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Abstract

Background: Arboviruses such as dengue virus, yellow fever virus, Zika virus and chikungunya virus are major threats to
human health globally, including countries in the Eastern Mediterranean Region (EMR).

Aims: This study aimed to assess laboratory proficiency in EMR countries for detection of dengue virus, yellow fever
virus, Zika virus and chikungunya virus.

Methods: A global external quality assessment programme for arbovirus diagnostics was developed and run in 2016 and
2018. National-level public health laboratories were instructed to apply the polymerase chain reaction detection method
on specimen panels containing dengue virus, yellow fever virus, Zika virus and chikungunya virus.

Results: Over both rounds of the programme, 100% of participating EMR laboratories correctly detected yellow fever
virus and chikungunya virus, > 84.6% detected dengue fever virus and > 76.9% detected Zika virus.

Conclusion: While participating EMR countries demonstrated good proficiency in detecting arboviruses, only half of
them were enrolled in the global external quality assessment programme, providing an incomplete picture of regional
capacity. Effort should be put into increasing participation in subsequent rounds.
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Introduction

Arboviruses spread by Aedes mosquitoes, particularly
flaviviruses like dengue virus (DENV), yellow fever vi-
rus (YFV) and Zika virus (ZIKV), and alphaviruses like
chikungunya virus (CHIKV), are major threats to hu-
man health worldwide. Several countries in the World
Health Organization (WHO) Eastern Mediterranean Re-
gion (EMR) have been affected. Since 2005, chikungun-
ya outbreaks have been reported in Djibouti, Pakistan,
Sudan, and Yemen (1); dengue outbreaks have occurred
in Djibouti, Egypt, Pakistan, Saudi Arabia, Somalia, Su-
dan and Yemen (2); the first-ever incidence of autoch-
thonous transmission occured in Oman in 2019 (3); and
Sudan has experienced multiple yellow fever outbreaks
(4). Zika virus disease has seemingly not made its way to
the Region, although the Aedes vectors are present in the
countries mentioned and suitable habitats may be found
in several of the Region’s other countries (5).

Laboratory detection and characterization of
arbovirusesiskeytodiagnosis, clinical and environmental
intervention, and epidemiological study. An external
quality assessment programme (EQAP) is a means for
laboratories to independently demonstrate adequate
testing proficiency and detect deficiencies. WHO recently

developed a global EQAP for arbovirus diagnostics to
determine proficiency in countries in order to adequately
detect the priority alpha- and flaviviruses, CHIKV, DENV,
YFV and ZIKV. The first round of this global EQAP took
place in 2016 as a continuation and global expansion
of an EQAP initially developed in the WHO Western
Pacific Region (6). Here we summarize the performance
of laboratories in the EMR in the first (2016) and second
(2018) rounds of the WHO global EQAP for arbovirus
diagnostics.

Methods

The WHO EQAP for arbovirus diagnostics was imple-
mented by the Royal College of Pathologists of Austral-
asia Quality Assurance Programs (RCPAQAP), Australia.
It assessed laboratory proficiency to detect DENV, CHIK,
ZIKV and YFV (supplementary) by polymerase chain
reaction (PCR). The core arbovirus panel consisted of
12 specimens of inactivated, lyophilized DENV, CHIKYV,
ZIKYV, Japanese encephalitis virus (JEV) and either West
Nile virus (WNV) or YFV (2016) or tick-borne encephali-
tis virus (TBEV, 2018). Two of the specimens were double
spiked to simulate co-infection. Specimens were test-
ed for homogeneity and stability and verified at referee
laboratories. The supplementary 5-specimen YFV strain
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panel was similarly prepared. The 2018 round of the
EQAP additionally offered a serological specimen panel
for anti-DENV antibody detection, but this is not exam-
ined here. Panels were distributed to participating na-
tional-level public health laboratories between October
and December.

All participants were requested to report the absence
or presence of DENV, CHIKV and ZIKV (and YFV, if
relevant) in each specimen by PCR. Optionally, they
could report the absence or presence of other alpha- and
flaviviruses, perform DENV serotyping, or identify ZIKV
lineage. Participants were assigned code numbers for
confidentiality, which is maintained in any subsequent
reporting by WHO and RCPAQAP. Participants received
individual performance reports in March of the following
year. Global reports were shared shortly thereafter.

Results

In 2016, 96 laboratories participated in the programme
globally including 9 laboratories from 7 countries! in the
EMR. Of the EMR laboratories, 100% (6/6) correctly iden-
tified CHIKV each time it was present, 100% (5/5) correctly
identified YFV, and 87.5% (7/8) correctly identified DENV
and ZIKV (Figure 1). Four testing errors were observed in
this round of the EQA, evenly distributed among speci-
mens, but primarily (3/4) committed by a single laborato-
ry. PCR diagnostics for DENV, CHIK, ZIKV and YFV were

available in 5 laboratories. JEV and WNV mostly went
undetected as several laboratories did not test for them
and instead only reported the absence or presence of the
other viruses. One laboratory chose to perform an option-
al test, DENV serotyping, and did so with 100% accuracy.

