and early warning alert and
response, or (2) different types and channels of surveil-
lance that are used to detect outbreaks or epidemics and
(3) LMICs and regions (online supplementary file 1). The
search strategies included indexed terms where possible
and the list of LMICs was adapted from the standard
list available at OVID MEDLINE based on World Bank
Group classification 2017-2018.” We adapted the search
strategy for MEDLINE and tailored it to each database.
Furthermore, we conducted a backward citation search
and searched the references for each included article for
relevant literature. We repeated all steps of the system-
atic assessment of titles and abstracts and full texts for all
cited references.

Additional grey (unpublished) literature was retrieved
by contacting epidemiologists at agencies and networks
known to be involved in implementation or evaluation
of EBS at the London School of Hygiene and Tropical
Medicine, Médecins Sans Frontiéres, Norwegian Red
Cross, CARE, US Centers for Disease Control (US CDC),
WHO, and the Training Programs in Epidemiology and
Public Health Interventions Network (TEPHINET).

Definitions
We defined the terms EBS and associated terminology in
accordance with WHO guidance2 ® (table 1).

Selection of literature

Following the elimination of duplicates, two researchers
independently assessed the potential relevance of all
papers, starting with titles and abstracts (screening) and
full text (data extraction) using set inclusion and exclu-
sion criteria. A consensus was reached for any discrep-
ancy through discussion between the two researchers.
For conference abstracts that were identified during the
literature search, we contacted the corresponding author
to obtain additional information.

Inclusion criteria
The full text referred to EBS as defined above and to
LMICs as defined by the World Bank Group 2017-2018.”

Exclusion criteria

We excluded any full texts that described the EBS system but
did not provide any data (quantitative or qualitative) on its
functioning or effectiveness. We excluded any full texts that
referred exclusively to (1) either case-based or syndromic
IBS systems, or (2) systems using thresholds (of numbers of
observations) to generate an alert. We excluded full texts
that described mixed surveillance systems (IBS and EBS)

L

—
Records identified through Additional records identified Records identified through grey
database searching (totaln = 370) ¥ through backwards citation - literature search (totaln = 8)
g searches (n = 213)
= (Medline n = 2086) (CDCn=2)
8 (Embase n = 183) (CARE n =1)
2 (Global Health n = 140) (TEPHINET n=2)
= (CINAHL n = 195) (IFRCn=1)
- (Africa Wide Information n = 213)
(Morthern Light Conference
Abstracts n = 33)
= ! !
Records after duplicates removed Records after duplicates removed Records after duplicates removed
o (n=610) (n=162) (n =6)
L
=
S l |
g L J ¥
o Records screened based on title Records excluded based on title and abstract P Records screened based on title Records screened based on title
and abstract (n = 610) (n=542;142;0) and abstract (n = 162) and abstract (n = 6)
— [«
l ] ]
—
Records for full-text screening | | Records excluded because full-text/ additional |, Records for full-text screening Records for full-text screening
= {n=68) information unavailable (n=2; 1; 1) - (n=20) (n=6)
% l Full-text articles excluded, with reasons ¥ ‘|..
B Full-text articles assessed for (NaLMICn =0;1; 0) e Full-text articles assessed for Full-text articles assessed for
eligibility (n=66) (Animal/livestock surveillance only n = 1; 0; 0) - eligibility (n=19) I eligibility (n =5)
—
l (Mo EBS system described n = 24; 11; 0) l
) (Mo data collected through/about EBS presented for =
Records included by systematic any surveillance system attribute n = 20; 4; 1) Records included by backwards Records included by grey
h{n=13 itationsearch (n=1 i =
E searchi{n ) (1BS and EBS data not described/evaluated Giationseat ) IRSratireisearchi{n =3}
] separatelyn=8; 2; 0)
'E (No permission for inclusion n=0; 0; 1)
h 4
Records included in qualitative synthesis (n = 17, based on 15 studies covering 13 different EBS systems)

Figure 1 Systematic and grey literature review on event-based surveillance in the field: PRISMA flow chart for systematic
literature review (black ink letters) and grey literature search (blue ink letters) and backward citation search (green ink letters)
describing identification, screening, eligibility and inclusion. EBS, event-based surveillance; IBS, indicator-based surveillance;

LMIC, low-income and middle-income countries.
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if the evaluation did not provide detailed information on
the EBS component. In addition, descriptions of EBS that
focused on animal health without any link to the human
health were excluded. Finally, we did not include global
EBS that relied on algorithms for detection of media or
social media activity only.

In the case of multiple publications based on the same
EBS system/dataset, the quality and content were assessed
simultaneously. Structure and components are described
by EBS system (and not by publication or by dataset).

Assessment of quality of studies

We assessed the quality of the evidence using the GRADE
approach.® In addition, we developed a score to eval-
uate the quality of the evaluation based on the guidance
by CDC for evaluating surveillance systems.” We based
our approach on the eight key elements of surveillance
system evaluation described by CDC’ and added two
additional categories: “response mechanism described”
and “feedback mechanism to stakeholders described”.
We scored the quality of description of the surveillance
system (0-2 points). Zero points applied for “not stated/
missing information”, one point for “incomplete descrip-
tion” and two points for “comprehensive description”. We
calculated a summary score (0-20 points) for the quality
of description. In addition, we graded each attribute eval-
uated and the comprehensiveness of evaluation using a
simple colour scheme (green: comprehensively evalu-
ated; yellow: partly evaluated; red: not evaluated).

