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ABSTRACT

Introduction: In Yemen, the largest cholera epidemic of modern times started in late 2016. By March
2018, more than one million cases had been reported. A national electronic Disease Early Warning
System (eDEWS) for infectious disease surveillance was established in 2013. Aim: This study assessed
the eDEWS's timelines for reported cholera cases. Methods: Quantitative data published in eDEWS
and the Weekly Epidemiological Bulletin of the Yemen Ministry of Health from March 2013 until March
2018 were analyzed. For assessing the early detection of cholera cases, 262 weekly bulletins were
reviewed. The raw data of the immediately generated eDEWS alerts during the first outbreak wave
were used to assess response timeliness. Results: Reported cholera incidence peaked at 1,698 cases
(first wave) in 2016 week 49, and then reached 46,667 cases (second wave) in 2017 week 26. The
mean time period between reporting and the first response was 2.85 days. Only 31% of the eDEWS
alerts were verified within the first 24 hours, and the majority (83%) were verified within one week.
There were major differences in the timeliness between the governorates, ranging from 8%-62% for
reporting within the first 24 hours. Conclusion: The eDEWS is able to detect and alert health authorities
about cholera cases even under conditions of ongoing war and civil war, however, the timeliness of
the response needs improvement.

Keywords: Cholera, Yemen, Timeliness, early detection, Surveillance System, Health and

Conflict.

1. INTRODUCTION

Yemen is a lower-middle-income
country according to the World Bank
(1). It has a population of more than
26 million and covers approximately
527,970 square kilometers with a sea-
board of about 2,000 kilometers (2).
Yemen has a high population growth
rate (4.4% in 2013), and the popula-
tion health indicators are some of the
lowest in the world (maternal mor-
tality ratio 148/100,000 and under
five mortality rate 53%) (3-5). The
country has experienced a long pe-
riod of civil unrest since the begin-
ning of the Arab spring in 2011. An
armed conflict began in March 2015
and continues to date. This on-going
conflict has caused a severe humani-
tarian crisis for the population (5).

The 2018 Humanitarian Needs
Overview reports that approxi-
mately 16 million Yemenis need hu-
manitarian assistance to access safe
water, basic sanitation and hygiene
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facilities, and 11.6 million of these
are in acute need (7). Even prior the
current war, only 59% of the popula-
tion had access to improved drinking
water and this figure has decreased
to 54 % since the start of the conflict
(6). Prolonged population displace-
ment, infrastructure disruption and
the worsening water and sanitation
conditions have all contributed to
one of the worst cholera outbreaks in
modern history (7, 8).

Cholerais a disease of acute watery
diarrhea caused by the bacterium
Vibrio cholera which is usually trans-
mitted through infected water (9, 10).
Cholera is clinically diagnosed based
on the WHO case definition and con-
firmed in a laboratory when Vibrio
cholera O1 or 0139 is detected in a
patient’s diarrhea or vomitus (11, 12).
The current cholera outbreak has be-
come a major public health issue in
Yemen. A total of 1,111,653 cases and
2,400 deaths were reported up to
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WHO

“in an area where the disease is not known to be present, a patient aged 5 years or more develops severe

A case of cholera should be suspected
when (clinical case definition)

dehydration or dies from acute watery diarrhoea;
in an area where there is a cholera epidemic, a patient aged 5 years or more develops acute watery diar-

rhoea, with or without vomiting.” *

A case of cholera should be considered
confirmed when (standard case definition)

“Vibrio cholera 01 or 0139 is isolated from any patient with diarrhoea.” *

*WHO, 2018 http://www.who.int/cholera/technical/en/.

eDEWS

Suspected Cholera

Any person aged five years or more with severe dehydration or death from AWD [acute watery diarrhoea].

Alerts generated automatically by reporting at least one case from any sentinel site.

Cholera alert thresholds

Outbreak alerts generated by the surveillance coordinator after verification of the alerts

Require either at least one lab-confirmed cholera case or a cluster of six or more AWD in a single locality.

CcDC

Timeliness

“The speed between steps in a public health surveillance system” **.

**CDC 2001-MMWR 50

Table 1. Definitions of epidemiological terms used in this research

March 2018 (13). The outbreak is directly related to con-
flict in the country and associated damage to infrastruc-
ture. However, in principle, it is possible to control such
an outbreak through public health measures including
early detection, immediate reporting, and timely and ef-
fective responses (14-15).

Timeliness is a performance indicator that is widely
used to evaluate diseases surveillance systems since it
reflects the time delay between sequential steps in the
public health surveillance process (16). For instance, a
study conducted in Italy evaluated the timeliness of data
reported for viral hepatitis to a surveillance system from
2009 to 2012 and found wide delays between surveillance
steps resulting in 79 days as a median duration between
interview of patients and reporting to central level (17).