In the second (2018) round of the EQAP, 107
laboratories participated globally. Thirteen, including
5 repeat participants, represented 11 EMR countries?
Of the EMR laboratories, 100% (6/6) correctly identified
YFV, 100% (11/11) identified CHIKYV, 84.6% (11/13) identified
DENV and 76.9% (10/13) identified ZIKV (Figure 1). Of
the 5 repeat participants, 100% (5/5) accurately detected
CHIKV in each round, > 75% (3/4 in 2016, 4/5 in 2018)
accurately detected DENV and > 60% (4/5 in 2016, 3/5
in 2018) accurately detected ZIKV. Note that one of the
laboratories did not test for DENV in 2016. A smaller
subset of 3 repeat participants tested for YFV in each
round and did so correctly. Most errors (4/6) in the
2018 round were observed in a single DENV-ZIKV
double-spiked specimen: 3 false negatives made by 2
laboratories and a clerical error by a third. However, the
false negatives appeared to be coincidental as referee
laboratories did not flag the specimen as problematic
(defective specimens are withdrawn from scoring in
EQAPs). The laboratory with the most errors in 2016 made
none in 2018. PCR diagnostics for DENV, CHIK, ZIKV
and YFV were available in 6 laboratories. Similar to 2016,

Figure 1 Proficiency of laboratories in the WHO EMR participating in the global EQAP for arbovirus diagnostics, 2016 and 2018
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' 2016: Egypt, Islamic Republic of Iran, Morocco, Oman, Saudi Arabia, Sudan and Tunisia.
> 2018: Bahrain, Egypt, Islamic Republic of Iran, Jordan, Kuwait, Lebanon, Morocco, Oman, Pakistan, Tunisia and United Arab Emirates.
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laboratories reported solely on the absence or presence
of DENV, CHIK, ZIKV and YFV, leaving the additional
viruses (JEV and TBEV) undetected. DENV serotyping
was again the only optional test chosen in 2018, this time
by 5/13 laboratories that all performed the assay correctly.

Discussion

Although WHO invited roughly the same number of
EMR countries in both years, almost double the number
participated in 2018 compared to 2016. Participation is in-
creased through WHO’s direct interactions with, and en-
couragement of, targeted laboratories or through general
advocacy efforts such as laboratory network meetings,
trainings or publications (7). Participation nevertheless is
voluntary and, particularly in the EMR, may at times be
impacted by crises, limited resources, imposed sanctions
and challenges with customs authorities. Four of the
laboratories from 2016 could not join the second round.
Participation of three of these, all from one country, was
declined by the government in 2018 until a new nation-
al laboratory started to function. The fourth laboratory
signed up but sanctions ultimately prevented RCPAQAP
from working with couriers to deliver the EQAP panel to
them.

EMR laboratories demonstrated good proficiency in
arbovirus detection. In both EQAP rounds, > 84.6% of
laboratories accurately tested for DENV, CHIKV and YFV
while > 76.9% accurately tested for ZIKV. A minority of
laboratories both years neglected to provide information
supporting their results, such as assays used, target
sequences or number of PCR cycles ran. Such incomplete
recording hinders the EQAP organizer’s ability to identify
problematic areas and relay this information back in
order to allow the relevant laboratories to take corrective
actions.

While the EMR laboratories participating in the 2016 and
2018 rounds of the EQAP demonstrated good proficiency,
they represent only half of the countries in the Region,
providing an incomplete picture of national capacities
for arbovirus diagnostics. In addition, few countries with
arbovirus outbreaks have consistently, or ever, participated.
For some this is due to conflict, other priorities or difficulty
in sourcing the necessary reagents. WHO helps countries
in the region obtain arbovirus diagnostic reagents and
protocols as needed, as well as facilitates regional and
in-country trainings to build laboratory capacity for
arbovirus detection for preparedness or during emergency
response. WHO will continue to assist where it can as
well as encourage the enrolment of more countries in the
programme to ensure that quality testing for arboviruses is
available in the Region.

Conclusion

Arboviral infections continue to have an impact on countries
in the EMR region, making it essential that national-level
public health laboratories be able to adequately detect these
pathogens. The EQAP for arbovirus diagnostics is an impor-
tant measure of the ability of these laboratories to accom-
plish this and they have demonstrated good performance in
the two rounds of the programme conducted thus far. Weak
points revealed through the programme offer laboratories
(and WHO, as needed) the opportunity to implement cor-
rective actions to improve the quality of testing available. As
EMR country representation in the programme still leaves
room for improvement, particularly from countries with ar-
bovirus disease outbreaks, WHO will endeavour to advocate
for greater participation in upcoming rounds.
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Performance des laboratoires de 1a Région de la Méditerranée orientale dans le cadre
du programme d’évaluation externe de la qualité de 'Organisation mondiale de la
Santé en matiére de diagnostic des arbovirus

Résume

Contexte : Les arbovirus tels que le virus de la dengue, le virus de la fiévre jaune, le virus Zika et le virus chikungunya
constituent des menaces majeures pour la santé humaine dans le monde, y compris dans les pays de la Région de la
Meéditerranée orientale.

Objectifs : La présente étude visait a évaluer I'aptitude des laboratoires dans les pays de la Région pour la détection des
virus susmentionnés.

Méthodes : Un programme mondial d’évaluation externe de la qualité pour le diagnostic des arbovirus a été mis au point
et adopté en 2016 et 2018. Les laboratoires de santé publique nationaux ont recu l'instruction d’appliquer la méthode de
détection par amplification génique sur des panels d’échantillons de laboratoires contenant le virus de la dengue, le virus
de la fiévre jaune, le virus Zika et le virus chikungunya.

Résultats : Au cours des deux cycles du programme, 100 % des laboratoires participants de la Région de la Méditerranéenne
orientale ont correctement détecté le virus de la fiévre jaune et le virus du chikungunya, un pourcentage supérieur ou égal
a 84,6 % ont détecté le virus de la dengue et un pourcentage supérieur ou égal a 76,9 % de ces laboratoires ont détecté le
virus Zika.

Conclusions : Alors que les pays participants de la Région de la Méditerranée orientale ont démontré une bonne maitrise
de la détection des arbovirus, seulement la moitié d’entre eux étaient inscrits au programme mondial d’évaluation
externe de la qualité, fournissant une image incompléte de la capacité régionale. Des efforts devraient étre déployés pour
accroitre la participation aux cycles suivants.
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