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Background review for diagnostic test development for Zika virus
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Objective To review the state of knowledge about diagnostic testing for Zika virus infection and identify areas of research needed to
address the current gaps in knowledge.

Methods \We made a non-systematic review of the published literature about Zika virus and supplemented this with information from
commercial diagnostic test kits and personal communications with researchers in European preparedness networks. The review covered
current knowledge about the geographical spread, pathogen characteristics, life cycle and infection kinetics of the virus. The available
molecular and serological tests and biosafety issues are described and discussed in the context of the current outbreak strain.

Findings We identified the following areas of research to address current knowledge gaps: (i) an urgent assessment of the laboratory
capacity and capability of countries to detect Zika virus; (ii) rapid and extensive field validation of the available molecular and serological
tests in areas with and without Zika virus transmission, with a focus on pregnant women; (iii) monitoring the genomic diversity of circulating
Zika virus strains; (iv) prospective studies into the virus infection kinetics, focusing on diagnostic sampling (specimen types, combinations
and timings); and (v) developing external quality assessments for molecular and serological testing, including differential diagnosis for
similar viruses and symptom clusters. The availability of reagents for diagnostic development (virus strains and antigens, quantified viral
ribonucleic acid) needs to be facilitated.

Conclusion An international laboratory response is needed, including preparation of protocols for prospective studies to address the most
pressing information needs.

Abstracts in LS5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

On 1 February 2016, the World Health Organization (WHO)
declared that the recent cluster of microcephaly cases and
other neurological disorders reported in the Americas, where
an outbreak of Zika virus infection is ongoing, constitutes a
public health emergency of international concern.’

Zika virus is a mosquito-borne virus related to yellow
fever, dengue, West Nile, Japanese encephalitis and tick-borne
encephalitis viruses which all belong to the virus family
Flaviviridae and genus Flavivirus. Flaviviruses are positive-
sense ribonucleic acid (RNA) viruses, with a genome of ap-
proximately 11 kilobases. Virions are produced as spherical
particles, 40-60 nm in diameter.” The virus was first isolated in
1947 from rhesus monkeys living in the Zika forest in Uganda.’
Up to 2006, only sporadic cases of humans infected with the
virus had been reported in the literature.” Accordingly, Zika
virus was long considered a low-impact human pathogen,
until outbreaks were reported in Yap Island in the Federated
States of Micronesia in 2007 with 118 confirmed and suspected
cases’ and in French Polynesia in 2013-2014 with an estimated
30000 cases.® This might explain the limited number of articles
listed in the PubMed database up to 21 January 2016 (269)
compared with that for other mosquito-borne viruses such as
dengue virus (9187), West Nile virus (5949) and chikungunya
virus (2183).%

Zika virus infection is often asymptomatic; around 80%
of patients showed few or no clinical symptoms during the

outbreaks in Yap Island and French Polynesia.® The incuba-
tion period for the infection was estimated to range from 3
to 12 days.””® Common symptoms in confirmed patients are
a maculopapular rash (90-96% of cases), fever (62-65%),
myalgia and arthralgia (48-65%), headache (45-58%), non-
purulent conjunctivitis (38-55%) and retro-orbital pain
(40%).°* Interim case definitions were published by WHO
on 12 February 2016.°

A major concern is the possible association of Zika virus
infection with Guillain-Barré syndrome - a neurological
disorder — and with microcephaly and other neurological
manifestations in newborns of infected mothers. These
complications have been noticed in the current epidemic
region and were identified retrospectively in the French
Polynesia outbreak.*'* However, the question arises whether
the increased incidences of Guillain-Barré syndrome and
microcephaly in the current outbreak are due to certain
specific virulent strains or to a common pattern of all Zika
virus strains that have gone unnoticed because of the low
number of cases in previous outbreaks.® In Brazil, more than
4700 cases of suspected microcephaly were recorded from
mid-2015 to the end of January 2016, whereas the number
usually is below 200 cases per year.!" Brazil, the Bolivarian
Republic of Venezuela, Colombia, El Salvador and Suriname
reported spikes in Guillain-Barré syndrome cases in Janu-
ary 2016.">" While it remains to be determined if Zika virus
infection causes these complications, several governments
and health agencies have issued precautionary travel advice
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Table 1. Molecular and serological diagnosis of cases of Zika virus imported by patients
travelling from outbreak areas, 2013-2015

Country Country No.of  Zika virus RNA Positive Zika virus serology
imported orisland  human detection results results
into imported cases
from
Australia® Cook 1 Serum-positive  1gG, IgM seroconversion
Islands
Australia’® Indonesia 1 Serum-positive  —
Canada"” Thailand 1 Serum-, urine- IgM; seroconversion in
positive neutralization assay
Finland' Maldives 1 Urine-positive Not tested
Germany'®  Thailand 1 Serum-negative  IgM, IgG
Germany”  Indonesia 1 Serum-negative  IgG, IgM seroconversion;
neutralization assay
Italy? Brazil 1 - IgM; IgG seroconversion;
seroconversion neutralization
assay
Italy* French 2 Serum-positive  IgG, IgM seroconversion
Polynesia
Japan”’ Thailand 1 Serum- IgM
equivocal,?
urine-positive
Japan” French 2 Serum-, urine- IgM, seroconversion neutralization
Polynesia positive assay
Norway” French 1 Serum-positive  1gG, IgM seroconversion
Polynesia
United French 1 - IgM; IgG seroconversion
States” Polynesia

Ig:immunoglobulin: RNA: ribonucleic acid.
¢ Discrepant results observed between two assays.
Note: Dashes indicate data not described.

for the affected regions, with specific
information for pregnant women."