Data extraction

We extracted information for each study using a stand-
ardised form assessing quality of the description, context,
event definitions, characteristics and attributes evaluated.

Data synthesis

We used a framework approach'’ to facilitate qualita-
tive data synthesis and exploration of patterns within
and across articles. We summarised quantitative results
without pooling the data as the lack of standardisation
between surveillance systems and evaluations does not
allow for the calculation of quantitative summary meas-
ures. Following an inductive process, we developed typol-
ogies of EBS systems separately for outbreak and routine
contexts. We synthesised available information for each
of 10 defined attributes of surveillance systems’ using the
framework approach.'’

Patient involvement
Design, literature search, data synthesis and interpreta-
tion were done without patient involvement.

RESULTS

Selection of literature

After deduplication, we screened titles and abstracts of
778 records (systematic literature search, grey search and
backwards search combined) (figure 1). We screened full
texts for 90 records, of which we included 17 (figure 1).

Among the 17 included records were 13 peer-reviewed
publications, one manuscript under peer review, two
conference abstracts including presentations and one
agency report.

All full texts assessed and the reason for exclusion are
available in online supplementary file 2.

Quality assessment

The 17 identified records referred to 15 studies (based on
individual sets of data) and 13 different EBS systems.* "
For the quality appraisal, we assessed each of the 15
studies. Three studies were of low evidence (observa-
tional studies with comparison groups) and 12 were of
very low evidence (observational studies without any
comparison group), according to GRADE.

The quality of description of the EBS system varied
from a summary score of 5/20 to 20/20 (online supple-
mentary file 3). All 15 studies described the objective of
the surveillance system, the event(s) under surveillance
and the components of the EBS system to some extent
(online supplementary file 3). With regards to the attri-
butes described, 9 of the 17 studies described the positive
predictive value of signals to events for the EBS system to
some extent. All other attributes were rarely described
(online supplementary file 3).

Data extraction

Type of studies and context of EBS systems

Of the 15 included studies, 11 studies were evaluations
of EBS systems, three were descriptions of EBS systems
and one was an assessment of the response to EBS alerts
(table 2).

Structure, components and functioning of EBS systems

Event definitions were disease specific in the four EBS
systems in outbreak settings and one routine EBS system.
In other routine surveillance systems, definitions were a
mix of events targeting emerging diseases, unusual events
and early detection of outbreaks (table 3).

Trained lay community volunteers (CVs) notified
events for 6/13 EBS systems, healthcare workers notified
eventsin 2/13 EBS systems, and any member of the public
was able to notify events using the two public telephone
hotlines and in the three centralised surveillance systems
(table 4). A verification and risk assessment mechanism
was described for 11/13 EBS systems and a standardised
algorithm for verification was mentioned in 3/13 EBS
systems (table 4). All EBS systems were integrated into
the routine surveillance system to some extent (table 4).
Routine surveillance staff were involved in the response
in all systems that specified the responding body (12/13).
Six of 13 EBS systems specified a feedback mechanism to
stakeholders (table 4).

Data synthesis

Types of EBS systems in outbreak contexts

Community-based surveillance in outbreak contexts

We identified one community event-based surveillance
(CEBS) system operating during an outbreak: the Sierra

6

Kuehne A, et al. BMJ Global Health 2019;4:€001878. doi:10.1136/bmjgh-2019-001878


https://dx.doi.org/10.1136/bmjgh-2019-001878
https://dx.doi.org/10.1136/bmjgh-2019-001878
https://dx.doi.org/10.1136/bmjgh-2019-001878
https://dx.doi.org/10.1136/bmjgh-2019-001878
https://dx.doi.org/10.1136/bmjgh-2019-001878

<
=
©
[}
T
©
Q
2
(O]
-
=
m

“ana} oibeyLIOWaRY [BIA YHA ‘SIulod UoNEIPAYSI [BI0 YO ‘suoienbey yHesH [eUOieuIaIU] ‘HH] ‘9SEsSsIp SMUIA Bj0qT ‘AT ‘90UE||IaAINS PESEq-JUsA® ‘g3 ‘HUN JUsLWes) BIS|OYD ‘M0 ‘0Iusd JusLwes} I9|0yd ‘0|0 ‘ee0oyLeIp Alejem 8jnoe ‘qmy
*SUOIJIULEP JUSAS SEJ O} UOIIPPE Ul ‘SUONIULEP SSEBO-APUNWWOD SE| PaPNoUl WalsAs ay ],

RSV ESUEYE)

‘uoneoloads Jeyuny oN  yyeay oljgnd [enusiod - Ayou ueo (RousBe/uosied) suokuy o (€102) /e 1o eulbeq
ESUEYE)

y10ads Jaypny oN 'SjuaA® [ensnun ‘aley  Ayou ued (Aousbe/uosiad) suoAuy £2(G1L02) /e 30 duE]