2. AIM

This study describes the development of the current
cholera outbreak in Yemen with a focus on the ability of
the electronic Disease Early Warning System (eDEWS)
to identify changes in disease trends and determine the
timeliness of the system’s response to immediate notifi-
cations (alerts) during the outbreak.

3. METHODS

This study assessed the eDEWS’s timelines through an
analysis of quantitative data published in the Weekly Ep-
idemiological Bulletin of the Ministry of Health (MOH)
in Yemen (supported by WHO) from March 2013 until
March 2018. For assessing early detection for cholera re-
porting, a total of 262 weekly bulletins were reviewed.
For assessing the timeliness of responses, the raw data of
the eDEWS’s immediately generated alerts (notifications)
during the first wave of the outbreak was used. A total
of 1,034 cholera alerts were generated in the system as
immediate alerts. The laboratory results were obtained
from the cholera line-list from Oct 2016 to March 2018.
See definitions in Table 1.

Analyticalmethod:Weemployeddescriptivetrendanalysis
toexaminethetrendofsuspectedcholeracasesfromMarch
2013 - March 2018 using Microsoft Excel. To determine the
eDEWS’stimeliness,themeandelaytimeandthedifferencein
timebetweencasereportingandfirstverificationtimewere

Timeliness Frequency %
Response within 24 hours (1 day) 323 31.2
Response within 48 hours (2 days) 229 221
Response within 72 hours (3 days) 97 9.4
Response within a week 208 201
Response within a month 58 5.6
No data provided for the response 119 1.4
Total 1034 100

Table 2. Distribution of alerts according the timeliness of the first
response in eDEWS during the first wave of the cholera outbreak 2016
week 39 to 2017 week 15

calculated and categorized using SPSS25. The eDEWSisan
interface system based on mobile phonesthatcollects data
electronicallyonaweeklybase.Itisaimedatearlydetection
andatimelyresponsetoinfectiousdiseaseoutbreaks.eDEWS
was established by the MOH and the WHO country office in
Yementostrengthenthe publichealthdiseasesurveillance
system.eDEWSimplementationstartedin March2013in98
sentinelhealthfacilitiesof4/22governorates(provinces)asa
pilot projectand was extended in October 2013 to cover 247
healthfacilitiesin10/22governorates. Thenextsurveillance
phasestartedin2015when408healthfacilitiesfromsixnew
governorates were added. In 2016, the last six governorates
wereincludedandthesystemwasinstalledinatotalof1,982
healthfacilities.In2013,thesystemstartedtoreportonl6in-
fectiousdiseasesandby?2017,included3linfectiousdiseases
(18).

At each of the participating health facilities, there is an
eDEWSfocalpersonwhoisresponsiblefordatacollectionfrom
theclinicalservices’'dailyregistrationbook.EachSaturday,all
collecteddataareenteredintotheeDEWSsystemusingamo-
bileandroidapplication,exceptforsixdiseasesrequiringim-
mediatenotification (acutewaterydiarrhea, measles,acute
flaccidparalysis,acutehaemorrhagicfever,diphtheria,and
pertussis). Everyfocalpersonusesapersonalidentification
codeandpasswordtoenableidentificationatdistrict,regional
orministrylevels.Athealthfacilities,diseasesmonitoredby
eDEWSarediagnosedbyclinicalcasedefinitions.eDEWSgen-
eratesautomaticalerts(notifications)basedonvariousalert
thresholdsforspecificdiseases.Onealertmayincludeasingle
caseormultiplecases.Allweeklyreportsareinitiallyvalidated
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bythesurveillancecoordinatoratthegovernoratelevel(e.g.
SMS, phonecallorfieldvisit)andthencontinuouslyvalidated
atthecentrallevel(MOH).Foranalertonimmediatelynotifi-
ablediseases,validationshouldhappenwithin24hoursfrom
the system’sreport. The final weekly report should be pub-
lishedanddistributedbyemailwithin48hoursofthehealth
facility’sreportingdeadline,whichisMondayofthefollowing
week.

4. RESULTS

From the start of the eDEWS system’s implementation
until the end of 2015, a total of 43 suspected cholera cases
were reported; however, none was confirmed as a true
cholera case.

Figure 1 shows the number of suspected cholera cases
during the first wave of the outbreak from 2016 week 39 to
2017week15,whichincluded25,152casesand1,034alerts. A
fewscatteredcaseshadalreadybeenreportedin2016weeks
25 (2 cases), 28 (19 cases) and 37 (3 cases). Most of the early
cases were reported from one governorate (Albaidha) and
nonewasconfirmed.However,inthefollowingweeks,alarge
proportionofconfirmedcaseswerefromthe Albaidhagov-
ernorate.Choleracasesincreasedgraduallyuntil2016weeks
49-51 (e.g. 1,698 cases in week 49), and then declined.