The Zika virus outbreak is also
likely to increase the number of cases
exported from epidemic areas by travel-
lers (Table 1). The current epidemic has
therefore resulted in a large increase in
requests for laboratory diagnosis of sus-
pected cases of Zika virus infection not
only among residents of the outbreak re-
gion but also among travellers returning
from affected areas, especially pregnant
women with or without current or past
clinical symptoms of a Zika virus infec-
tion. We therefore identified a need to
assess the current state of preparedness
in laboratory diagnostics to ensure a
timely and accurate response to the Zika
virus outbreak in both affected and unaf-
fected regions.

Methods

We made a non-systematic review to
present the essential background infor-
mation and current gaps in knowledge
about diagnostic testing for Zika virus
infection in humans. We made a litera-

ture search of the PubMed database up
to 21 January 2016, using the search
terms “Zika virus’, “ZIKV” or “Zika’,
with no date or language restriction.
This was supplemented by information
obtained from commercially available
diagnostic test kits and from personal
communications with researchers in
European preparedness networks. We
identified areas of research and actions
needed to address the identified gaps in
international laboratory preparedness
for an adequate response to the current
outbreak.

Epidemiology
Geographical spread

Serological, epidemiological and en-
tomological studies have reported the
circulation of the virus in tropical areas
of western Africa, central Africa and
in Asia.” By 14 April 2016, Zika virus
autochthonous transmission had been
reported in 35 countries in the Ameri-
cas.” The increased risk of importing
Zika virus to Europe is illustrated by
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recent reports of cases of the virus in
travellers to many European countries.”

Pathogen and transmission
pathways

Zika virus belongs to the Spondweni
virus serogroup of mosquito-borne fla-
viviruses (Fig. 1). Phylogenetic analysis
reveals the existence of two lineages
(Fig. 2): the African lineage, which has
shown no propensity to disseminate
outside of Africa, and the Asian lineage,
which continues to seed in previously
unaffected regions of the world.” All
recently disseminated strains belong
to the Asian lineage.”*" Zika virus ge-
nomes from patients infected in Brazil
and Suriname in 2015 are closely related
to the strain that circulated in French
Polynesia in 2013 (Fig. 2), with more
than 99.7% and 99.9% level of nucleotide
and amino acid identities, respectively.”
Zika virus is transmitted by Aedes
mosquitoes; Ae. aegypti is the only
species for which transmission outside
Africa has been confirmed. In the 2007
outbreak on Yap Island, Ae. hensilii
mosquitoes were implicated as the vec-
tor, but this could never be confirmed
by virus detection. The virus has been
isolated and/or detected by reversed
transcriptase (RT) polymerase chain
reaction (PCR) assay from the follow-
ing species in the field in Africa: Ae.
africanus, Ae. aegypti, Ae. albopictus,
Ae. apicoargenteus, Ae. luteocephalus,
Ae. vitattus, Ae. taylori, Ae. dalzieli, Ae.
hirsutus, Ae. metallicus, Ae. unilinaetus,
Ae. opok and Ae. furcifer.’"* In addition,
genomic RNA was detected in Senegal in
mosquitoes of three species: Mansonia
uniformis, Culex perfuscus and Anoph-
eles coustani. Ae. albopictus has shown
competence in Zika virus dissemination
in laboratory studies but has never been
implicated in Zika virus epidemiology in
the field outside of Africa.’>*
Additional modes of transmis-
sion have been identified. Perinatal
transmission most probably occurs by
transplacental transmission or during
delivery by an infected mother.”* Sexual
transmission has been indicated in mul-
tiple cases.” Zika virus has been isolated
from semen collected 14 days after the
start of symptoms,*® while detection of
the Zika virus genome was described in
semen at 28 and 62 days after the onset
of symptoms.”” The potential for Zika
virus transmission via blood transfusion
was identified in the French Polynesia
outbreak in 2013-2014" and the Bra-
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Fig. 1. Phylogenetic relationships among representative viruses within the family Flaviviridae based on complete genomic sequence

analysis

Murray valley encephalitis

Alfuy

Usutu

Japanese encephalitis

West Nile Central African Republic
West Nile New York 1999

Kunjin D00246

Saint Louis encephalitis

Spondweni
Kedougou
Denque 4
Dengue 2
Dengue 1
Dengue 3
Donggang
%?]mmi
aoyang
Barkedi
Nounane
Ecuador Paraiso Escondido
Entebbe bat
Yokose
Sepik
Wesselsbron
Yellow fever