ESTEVE) *sjuane Ayjou
1y10ads Jayyny oN Yilesy [ensnun Auy  siexiom yieay/peseq-Ay|ioe) yyesH ,,(6002) /e Jo ewieys
Jayjoue J91sn|o siyfeydeous 'Sluane Ajljou
BUO JO SY9aM ¢ UIYNM ssau||l padojanap oym Jayio yoes Jo aduelsip Buiiem uiw 0 ulyim Buial ‘sieak Gz pabe ‘saseo sijijeydaous-obuiuaw gz -obujuaW }09dsNg  SISXIOM Uieay/paseq-AH|ioe) yesH  ,.(GL0g) /e 19 JeseN

*SjuBA® AJ1JOU S1983UN|OA

oam e uiyum abe|jin Aue ul Joy1ebo} Aj9solo Ajlensnun BulLINOD0 SBSED Je[IWIS 810W J0 dAl Jo dnoub v 'S9sED JO J9)Sn|D paulel/paseq-Ayunwiwion 2(5002) *e 39 wnQ
*SJUSAS AJIJOU SI9BUN|OA
*S9SNED UMOUMUN WOJ syeap a|diynw yyim sjusne Apenoiped ‘Sjuane yyeay [Ensnun pue syeaidqino asessip ajgeojunuwod Auy *SjUaA® [ENsnun paures}/peseq-Ayunwiwo) ,.(510g) /e 38 ewehol
*SJUSAS AJI10U SI8BIUNJOA 4.(9102) pue
‘uoleoy1oads Jayuny ON "ol ‘Spooj} ‘syieap ANUNwWOoD ‘sajseaw ‘eiajoyd Jo} Axoid se gMyY ‘BsseT+e|joq3 Buipnjoul 4HA 'SJUaA® AUNWWOD 9 paulely/paseq-Aunwiwo) 4 (£10g) /e Jo ussie

*Squil| 8Y1 Ul ssauyeam uappns sdojgasp oym uosiad

Auy "SSOUHIIS 308U PUE JaAd) UM uosiad Auy “Jlis SeW09aq pue pasy Jo ¥ONs 0} d|deun s| ‘sAep g Joye ‘Uay} pue yuiq je AI0 pue 3ons o} a|qe

S| oym ulogmau Auy |ools asool/Asyem sassed oym ApogAue yesiqino ue Jo ased u| ‘[|om se Ajasnjoid Buiiion SawswWwos pue eaouylelp

AKisyem Jo sj0] yum aiow Jo sieah G uosiad Auy “Apoq ayy jo ped Aue wouy Buibiaws swiom ypum uosiad Aue ‘yses pue Jans) yum uosiad Auy

‘Jewiue Jay1o Jo 180 ‘Bop e AQ payol| usag Sey punom asoym Jo payolelos ‘Usnig usag sey oym uosiad Auy

Moam | ulyum Ajunwiwod awes ay3 ul BulAp suosiad aiow Jo om|

*(010 SJB||9S POO} ‘USBIUED ‘|eAl}Sd) ‘|eiauny

‘Buippam ‘Ba) Buimes uanib e ye Bupjulp/Bules Joaye BuIWOA Jo/pue sjools Alayem ssed Jey] suosiad 840w JO OM] "eam | UlyIm Ajunwiwiod

awles ay} Ul sassau||l Jejiwis yum Bunuasaid suosiad aiowl 1o om] yeam | ulyum ‘Aynod Buipnjoul ‘syiesp [ewiue JO Jaquinu Ul 8seaiou| *S]UaA® AJ110U SI9BIUNJOA

'SSOU||I SWES U} 0} dNpP [00YDS WO} JUSSe UaJP|Iyd Jo siequinu abie| pajoadxaun  'SuaAd yleay [ensnun pauleJ}/paseq-Ajunwiwo) (8102) /e 19 lleso

Aunwwoo ayy ul swoldwAs
2l J0 2J0J2Q USSS JOASU SSaU||l ‘UOIFeUIDOBA Jalje SAep 1| UIyIm ssaul|l ‘Aiynod aAIl UM JOBJUOD Jale JaAs) UIM uonoajul Alojesidsal mau
e ‘skep {| ised 8y} Ul pEOIge paj|oAel} SeY Ooym uosiad B Ul JoAd) YIM uonosjul Aiojelidsal mau e ‘uoirelpAyap yum abe jo sieak g< uosied