Figure 2 shows the number of suspected cholera cases
duringthesecondwave ofthe outbreakfrom2017week16to
2018week12,whichincluded953,421casesand20,912alerts.
Thenumberofcasesincreasedsharplyfrom220casesin2017
week 16 to 2,426 week 18 and 8,812 week 19. A first peak oc-
curred during 2017 week 26 with 46,667 cases, and a second
peakwasobservedduring2017week38with35,500cases.The
numberofcasesthendeclinedgraduallyto9,613by2017week
52.Thistrendofcontinuouslydecreasingnumberscontinued
in early 2018.

Timeliness of The First Response

In the first wave of the cholera outbreak, the mean time
between reporting and the first response was 2.85 days
(SD + 6.089). Table 2 presents the timeliness of the first
response to the cholera alerts. Only about one third (31%)
of the generated alerts were verified within the first 24
hours, while the majority (83%) were verified within one
week.

Themajorityofthe 1,034 choleraalertsinthefirstwave of
theoutbreakwereverifiedbySMS (4.4%), phonecall (45%) or
fieldvisits(40.6%) (Figure3).Thereweremajordifferencesin
thetimelinessofreportingwithinthefirst24hoursbetween
thegovernorates,rangingfrom8%inAbyanto62%inAden,
andmajordifferencesintheproportionofthemeansofverifi-
cationbetweenthegovernorates.Forexample,afieldvisitwas
themainmeanofverificationinSana’acityandSana’agover-
norate(92%)whileneitherShabwahnorAl-Dhale’areported
afieldinvestigationasameansofverificationduringthefirst
wave of cholera outbreak (Figure 4).

Laboratory Findings

The laboratory investigations (standard culture
methods and rapid tests) were done on periodic samples
from suspected cholera cases of the outbreak. The stool
samples were collected from 84% of the total alerts in the
first wave. During the first wave of the outbreak, 142/358
(40%) of selected suspected cases were confirmed by stool

culture and 106/514 (21%) by rapid. In the second wave
1,130/3155 (36%) of selected suspected cases were con-
firmed positive Vibrio Cholera by stool culture.

5. DISCUSSION
The cholera outbreak adds to the burden of the health
system in Yemen, in addition to war injuries and deaths,
are the consequences of dysfunctional health services
and the high prevalence of malnutrition (19). More than
one million people have been directly affected by cholera
to date. This outbreak has become the largest cholera out-
break in the world, even larger than the one in Haiti with
a total number of 815 thousand cases from 2010-2017 (20).
SincethelastcholeraoutbreakinYemen,in2011,whichhad
31,789 cases(21,22), noconfirmed caseswerereported until
theestablishmentoftheeDEWSin2013.Duringthefirstthree
yearsoftheeDEWSsystem,severalcholeraalertsweregener-
ated by eDEWS, but none were verified excepttwo cases re-
portedin early 2015 and after the beginning of the conflict.
The first case occurred in 2015 week 25in Dhamar, and the
secondcaseinweek2015week26inAmran.Boththesecases
couldnotbeinvestigatedinthelaboratorysincethepatients
died before this was possible (23, 24).
TheeDEWSisdesignedasanearlywarningsystemforepi-
demic-pronediseases(25). Thesystemcollectsdatafromthe
health facilities. Although eDEWS is not the only source of
datacollectioninanoutbreakofaninfectiousdisease,itisim-
portantfortheearlydetectionofnewlyemergingcases.Inthis
study,eDEWSdetected 97% ofthetotalcasesreportedinthe
firstwaveand87% of casesinthe second wave ofthe Yemeni
choleraoutbreak.ThisshowsthattheeDEWSfunctionsasare-
liable and sensitive surveillance system in Yemen.
Ingeneral,dataprovisioninsurveillancesystemsshouldbe
followedbyimmediatepublichealthaction,whichispartic-
ularlyimportantforepidemic-pronediseases.Withregardto
cholera,thehealthsystemshouldrespondwithin24hoursto
analert. However,thisstudyshowedthatalertactionfollowed
in 24 hours only for 31% of the cases, which demonstratesa
majorproblemwiththesystem’stimeliness.Moreover,there
weremajordifferencesinresponsetimelinessamongprov-
inces.Thetimelinessofresponsestoinformtheregionaland
nationalhealthauthoritiesaremajorissuesinmanycountries.
Forexample,inGhana,astudyshowedthattimelinessremains
aproblemalthoughtherehasbeenanimprovementincom-
pleteness(26). Anotherstudy,inthe USA, foundasignificant
differenceinresponsedelaytimescomparedtothestandard
24-hour mean time (27).

6. CONCLUSION

We have shown that the eDEWS is able to detect and
alert health authorities about cholera cases even under
the conditions of ongoing war and civil war, but response
timeliness needs improvement.
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