Saboya
Rio Bravo
Montana Myotis leukoencephalitis

100 Modoc

05

zilian authorities announced the first
confirmed cases of blood-transfusion
mediated transmission on 5 February
2016.%
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Infection kinetics

Knowledge of the Zika virus infection
kinetics is essential to determine the
optimal strategy for diagnosis. This is
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hindered by the fact that only a few
diagnosed cases of human Zika virus
infection, all of Asian lineage, are de-
scribed in the literature.
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Fig. 2. Phylogenetic relationships among selected Zika virus strains belonging to the
African and Asian lineages based on complete genomic sequence maximum

(likelihood analysis)
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Notes: The tree was performed with 19 complete sequences available in the GenBank® database
(National Institutes of Health, Bethesda, USA) as of 21 January 2016, together with a sequence of the
closely related Spondweni virus as outgroup. Sequences were aligned using the Clustal W program.

The tree was built using the maximum likelihood method with the best fitted parameters calculated in
the MEGA version 6.06 software program (general time reversible model with gamma distribution with
invariant sites and nearest-neighbour-interchange using a very strong branch swap filter). The sequences
are labelled with the following information: GenBank® accession number_strain_country_year of
isolation_host. Percentage bootstrap values are indicated at the branch nodes. The scale at the bottom of
the tree indicates the number of nucleotide substitution per site.

Presence of virus in specimens

Data from the French Polynesia out-
break described viraemia that was of
low intensity and short duration.*~*
Zika virus has been detected in serum,
saliva, urine and nasopharyngeal swabs
by molecular methods. In serum, the
virus can be detected typically up to
3-5 days after the onset of clinical
symptoms; the viral load seems to peak
when clinical signs appear.*"* The time
frame of detection in saliva is no longer
than in serum. A study combining the
diagnostic results from blood and saliva
specimens from 182 suspected cases
increased the rate of detection; 19% of
the total of 103 positive cases were de-
tected in saliva only while 52 cases were
detected with both saliva and serum.*
Data from observations of six patients in
the French territory of New Caledonia
and from other case reports suggested
that detection of Zika virus in urine
should be supplemented by molecular
testing of blood samples.'****! The viral
load in urine was higher than in blood,
peaking at days 5-7, and seemed to last
longer, with detection by PCR assay

possible up to 20 days after clinical on-
set of Zika virus disease.*' In one case,
Zika virus RNA was still detected in
patient’s urine at day 28 after the onset
of illness (authors’ own unpublished ob-
servations, Erasmus University Medical
Centre, January 2016). Virus isolation
from urine from a case using Vero cells
has been described.!” Detection of Zika
virus RNA in nasopharyngeal swabs
when serum samples were negative was
described in two cases.'”** The low inva-
siveness of urine and saliva collection is
an advantage for diagnosis of infants and
newborns. More studies on detection
of Zika virus in different types of speci-
mens are needed, as these observations
are based on a limited number of cases.

Immune r esponse

Typically for flaviviruses, immunoglob-
ulin (Ig) M antibodies develop within a
few days after onset of illness and can
generally be detected for up to 3 months.
IgG antibodies develop within days after
IgM and can be detected for months to
years. Cases have been described with
persistence of IgM antibodies for longer
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periods, which complicates accurate
diagnostic testing.*

Immune response from Zika virus
infection has only been described in 11
patients during the Zika virus outbreak
on Yap Island. IgM was detected as soon
as 3 days after the onset of symptoms.
IgG appeared after day 10 in a patient
with no history of previous flavivirus
infections.***>* In this patient, neutral-
izing antibodies against Zika virus could
be detected as early as 5 days after the
onset of fever.

Specific attention should be given
in prospective studies to determine the
Zika virus immune responses in preg-
nant women, since antibody responses
during pregnancy may be different from
those in non-pregnant women.*

Laboratory diagnosis

To run molecular tests in an outbreak
setting, laboratories need knowledge
and experience of quality control and
validation, access to rapid supply chains
for reagents and plastics, and the ca-
pability to increase the throughput of
testing. To speed up testing, experience
with automated equipment for nucleic
acid extraction and RT-PCR assay are
essential.

In serological assays, extensive
cross-reactivity between virus genus
members or geographical overlap with
other pathogens causing overlapping
syndromes might occur. In these cases,
pan-genus and syndromic serum panel
tests and antigens need to be available
and confirmatory techniques such as
enzyme-linked immunosorbent assay
(ELISA), immunofluorescence assay and
virus neutralizing testing are required.