Aue ul sinoy g ul s|ools Aisyem 801 g< :6uimo||o} 8y} Jo Aue jo yyesp Buisneo Jo uoissiwpe [eydsoy aiinbal 0} ybnous aianss aseo a|buls 1102
'saka pai Ajqissod pue uoijosyul Alojesidsal ‘Yses Jana) Jo Squil| JO SSaUNEaM Uappns Yum abe Jo sieakG|> pliyo auo Bny pasiney “(luana
'sAep 2 1sed 8y} Ul suosiad g< usjig sey jey} Bop Aue Jo suoswos uspig sey Jey) Bop oIS e 4o piges 8q 0} pajoadsns si yey} Bop v UdIym Joy Jojeslpul
‘slewjue osawop yolym uoneonioads
Jay3o Jo Aiinod jo syjesp ‘ewl} awes ay} je swoldwAs Jo adAy Jejiwis sy} yum yois ajdoad ‘ssauj|l Jo puy swes ay} 4o} sauloipaw BulAng sjdoad ou) BJa|oyo ‘saseas|p
Auew jo saioewleyd Je sejes ‘pouad Aep-/ SWES 8y} Ul SSU||I SWES dY} JO 8SNBI8J [00YOS WOJ JUSSTE UaIP|IYD Jo slaquinu abie| pajoadxaun a|qejuanaid-auiooen
'skep  ‘Bzuanjjul UelAe ‘saiges *SJUBAS AJIJOU SI9BUN|OA ¢.(8102) pue
/ @wes 8y} Ul 90e|dyIom Jo ‘|00yds ‘AHuUNWILWOD swes ay} Ul Bulinooo swoldwiAs Jo adAl Jejiwis yum yiesp Jo/pue suosiad pasijelidsoy g< ‘saseasip mau Buibiawg paules/paseq-Ayunwiwo) ,.(8102) /2 10 BIEID

*(S002) "HI 2ui Ag paysi|geisa yiomawely sy} Buisn ysu yyeay o1jgnd e 8sod pinoo ey jJusns Auy
‘(uonuanaid Jo Juswabeuew aseo | ‘6a) Bujurely Jo 3oe| (g) ‘(Juswebeuew
a)sem pue [esodsip pue juswabeuew Apoq) ABajel)s uonelues e Jo 4oe| (2) ‘4eyem ajgejod Jo/pue SaOIAISS SJe0U}Eay 0} SSSI. JO 0§ (9)

‘SdHO 10 SNLD ‘SO1D dy} 4o} Jeys Jo salddns juswdinbs Jo/pue ‘sbnip ‘siouped 1oy pasu (G) (sNLD pue sO1D ‘siendsoy) Ayoedeo juswiesly *‘SJUaA® [ensnun
JusIoIPNSUI () {(S1equisw wes} plaly Jo/pue sisuped [eoo] AQ paledipul Se BIS|0YD JO S9SBO PaLLIJUOD YHM SBaJe Ul) SUJESp 0 S8seD JO siaquinu asuodsal aje|pawiwi *‘SJUaNS (€102
JO seseasoul JueoIubls (g) ‘(@sneod Jaylo Jo eia|oyd) AYuUNWLOoD sy} Ul syyesp (g) ‘(sease aaJy-eiaj0yd Ajsnolrald ul) syyesp 1o sased isii4 (1)  Buuinbai juans eisjoy)  Apou ueo (Aousbe/uosiad) suoAuy /e 1o B||le|Q-elues

‘uojew.oUl Bjogq3
Aue pue syjesp pue ‘SUaNd
‘uoneoloads Jayuny oN saseo e|ogg 9|qiIssod  Ajljou ued (Aousbe/uosiad) suoAuy 12(G102) 2 39 JBIIIN

'S9SED

Blog3 10adsns pue ‘SjuUane
syleap Ajunwwod Auy  Apou ueo (Aousbe/uosiad) suoAuy 2,(9102) /e 39 997
"SjuUane JabbL 02(G102)
paulep XIs ay} Jo AUe Japun |[e} Jou PIP Jey} SJUSAS [BNSNUN JBYI0 8q1I0Sap pue Hodal pinod SIoHUOW Yjeay AHUNWWOoD Jey} 0S papn|oul Sem oy3 pue ,,(9102) /e
Jay1o, (1) ‘Bulysem esdiood Jo [eung ayesun ue (9) ‘lusiyed QAT UE JO J0BIU0D Peap JO YIS E (G) Y8||oAel} peap J0 32IS E (¢) 4a|eay [euoniped} 1o ‘uoissiwsuel} "SJUBAS AJ110U SI8BIUNIOA 18 BUOIS PUE ¢ (91.02)
J9)J0M Y}eay peap Jo YoIs e () ‘Buiysem asdiod Jo [elng ayesun Ue Jaye uosiad peap Jo OIS B (g) ‘ployasnoy e ul siaquusal pesp Jo ¥aIsg< (1) AT 40} sjuans 1abbui| paureJy/paseq-Ayunwwon [e 18 axehAeuiey
uoljulep JUSAg JUBAT  1X3}U0D Yeaiqino/aunnol :Bumes uonesiqnd

(e 1=u) swa1sAs SgT payiiusp! Ul PaquUOSap SB SUOIHULSP JUBAS :p[al} 8l Ul 80UB||IBAINS POSBJ-1USAS UO MaIAaJ ainjesall| Aaub pue oijewsl1sAS ¢ ajqeL

10.1136/bmjgh-2019-001878

€001878. do

4

3

Kuehne A, et al. BMJ Global Health 2019



BMJ Global Health 8

Leonean CEBS implemented during the Ebola outbreak
at national level.'” ' 2" CVs and their supervisors were
specifically identified and rapidly trained; supervisory
staff provided verification and assessment. The district-
level Ebola response system that was already in place at
the local level conducted follow-up if needed.'” "%’ CVs
notified defined Ebola-related events (table 4).17 1920 N
verification or assessment algorithm was specified."