Molecular methods

Molecular diagnosis of Zika virus can be
done on different types of body fluids:
whole blood, serum, EDTA (ethylene-
diaminetetraacetic acid) plasma, saliva
and urine. Urine and saliva should be
considered together with blood and/
or serum in the algorithm of Zika vi-
rus genome detection using molecular
techniques. The reliance on the use of
molecular diagnostics to rule out infec-
tion requires careful consideration, as
the experience of clinicians and diag-
nostic laboratories is necessarily limited
for emerging diseases. Several non-
commercial RT-PCR tests for Zika virus
have been described in the literature, but
few provide validation using the most
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Table 2. Summary of the 12 reverse transcription polymerase chain reaction assays and sample types used to detect viral RNA in at least
one human case of Zika virus infection

Author (year) of PCR target PCRtechnique  Amplicon  Zikavirus Zikavirus No.of human patients Sample types
published PCR assay size (bp) lineage lineage tested in studies positive in
analytical field field
Lanciotti et al. (2008)* Zika virus prM/E,  Hydrolysis probe 76 Asian, African  Asian >200 (combined Serum, urine,
target 1 set)10232434363840-424950 ampniotic fluid
Lanciotti et al. (2008)* Zika virus E, Hydrolysis probe 76 Asian, African  Asian >200 (combined Serum, urine,
target 2 set)10232454363840-424950 ampniotic fluid
Faye etal. (2013)*' Zika virus NS5 Locked nucleic 102 Asian, African  African 3 (B Rockx, personal Serum
acid probe communication,
February 2016)
Tappe et al. (2014)" Zika virus NS3 Hydrolysis probe 94 Asian Asian Gl Serum
Faye et al. (2008)> Zika virus E Conventional 364 African Asian >15 (combined set)****  Serum
Pyke et al. (2014)" Zika virus NS1 Hydrolysis probe 65 Asian Asian 1% Serum
Pyke etal. (2014)" Zika virus E Hydrolysis probe 71 Asian Asian 1°° Serum
Moureau et al. (2007)* Flavivirus NS5 SYBR®-green- 269-272 African Asian A Serum, urine
based
Kuno et al. (1998)** Flavivirus NS5 Conventional 1079 Asian, African  Asian 51%° Serum
Scaramozzino et al. (2001)®°  Flavivirus NS5 Conventional 220 African Asian 1% (L Barzon, personal  Serum, urine
(semi-nested) communication,
February 2016)
Maher-Sturgess et al. Flavivirus NS5 Conventional 800 African Asian 1" Serum
(2008)"'
Ayers et al. (2006)% Flavivirus NS5 Conventional 863 - Asian 1 Serum, urine,
nasopharynx

Bp: base pairs; E: envelope structural protein; NST: non-structural protein 1; NS3: non-structural protein 3; NS5: non-structural protein 5; PCR: polymerase chain reaction;
prM: precursor to membrane protein M; RNA: ribonucleic acid.

Note: Dashes indicate data not described.

recent viral strains and fully document-
ed clinical specimens. In this article, we
only discuss the 12 RT-PCR assays that
have resulted in the detection of viral
RNA in at least one human case of Zika
virus infection, as described in a peer-
reviewed article indexed in PubMed or
in a personal communication (Table 2).
We have compared primers and probes
used in these assays with the cur-
rently known Zika virus RNA sequences
(Fig. 3; available at: http://www.who.int/
bulletin/volumes/94/8/15-171207).

RT-PCR

Zika-virus-specific

Various real-time and conventional
RT-PCR assays specific for Zika virus
have been described (Table 2),!43°152
Lanciotti at al.”’ described a combina-
tion of two real-time PCR assays and this
approach is the most commonly used
for direct diagnosis of Zika virus. Two
gene targets were described and equivo-
cal positive results were mentioned that
could be related to false positives; of 157
samples tested, 10 were positive for only
one target while 17 were positive for
both.* It was not mentioned whether
this was randomly observed with both
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assays. However, discrepant results were
observed between the two targets in the
French and Dutch reference laborato-
ries as well (authors’ own unpublished
observations). Primer/probe set 1 in
combination with TagMan® Fast Virus
1-Master Mix (Life Technologies, Ble-
iswijk, Netherlands) was found to be less
sensitive than set 2 (decrease of about
3 cycle thresholds) and showed worse
amplification plots with Zika viruses of
African lineage. For set 2, African and
Asian lineages of the virus had compa-
rable sensitivity and amplification plots.
Sequencing of PCR products demon-
strated that positivity with only set 1
was shown to be due to false positives
rather than a lack of sensitivity of set 2.
Recently, this assay was used to detect
Zika virus RNA in the amniotic fluid
of two pregnant women, from the state
of Paraiba, Brazil, whose fetuses were
diagnosed with fetal microcephaly.®’
Other researchers have described
an assay using a locked nucleic acid
probe in a real-time RT-PCR assay for
detection of Zika virus in human serum
(Table 2),” although the probe should
be FAM-CTYAGACCAGCTGAAG-
BBQ, with the locked nucleic acids

indicated in bold type (M Weidmann,
University of Stirling, personal commu-
nication, January 2016). Although no
studies have yet been published, several
laboratories are currently identifying
Zika virus infection in humans using
this assay (B Rockx, Dutch National
Institute for Public Health and the en-
vironment, personal communication,
February 2016). In general, locked
nucleic acid and minor groove binder
probes are not the best choice in PCR
screening assays, since only one muta-
tion can result in false-negative results
due to failure to detect the amplified
product. In cases such as Zika virus,
where very few sequence data are
available and the grade of genome con-
servation is not known, it is generally
recommended to use TagMan® probes
in quantitative RT-PCR.

Commercial RT-PCR assays for
Zika virus are rapidly becoming avail-
able. However, until now the tests are
for research purposes only. The primers
and probe sequences in commercial kits
are not usually publicly available, which
precludes in silico assessment of their fit
with the current Zika virus. Commercial
kits on the market include: RealStar®
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Table 3. Flaviviruses likely to show cross-reactivity with Zika virus under serological testing due to vaccination or endemic circulation in

the population, by continent

Virus

Africa

Central

America

and the
Caribbean

Asia Europe
(returning

travellers)

Europe

North
America

South
America

Oceania

Vaccine-related

Yellow fever virus +
Japanese encephalitis virus -
Tick-borne encephalitis virus -
Dengue fever virus -
Endemic circulation

Yellow fever virus +
Dengue fever virus +
West Nile virus +
Japanese encephalitis virus -
Tick-borne encephalitis virus -
Usutu virus +
Saint Louis encephalitis virus =
Rocio virus -
Ilheus virus -
Murray valley encephalitis virus -
Kyasanur forest disease virus -
Alkhurma haemorrhagic fever virus -
Wesselsbron virus +

+

|
+ + +

|

4b +b _ —
+° + - +
+0 - - -

+ — — —
+< - = =

= _ +b
+b

+: virus circulating on continent and could be cross-reactive; —: virus not circulating on continent.
¢ Only in Mexico and possibly Brazil in near future (H Zeller, European Centre for Disease Prevention and Control, personal communication, February 2016).
® Highest priority based on analysis done by Cleton et al.*
¢ Only in countries of the Eastern Mediterranean Region.

Zika virus RT-PCR kit 1.0 (Altona Di-
agnostics GmbH, Hamburg, Germany),
Genesig® Zika virus Advanced kit
(Primerdesign Ltd, Birmingham, United
Kingdom of Great Britain and North-
ern Ireland), MyBioSource Zika real
time RT-PCR kit (MyBioSource Inc.,
San Diego, United States of America),
Genekam Zika virus PCR (Genekam
Biotechnology AG, Duisburg, Germany)
and FTD Zika virus RT-PCR kit (Fast-
Track Diagnostics, Esch-sur-Alzette,
Luxembourg). Manufacturers should be
encouraged to put detailed information
about their primers and probes into the
public domain, so that the performance
of these can be evaluated continuously in
the context of our evolving knowledge
about the genomic diversity of Zika
virus during the current outbreak.

Pan-flavivirus combined with sequencing

One real-time’® and several conven-
tional*®®=** pan-flavivirus (detecting
all viruses of genus Flavivirus) RT-PCR
assays have been used in combination
with sequencing to detect human Zika
virus cases (Table 2),151718:57:5%,64

Serological methods

The serology of flaviviruses is complex
due to extensive cross-reactivity be-
tween antibodies triggered by different
flavivirus infections or by vaccination,
even for viruses belonging to different
serogroups. In addition, an acute flavivi-
rus infection might boost cross-reactive
antibodies due to previous infection
with or vaccination against another fla-
vivirus.” Table 3 summarizes by conti-
nent which flaviviruses, other than Zika
virus, may cause cross-reactivity in sero-
logical tests, due to endemic circulation
or vaccination. This shows that patients
in the current Zika virus outbreak areas
are likely to have a high background
exposure to other flaviviruses, such as
dengue virus, yellow fever virus and West
Nile virus, whereas European travellers
returning from the same areas may not.
As a consequence, a high proportion of
the Zika virus infections in the outbreak
region will be secondary flavivirus infec-
tions that will complicate the serology.
A limited number of Zika virus
serological tests have been described
in the literature. Data from studies of
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Zika virus seroprevalence and diagnosis
published from 1950 to 1980 show that
complement fixation and haemaggluti-
nation inhibition tests show extensive
cross-reaction between Zika and other
flaviviruses.®>*® Despite some risk of
cross-reactivity, the most specific se-
rological method for flaviviruses are
virus neutralization tests.”” More recent
studies, described below, are of Zika
virus serological tests developed non-
commercially and based on ELISA us-
ing whole viral antigen or recombinant
protein or on immunofluorescence as-
say. As these tests have had only limited
validation, the laboratory community
urgently needs better validation data for
serology testing in the field.