Open surveillance

We identified three EBS systems that were ‘open’ to
receive outbreak-specific event notifications from anyone:
the telephone hotlines during the Ebola outbreak in
Guinea'® and Sierra Leone® allowed anyone to notify
unspecified Ebola-related events; signals received by call
centres were forwarded to the Ebola response structure
in place for verification and response.'®*' Similarly, the
EBS system in place in Haiti at the start of the cholera
outbreak allowed partners within and outside the UN
health cluster to notify an additional list of defined
cholera-related events, including the lack of access to
healthcare and sanitation.” The focus was expanded to
unusual events in general after the outbreak.” Notifica-
tions were received at central level; verification, assess-
ment and response processes were co-ordinated centrally
but supported locally by field response teams. The assess-
ment consisted of several standard items to answer.”

Types of EBS systems in routine contexts

Community-based surveillance in routine contexts

We identified five CBS systems that were functioning as
routine EBS systems in Vietnam,13 14 Ghana,12 Ethiopia,22
Cambodia® and Sierra Leone."” ' CVs were already in place
before the implementation of all five systems.'”'*'* 192 Vs
notified defined syndromes to IBS in addition to events to
EBS in four systems.'*'°*® CVs working in EBS-only systems
were instructed to report any outbreak or unusual event®;
CVs working in combined IBS and EBS systems had specific
definitions for the events (table 4).''°%° All EBS systems in
communities were built on existing IBS systems and infra-
structure. No verification or assessment algorithm was spec-
ified for any of the systems.

Health facility-based surveillance in routine contexts
We identified two different types of health facility-based
surveillance: in Bangladesh, routine health facility-based
IBS in a set of hospitals was complemented by EBS in a
way that clusters of meningo-encephalitis cases were noti-
fied immediately and investigated to identify small-area
Nipah outbreaks.**

In India, a hotline was set up to notify unusual events that
was available to health professionals.27 No verification or
assessment algorithm was specified for any of the systems.

Open surveillance in routine contexts

We identified two ‘open’ surveillance systems: the EBS
system in the Philippines after Typhoon Haiyan could
receive event information through routine surveillance
channels or informal reporting by anyone; steps for

verification, assessment and response were not specified
in the paper.” In Papua New Guinea (PNG), anyone
could notify events to a national EBS coordinator, who
reached out to provincial health authorities for verifica-
tion, assessment and response. A standardised verifica-
tion and assessment form was used and kept as a log.*

Surveillance attributes of EBS systems
Data extraction for each surveillance system attribute can
be found in online supplementary file 4.

Usefulness: events reported and actions taken

All EBS systems detected local outbreaks. All non-
disease-specific and disease-specific EBS systems reported
to have identified confirmed cases and outbreaks among
humans (eg, measles, acute respiratory infections, chick-
enpox, acute watery diarrhoea, malaria, whooping cough,
meningitis, acute flaccid paralysis) and among animals
(eg, poultry die-off, rabies, anthrax) (online supplemen-
tary file 4).'*7% 22 [ addition, natural and man-made
events (eg, floods, riots, chemical events, nutritional
crisis) were reported.”** **

In outbreak contexts, community event-based surveil-
lance (CEBS) during the Ebola outbreak in Sierra
Leone generated a large number of signals (>90%) that
were mainly reported in the category ‘other’ (rather
than in any defined category) and the majority (>85%)
concerned deaths in the community.'” ' % Alerts were
investigated by response teams that were in place."

Open Ebola telephone hotlines during the Ebola
outbreak in Sierra Leone and Guinea received signals for
cases: during a 3-day campaign in Sierra Leone, 75% of
calls were verified as alerts,”" while only 12% of calls were
verified as alerts over 10 months in Guinea.'® Alerts were
investigated by the response teams in place though the
number of true events (identified case(s) meeting the
case definition) was not reported.

In the open cholera EBS system in Haiti, 90% of the
signals received related to cholera (increase in cases,
deaths, lack of supplies etc) but also relevant non-cholera
signals were received including rabies, acute flaccid paral-
ysis, anthrax and non-infectious hazards.”> Alerts were of
use to indicate underserved geographical areas within
which to set up treatment centres, investigate outbreaks,
and carry out community mobilisation and water and
sanitation activities” (online supplementary file 4).

In routine contexts, CEBS systems identified human and
animal health events and other hazards: CEBS in Vietnam
identified mostly signals of handfoot-mouth disease,
suspect dengue, chickenpox, suspect mumps, acute respi-
ratory infections, foodborne diseases and avian influenza
in poultry.”® '* CEBS in Ghana identified increases in
animal deaths, vaccine-preventable diseases and food-
borne diseases.'” CEBS in Ethiopia identified signals for
outbreaks of measles, suspect rabies, anthrax, whooping
cough, acute flaccid paralysis, neonatal tetanus, meningitis,
acute watery diarrhoea, flood and malnutrition®; 67% of
signals were verified and resulted in response, such as case
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management, active case finding, patient referrals and
vaccinations.? In Cambodia, CEBS identified outbreaks of
malaria, acute watery diarrhoea, measles and viral haemor-
rhagic fever.?°

Health facility-based EBS in Bangladesh for meningo-
encephalitis clusters identified 62 signals that were
investigated to identify chains of transmission.?* The tele-
phone hotline for health professionals in India identified
nine outbreaks but was used for non-health-related calls
more than 95% of the time.%’

The open generic EBS system in PNG received 61
signals from provincial health authorities, health profes-
sionals and media, NGOs and communities notified
signals related to acute watery diarrhoea, influenza-like
illness, acute gastrointestinal syndromes, acute fever and
rash, acute neurological syndromes, acute febrile illness
and other respiratory diseases.”® Alerts were investigated
by provincial health authorities with support from higher
levels® (online supplementary file 4).

Data quality (validity and completeness)

In the context of outbreaks, for CEBS in Sierra Leone,
five of six Ebola-related trigger events were correctly
recalled by less than two-thirds of CVs 3months after
implementation.'”

Santa-Olalla et a®> compared trends of EBS signals for
cholera-related events with IBS data for validity of data
and saw comparable trends with regards to time and
geographical distribution with the exception that more
EBS signals came from hard-to-reach areas with the lowest
number of partners® (online supplementary file 4).

In a routine context in Ethiopia, similar trends in EBS
signals about measles rumours and IBS measles data were
reported over time.” With regards to data completeness,
23% of signals had no records of verification and 29%
had complete information on reporting and response
times™ (online supplementary file 4).

Positive predictive value (PPV) for true events

The interpretation of PPV across EBS systems is
dependent on the types of events used for the calcula-
tion. In the context of the Ebola outbreak, 12126 signals
were received through CEBS for Ebola in Sierra Leone,
of which 287 were ultimately confirmed to meet the
suspected, probable or confirmed case definition (PPV
0.024, 287/12 2126) and 16 Ebola cases were confirmed"?
(online supplementary file 4).

In the routine surveillance context of Vietnam, an
overall PPV of 0.07 (176 events/2520 signals) for CEBS
was reported based on a list of defined events. PPV
increased significantly over time after evaluation visits
and improved event definitions from 0.06 initially to
0.12." CEBS in Ghana, Ethiopia and Cambodia reported
PPVs of >0.60 for the signals to be an event'**** (online
supplementary file 4).

The EBS telephone hotline in India received 44484
calls from health professionals, of which 1185 were
health related, 112 were outbreak signals and 9 were

true outbreak alerts (PPV for a signal to be an alert 0.08;
9/112).*” The PPV for meningo-encephalitis cluster
reported by health professionals to be a true Nipah
cluster was 0.17 (10 clusters/62 signals).15

In PNG’s centralised routine EBS system, of 61 signals,
51 proved to be true events (PPV 0.84)% (online supple-
mentary file 4).

Sensitivity

In outbreak context, Ratnayake et al'”’ reported that 30%
(16/53) of all confirmed cases of Ebola in the area where
CEBS for Ebola was implemented were identified by
CEBS. In Guinea, 3.9% (71/1838) of all confirmed Ebola
cases were identified by signals received at the national
Ebola call centre and 54% (120/221) of all confirmed
Ebola cases were identified by local Ebola alert numbers'®
(online supplementary file 4).

In the routine context of Ethiopia, the verified events
reported by CEBS for rabies, anthrax, acute flaccid
paralysis and neonatal tetanus outnumbered the cases
reported IBS during the same time in areas where CEBS
was active, indicating better sensitivity of EBS compared
with IBS** (online supplementary file 4).

Acceptability

In the context of the Ebola outbreak, Stone et al” eval-
uated acceptability as the proportion of CVs reporting
for CEBS in Sierra Leone at least once per week; this
increased from 69% to 93% during implementation. In
addition, 74% of district stakeholders agreed that CEBS
increased case detection and benefited their district
through increased linkage with communities.'” CEBS
was based on community health worker (CHW) and Red
Cross volunteer networks that are largely known to the
community prior to CEBS.'®!71

Santa-Olalla et al”® reported that the near real-time
information and response increased the acceptance by
local authorities during the outbreak and willingness to
institutionalise the system into the Ministry of Health
immediately after the end of the outbreak in Haiti
(online supplementary file 4).

In routine context, CEBS in Sierra Leone was well
accepted by communities and CVs were appreciated, and
CVs wanted to continue CEBS after the outbreak despite
the lack of incentives." '° Clara et al'®'* reported “Key moti-
vating factors for participation expressed by the VHWs
(village health workers) were a sense of service to the
community and opportunities to increase community ties,
and improvement in community trust”. Toyama et al*” inter-
preted the proportion of rumours reported by the commu-
nity to CEBS in Ethiopia as community acceptance: 30%
of rumours were reported directly from the community
(online supplementary file 4).