Non-commercial tests

Antibody-capture ELISAs for IgM and
IgG (with whole inactivated viral anti-
gen produced on suckling mouse brains)
were used to map antibody responses
in 11 patients from the Yap Island out-
break.”’ A similar technique using whole
viral antigen produced in Vero cells, was
used to describe the antibody response
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of a Guillain-Barré syndrome patient."’
In the case of a patient with primary
Zika virus infection with no history of
other flavivirus infection or vaccination,
IgM antibody-capture ELISA was unex-
pectedly specific for Zika virus with no
cross-reaction with other flaviviruses*
(I Leparc-Goffart, French National
Reference Centre for Arbovirus, unpub-
lished data, 2016). A case of Zika virus
infection in Australia, imported from
Cook Islands, was diagnosed by RT-
PCR with a non-commercial Zika virus
microsphere immunoassay for IgM and
IgG, using recombinant Zika virus non-
structural protein 1 (NS1). The patient
showed seroconversion for Zika IgM
and IgG between an acute-phase sample
at day 2 after the onset of symptoms and
a convalescent-phase sample at day 10."
Zika virus cases imported to Europe
were diagnosed using whole-virus im-
munofluorescence assay for Zika virus
IgM and IgG to determine seroconver-
sion or a fourfold titre increase between
acute- and convalescent-phase serum
samples.'””"** Virus neutralization tests
have been reported in a few studies to
confirm antibody responses detected
by ELISA or immunofluorescence as-
say.'>”>* In a patient with a primary
flavivirus infection with Zika virus,
comparative neutralization tests only
showed neutralizing antibodies against
Zika virus and not against the four den-
gue fever viruses. The interpretation of
neutralization tests when a patient has
already been infected by or vaccinated
against another flavivirus is more com-
plex. Even if the neutralization titre were
higher for Zika virus than for other flavi-
viruses, only a few patients had a titre for
Zika virus that was fourfold higher than
for other heterologous flaviviruses.*

Commercial tests

To the authors’ knowledge three com-
mercial tests are on the market at the time
of writing this article or will be available
soon. The Zika virus IgG and IgM detec-
tion kits of MyBioSource Inc. (San Diego,
USA) use a double-antigen sandwich
ELISA. No information on the type of an-
tigens used or on the test specificity and
sensitivity is given by the manufacturer.”
Biocan Diagnostics Inc. (Coquitlam,
Canada) offers a rapid finger-prick assay
based on a mix of the NS1 protein and
envelope protein that can detect IgM
and IgG antibodies. The company states
a specificity of 99% but no specific details
of the validation procedure are given.*
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Box 1.Areas for research and actions needed to address gaps in knowledge about Zika
virus diagnostic testing

- The following areas of research are suggested to address the knowledge gaps identified:
— Urgent assessment of the laboratory capacity and capability of countries to detect Zika virus.

— Conducting rapid and extensive field validation of the available molecular and serological
tests in areas with Zika virus transmission and in areas unaffected by transmission but receiving
returning travellers. Special focus should be on pregnant women.

— Monitoring the genomic diversity of circulating Zika virus strains to allow verification against
operational molecular tests to ensure continuous sensitivity of testing.

— Conducting prospective studies into the Zika virus infection kinetics in the general population
and in pregnant women. This should focus on determining the ideal types of diagnostic samples
(e.g.whole blood, plasma, serum, urine, saliva, etc.), combinations and times of collection (stage
of illness).

— Developing external quality assessments for both molecular and serological testing. Besides
Zika-virus-positive samples, these panels should include: (i) a cross-reactive panel, consisting of
viruses or antibodies to closely related viruses (dengue virus, yellow fever virus, West Nile virus)
and (ii) a syndromic panel with pathogens or antibodies to diseases with a clinical manifestation
similar to Zika virus (e.g. chikungunya virus, malaria, rickettsia). External quality assessments for
molecular testing should address different types of diagnostic samples.

- The availability of reagents for diagnostic development (e.g. virus strains, virus antigens,
quantified viral ribonucleic acid) needs to be facilitated. This could be achieved through initiatives
such as the European Virus Archive’® and the future EVD-LabNet by the Furopean Centre for

Disease Prevention and Control.

- Aninternational laboratory response is needed, which would include preparation of protocols
for prospective studies to address the most pressing information needs.

Euroimmun AG (Liibeck, Germany) of-
fers both immunofluorescence assay and
ELISA for IgM and IgG. The Euroimmun
immunofluorescence assay is offered in a
mosaic slide together with detection for
Zika virus, chikungunya virus and four
dengue virus serotypes. The information
provided indicates cross-reactivity with
antibodies directed against tick-borne
encephalitis virus, West Nile virus and
dengue viruses for both the IgG and IgM
assays. Furthermore, validation data for
the IgM and IgG Zika virus immunofluo-
rescence assay indicate a wide range of
specificities and sensitivities depending
on the validation cohort. The given values
are hard to interpret as the description of
the cohorts is insufficient. The validation
data should be interpreted with caution,
as positivity was only rated at the cut-
off dilution. This could mean that the
specificity may be different (higher) than
stated, as the results were not scored as
end-titres. The use of end-titres would
provide a window for differentiating the
(cross) reactivity measured. The ELISA
is based on recombinant NS1 protein
which leads to a reduction of cross-
reactivity with other flaviviral antibodies
to maximal values of 18.8% (IgG) and
8.3% (IgM). Euroimmun is currently the
only manufacturer providing detailed
validation data that clearly address the
above-mentioned difficulties with cross-
reactivity in flavivirus serodiagnostics.*”

Biosafety

Zika virus is classified as a biosafety level
2 pathogen in the European Union (with
the exception of the United Kingdom) and
the USA. There are no inactivation data
available that are specific for Zika virus.
However, flaviviruses are typically inacti-
vated by temperatures above 56 °C for at
least 30 minutes, in solutions of pH <6, by
ultraviolet light and by gamma-radiation
and are known to be susceptible to disin-
fectants such as 1% sodium hypochlorite,
2% glutaraldehyde, 70% ethanol, 3-6%
hydrogen peroxide and 3-8% formalde-
hyde'/'OfT‘I

During the initial steps of molecular
detection methods phenol guanidine iso-
thiocyanate or chaotropic salts are added to
the samples to extract the RNA. These re-
agents inactivate flaviviruses, and therefore
the diagnostic procedure could continue
in a laboratory with standard safety levels
after the addition of these reagents.”

Although Zika virus is only a level 2
pathogen, laboratories should assess the
additional risks for laboratory personnel
who are pregnant, especially when the
virus is cultured (e.g. in virus neutral-
ization tests).

Synthesis and conclusions

Box 1 summarizes areas for research
and action that would address some of
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the knowledge gaps identified in this
paper. We suggest that an international
laboratory response is needed, which
would include preparation of protocols
for prospective studies to address the
most pressing information needs. The
knowledge obtained should be put into
the public domain as soon as possible. H
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Résumé

Revue de fond pour I'élaboration de tests de diagnostic de la maladie a virus Zika

Objectif Faire le point sur [état des connaissances concernant les tests
de diagnostic de la maladie a virus Zika et déterminer les domaines de
recherche a approfondir pour combler les lacunes actuelles en la matiére.
Méthodes Nous avons procédé a une revue non systématique de
la documentation publiée au sujet du virus Zika, que nous avons

Bull World Health Organ 201 6;94:574—584D| doi: http://dx.doi.org/10.2471/BLT.16.171

complétée par des renseignements issus de kits de diagnostic du
commerce et de communications personnelles avec des chercheurs
travaillant dans des réseaux européens de préparation aux épidémies.
Lors de cette revue, nous avons examiné les connaissances actuelles sur
la couverture géographique, les caractéristiques pathogenes et le cycle
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de vie du virus, ainsi que sur la cinétique d'infection par celui-ci. Les tests
moléculaires et sérologiques disponibles, tout comme les questions de
biosécurité, sont décrits et abordés dans le cadre de la flambée actuelle
et de sa souche.

Résultats Nous avons identifié les domaines de recherche suivants a
approfondir pour combler les lacunes qui existent a I'heure actuelle:
(i) évaluation urgente des moyens des laboratoires et des capacités
des pays a détecter le virus Zika; (i) validation rapide et généralisée sur
le terrain des tests moléculaires et sérologiques disponibles dans les
zones touchées ou non par la transmission du virus Zika, notamment
pour les femmes enceintes; (jii) surveillance de la diversité génomique
des souches du virus Zika en circulation; (iv) études prospectives

Rémi N Charrel et al.

sur la cinétique de linfection par le virus, axées sur Iéchantillonnage
de diagnostic (types déchantillons, combinaisons et chronologie);
(v) élaboration dévaluations externes de la qualité des tests moléculaires
et sérologiques, avec diagnostic différentiel par rapport aux virus
similaires et aux symptomes. Il est nécessaire de faciliter I'accés a des
réactifs pour la réalisation du diagnostic (souches du virus et antigenes,
quantification de I'acide ribonucléique viral).

Conclusion Une intervention des laboratoires est nécessaire a [échelle
internationale, notamment pour préparer des protocoles d'études
prospectives permettant de répondre aux besoins les plus urgents en
matiére dinformation.

Peslome

0630p HaKOMNEHHOTO OMbITa, NPYMEHMMOTO NPV Pa3paboTKe HOBbIX TECTOB A/ ANATHOCTUKM 3apakKeHns

BUpPYCcoMm 3MKa

LUenb MpoaHanu3nMpoBaTb M3yUYEeHHOCTb TECTUPOBAHMA /1A
IOMarHOCTUKIA 3apaxkeHus BUPYCOM 3MKa U ONpPeaeniTh, B Kakue
001acT! nccnefoBaHUA HeoOXOAMMO HanpaBUTb AEATENbHOCTb,
uTO6bI BOCTIONHWTD MMEIoLMeCs Mpobesibl B 3HAHMAX.

MeToabl ABTOPHI MPOBENM HecucTeMaTuyecKkuin 0630p
onybnrKoBaHHON NMUTEPaTypbl, MOCBALIEHHOW BMPYCY 31Ka, U
obbeanHUAK 3Ty nHGopMaumio C MHdopmMaLmen, NoNyYeHHON C
MOMOLLbIO KOMMEPYECKIIX ANAarHOCTUYECKHX TeCT-HabopoB 1 B Xofe
JIMYHOrO OOLIEHWA C UCCNEeAOoBaTENAMMN B €BPOMENCKMUX CCTEMAX
roToBHOCTU. B 0630p ObinK BKIIOUEHDI CYLLECTBYIOLME 3HAHWA O
reorpaduyeckoM PacnpoCTPaHeH K, OCOOEHHOCTAX BO30YAMTENS,
XV3HEHHOM LMKNE 1 KUHETUKe BUpYca. [JoCTynHble MOneKynAapHble
1 Ceponornyeckne MeToabl TeCTUPOBaHKSA, a TakKe Mpobnemsi
B 061aCTV 61O6E30MACHOCTY OMMUCAHBI U M3YYeHbl B KOHTEKCTE
LUMPKYIVPYIOWErO CErofHs SMMAEMMUECKOro LTaMMa.