Timeliness

During the Ebola outbreak in Sierra Leone, the time
from onset to detection for six confirmed Ebola cases
in districts with active transmission was 1-3 days for
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four cases identified with CEBS and 5-7 days for two
confirmed Ebola cases identified through other sources
(online supplementary file 4)."

For the routine context in Vietnam, for EBS times from
detection to notification at district level was reported to
be <24 hours, mean time from detection to response was
reported to be within 48 hours." The authors conclude
that such a rapid response would not have been possible
before the implementation of EBS." For CEBS in Ethi-
opia, a median time from onset to reporting of 3.8 days
(95% CI 2.2 to 5.3 days) was reported and from reporting
to response of 0.6 days (95%CI 0.1 to 1.2 days).” In
PNG’s centralised routine EBS system, median time from
onset to reporting was 10 days (range, 0-109 days) and
median time from reporting to response was the same
day®® (online supplementary file 4).

Flexibility and stability

For the centralised EBS in Haiti and for CEBS in Sierra
Leone, EBS was described as flexible to adapt and was
broadened in scope, from EBS systems based on events
in connection to one outbreak disease to generic EBS
systems.'” 10

Sharma et al’” described a successful shift in focus of
the EBS system from generic EBS to influenza A (HINI)
specific events.

Tante et al® described the stability of the routine EBS
system in the Philippines after a natural disaster and
found that 6/11 affected areas had no interruptions of
EBS operation, 3/11 areas were interrupted for 1week
while the two hardest hit areas had limited operationality
for more than 7weeks due to human resource and logis-
tical limitations; 73% of all areas rated the EBS system as
functional post-typhoon (online supplementary file 4).

Cost estimates

Several additional characteristics were evaluated (see
online supplementary file 4), among them annual costs:
data from Cambodia estimated the annual cost of CBS at
US$0.5 per capita for training, supervision and evalua-
tion, including CEBS and the IBS and vital events compo-
nent but excluding staff costs as all staff were previously
in place.”® For the Sierra Leone CEBS, total costs were
estimated at US$1.3 million start-up costs and US$129 000
monthly costs that covered training, telephones, motor-
bikes, fuel and incentives for 7416 CHWs and salaries
for 137 surveillance supervisors'’ (given a population of
3.9 million, ~US$0.4 per capita annual costs).

DISCUSSION

What are the strengths of EBS?

The scope of EBS is broader than IBS in several aspects:
(1) In outbreaks, EBS was able to identify outbreak-
disease cases and programming gaps (eg, poor-quality
cholera care) helping to guide the response' *’#; (2) in
outbreaks and routine context alike, EBS was able to iden-
tify outbreaks that were not detected by IBS, both for noti-
fiable and non-notifiable diseases'?1* 192022242628 gy )

outbreaks and routine contexts, EBS was able to identify
other potential hazards to human health such as natural
events or animal die-offs'?1*22% 2. (4) in outbreaks and
routine context, EBS at the community level and open
EBS were able to reach remote areas'*™'" 19202222028 35,4
EBS was most used where health facilities and response
was scarce in Haiti.”” In these settings, EBS provided
an important channel for rapid reporting of events, of
particular benefit to remote settings where IBS was poor.
In addition, data from the Sierra Leone CEBS suggest
that EBS systems were faster to identify cases from onset
to detection' than IBS and other CEBS systems were
also reported to be faster than IBS.'* ** However, across
studies, no systematic and direct comparisons of timeli-
ness of IBS and EBS were presented.

What are the trade-offs for EBS?

Many questions with regards to sensitivity and specificity
of event definitions remain unanswered. For CEBS in
outbreak settings, specified event definitions that indi-
cate disease transmission had low specificity and event
definitions were not always remembered long after train-
ings,'”” ' 2 suggesting that definitions should be more
rigorously tested prior to implementation.' Telephone
hotlines were mostly used for information by the public
(and useful for improving communication with the
public) but also identified cases that went under the radar
of IBS'® and from areas outside the reach of IBS.*” EBS in
communities showed a higher specificity than EBS using
open hotlines, at the costs of limited reach (limited to
communities with CEBS vs anywhere with phone connec-
tion)."® ' All EBS systems involved an increased workload
for verification and assessment given the low specificity of
the events and the volume of alerts produced.'' %

In routine contexts, in which events were defined by
a list of specific events (eg, for CEBS in Vietnam, Ghana
and Sierra Leone), the main reported challenges included
balancing sensitivity and specificity'* '* and uncertainties
around event definitions.”” '° In Vietnam, initially more
than half of the reported events were endemic diseases
that were routinely and rapidly reported through IBS,
and therefore, event definitions that could indicate such
diseases were subsequently removed.'? Balancing sensitivity
against specificity is particularly challenging as there is no
gold standard for detection of events and non-events that
would allow determination of sensitivity and specificity and
available evidence is anecdotal, that is, reports of outbreaks
identified by EBS but not IBS.** In addition, balance of sensi-
tivity versus specificity will inevitably depend on the setting,
existing surveillance, access to healthcare and whether
an outbreak is ongoing. CEBS systems that were based on
undefined events such as ‘unusual events’ showed a PPV
>0.6.2 *° The open EBS system in PNG notifying ‘public
health events’ also exhibited a PPV >0.8, possibly because it
was mainly used by local public health authorities to notify
to central level.” There seems to be some indication that
the PPV of undefined events is not worse than the PPV of
defined events pointing to specific diseases; however, we do
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not know if this comes at the costs of lower sensitivity to
detect outbreaks.