Pe3ynbratbl bbino onpeaeneHo, Uto B HACTOALMIA MOMEHT NMPOGerbi
B 3HAHMAX MMeIOTCA B crefylowmx obnacTax UCcCneaoBaHuns:
(i) HEOTNOXHaA OLIEHKa aboPaTOPHOIO NOTEHLIMANa 1 CNOCOOHOCTY
CTpaH BbIABAATb BMPYC 3WKa; (i) bbicTpoe 1 1cuepnbiBaiollee

noATBEPXKAEHME PE3YNbTAaTOB JOCTYMHBIX MONEKYNAPHbLIX U
Ceponornyeckrx TeCTOB B MOJIEBbIX YCNOBUAX KaK B pervioHax
PacnpoCTpaHeHWs BMPYCa 3MKa, TakK U BO BCEX OCTabHbIX C
BblaeneHviem 6epeMeHHbIX XXeHLWH B rpynry 0coboro BHYMaHUs;
(iii) oTCneXxrBaHne reHOMHOro Pa3Ho0bpPa3nA LIMPKYIMPYIOLLNX
WTaMMOB BMpYycCa 31Ka; (iv) NpoCcnekTUBHbIE UCCNeA0BaHNA
KWHETUKWU BUPYCa, aKLUEHTMPYloWMe BHUMaHWe Ha B3ATUN
npo6 Ans ANMArHOCTUKKL (BMAbLI, COYeTaHma Npob 1 CPOKM UX
B3ATMA); (V) pa3paboTka NpoLueayp BHeLWHeN OLeHKM KayecTsa
MOSIEKYNIAPHBIX 11 CePONIOrMUECKX METOAOB TECTUPOBAHNA, B TOM
yncne gnddepeHumanbHoM UarHOCTUKN ANA CXOXUX BUPYCOB
1 CUMMTOMOKOMIMEKCOB. HEOOXOAMMO yBENMUNTL AOCTYNMHOCTL
peareHToB ANA Pa3BUTUA AMArHOCTUKM (LWUTaMMbl 1 aHTUTEHBI
BUPYCa, BUPYCHas PUOOHYKNENHOBAA KMACIOTa B KONMYECTBEHHOM
BbIpaXXeHNM).

BbiBog OT nabopatopuii Bcero Mvipa TpebytoTca OTBETHbIE 1eCTBIAA,
BKJIIOYalOLMEe MOATOTOBKY MHCTPYKUMWIA A8 MPOCNEKTUBHbBIX
1CCNeoBaHNIA, KOTOPbIe MO3BONMAM Obl YAOBNETBOPWTL Hanbonee
HeOTNOXHble NOTPEOHOCTU B IHDOPMALIMIN.

Resumen

Revision de antecedentes para el desarrollo de pruebas de diagndstico para la infeccion por el virus de Zika

Objetivo Revisar el estado del conocimiento sobre las pruebas de
diagnéstico para la infeccion por el virus de Zika e identificar las dreas
de investigacion necesarias para abordar las actuales lagunas en los
conocimientos.

Métodos Se llevd a cabo una revision no sistemética de las publicaciones
sobre el virus de Zika y se complementé con informacién derivada de
equipos de pruebas de diagndstico comerciales y comunicaciones
personales con investigadores de redes de preparacién europeas. La
revision abarcé el conocimiento actual sobre la propagacion geogréfica,
las caracteristicas patogenas, el ciclo de vida y la cinética de infeccion
del virus. Las pruebas moleculares y serolégicas disponibles, asi como
temas relativos a la bioseguridad, se describen y debaten en el contexto
de la cepa del brote actual.

Resultados Se identificaron las siguientes areas de investigacion para
abordar las actuales lagunas en los conocimientos: (i) una evaluacion
urgente de la capacidad de laboratorio y de los paises para detectar el
virus de Zika; (ii) una validacion de campo rdpida y extensa de las pruebas

moleculares y serolégicas disponibles en zonas con'y sin la transmision
delvirus de Zika, prestando especial atencién a las mujeres embarazadas;
(iii) un seguimiento de la diversidad gendmica de las cepas del virus
de Zika activas; (iv) estudios prospectivos sobre la cinética de infeccion
del virus, con especial atencién a las muestras de diagnoéstico (tipos de
espécimen, combinaciones y tiempos); y (v) desarrollo de evaluaciones
de calidad externas para las pruebas moleculares y seroldgicas, incluidos
diagndsticos diferenciales para virus similares y conjuntos sintométicos.
Es necesario facilitar la disponibilidad de reactivos para desarrollar
los diagndsticos (cepas del virus y antigenos, acido ribonucleico viral
cuantificado).

Conclusion Se necesita una respuesta de laboratorios internacionales,
incluida la preparacion de protocolos para estudios prospectivos, a fin
de satisfacer las necesidades informativas mas urgentes.
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