The amount of work for verification and response is
higher in EBS systems than IBS systems, as every noti-
fied signal requires rapid verification and potentially
response. In outbreak settings, all EBS were set up with
international support'”*!' #; in routine contexts, dedi-
cated national government leadership was often paired
with regional or international support to sustain verifica-
tion and response systems, #1027 20-28

With regard to costs, while most reports did not account
for total direct costs,19 % costs structures would be influ-
enced by the provision of additional capacity for verifica-
tion of the potentially large number of signals produced
by EBS. Where human resources and response elements
are not already in place, costs might be associated with
EBS, that not currently absorbed by the surveillance
system’s budget (ie, incentives for CHWs, additional veri-
fication capacity, including rapid response teams etc).

How to implement it?

In outbreak and non-outbreak settings, early engagement
and meetings with all stakeholders (including commu-
nity leaders) were described as crucial'*'”'*# o ensure
ownership, increase coordination and gain “better under-
standing of the existing surveillance landscape”."*

With regards to surveillance, Santa-Olalla et af
described the importance of not undermining existing
responsibilities and capacities for EBS cholera surveil-
lance in Haiti. Routine context CEBS in Vietnam was
developed at ministry of health level with involvement
of all stakeholders to ensure integration into existing
surveillance infrastructure.' In Cambodia and Ethiopia,
CEBS was reported to be functional mainly because it was
simple and built on the existing surveillance systems and
resources.”* *°

Good linkage to response was described as essential
for all systems as every verified event needs an assess-
ment and potentially response.”* However, response
was challenging in some systems and required scaling
up.?! 2 ® 2 Al outbreak-specific EBS systems were
linked to pre-existing response structures set up specif-
ically for the outbreak.'” ' In order to ensure timely
reporting of defined events and sustainability, stake-
holders in EBS need training and, if possible, moni-
toring, supervision and refresher trainings.M_17 20 22
Several reports suggested that standardised documen-
tation and assessment improved accountability and
ensured a consistent approach.”* # *® In routine
contexts, where the capacity to conduct risk assessment
and field investigations is low, specific resources and
training are required.14 =

Several EBS systems incorporated feedback mech-
anisms to stakeholders to inform about findings
and actions; all records that reported such feed-
back loops identified them as essential instruments
to sustain motivation, especially in routine settings,
and to improve cooperation.14 22628 Communication

improved between actors in the surveillance system
and the community®® but also between human and
animal health'* and stakeholders at different levels at
the surveillance system.*®

Limitations

There are some limitations stemming from the variety of
EBS systems as well as evaluation designs and the poor
evidence rating of the studies. The number of studies
with low-quality evidence grading is due to the nature
of surveillance systems evaluations which are inherently
descriptive and seldom have a comparator. All studies
were of low evidence and none compared EBS and IBS
systems systematically, controlled or randomised. Most
importantly, surveillance attributes, especially PPV, were
not always reported or analysed in the same way, compli-
cating meaningful comparisons. For the PPV, informa-
tion on if and how signals that did not result in alerts
were documented was frequently lacking.

Additionally, the number of studies was low, and more
descriptions and rigorous evaluations are therefore
needed to generate more conclusive evidence. Despite
the increasing focus on EBS as a central component
for early detection of outbreaks, there is limited guid-
ance on EBS evaluation. The development of guidance
more tailored to the evaluation of EBS would be useful
as would be planning and publishing evaluations of EBS
systems more systematically to ensure lessons learnt are
documented and communicated.

Furthermore, all EBS systems succeeded in identifying
events and outbreaks; however, we cannot rule out that
publication bias towards successful systems is the reason
for that finding.

In addition, other countries may have EBS systems in
place, but their description might not be included in the
paper given the absence of literature on them.

CONCLUSION

Health facility and community-based EBS provide valu-
able information that can strengthen the early warning
function of national surveillance systems. Every signal
generated by EBS requires verification, and each EBS
system is only as good as the capacity to respond to verified
events to ensure that EBS can lead to meaningful public
health action.*** This requires close integration with
existing surveillance systems and this needs to happen in
a way that does not undermine existing responsibilities
and capacities,'? 12717192022 2353 ppg can be a powerful
tool to improve rapid communication between actors in
healthcare and surveillance, and feedback loops to all
stakeholders including communities were described as
essential instruments for sustaining motivation and coop-
eration,'® 171920 B BB ywhere EBS is not a fully integrated
function of a surveillance system, priority in its imple-
mentation should be given to settings that would particu-
larly benefit from EBS strengths. This includes areas most
prone to outbreaks, where otherwise undetected health
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threats will most likely occur, where access to the formal
health system is limited and where traditional ‘routine’
surveillance is suboptimal.
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