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PROTOCOL SUMMARY

Representative serologic studies are designed to collect data to estimate prevalence of antibodies to
a new pathogen in a population. This information is critical to better understand the extent of
infection in a population and the severity of the new virus.

This study protocol outlines methods to collect data to measure the seroprevalence of cross-reactive
antibodies to MERS-CoV in presumed high-risk human populations and to detect viral shedding in
dromedary camels in selected countries with high densities of dromedary camel populations.

The study focuses on occupational risk - individuals whose work requires direct and prolonged
contact with dromedary camels - and has been adapted for consideration in African and South Asian
countries.

The original protocol was published in 2013 and has been updated to reflect updated scientific
knowledge about MERS-CoV, the results and experiences of similar studies conducted in a number of
countries and input from the FAO and the animal sector.

Comments for the user’s consideration are provided in purple text throughout the document as the user
may need to modify methods slightly because of the local context in which this study will be carried

out.
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1.0 SCIENTIFIC BACKGROUND AND RATIONALE

As of June 2018, more than 2200 laboratory-confirmed cases of human infection with Middle East Respiratory
syndrome coronavirus (MERS-CoV) have been reported to WHO [1]. The virus appears to be circulating
widely in dromedary camel populations throughout the Middle East, in large parts of Africa and in South
Asia. The majority of human cases have been reported from the Kingdom of Saudi Arabia.

MERS-CoV is a zoonotic virus and dromedary camels are the single maintenance host and primary
reservoir of MERS-CoV, however, the route of transmission to humans is unknown [2,3]. MERS-CoV
nucleic acid has been identified in camels in Egypt, Oman, Qatar, United Arab Emirates, and Saudi
Arabia and sera from dromedary camels from a number of (18) countries throughout the Middle East,
North, West and East Africa and Pakistan have been found to have antibodies to MERS-CoV [4-11].
Human-to-human transmission has occurred in several clusters in health care facilities, most notably in
March and April of 2014 in Saudi Arabia and the United Arab Emirates, as well as in 2015 in the Republic
of Korea where 186 cases resulted from a single imported case. There is evidence of limited
transmission among family members in households and in one work setting [1,2,12-16]. A number of
asymptomatic or mild MERS-CoV cases have been identified via contact tracing but as surveillance
targets patients with severe disease, the proportion of infections that may be mild or asymptomatic is
unclear. The secondary attack rate in families and other social groups appears to be low.

The non-specificity of clinical case definitions for MERS-CoV and the tendency of surveillance to focus
on severe cases mean that rates of infection cannot be estimated from case-based clinical surveillance.
Yet, this information is critical to understanding the overall morbidity, mortality, and population-level
severity of a novel virus. Representative serological studies are designed to collect denominator data (i.e.,
number of infections) that can be used to estimate severity parameters such as the case fatality risk (i.e.
the total number of novel virus-related deaths divided by the total number of infections) and
hospitalization risk (number of related hospitalizations divided by number of infections). Thus analysis
of serological data can reduce the uncertainty around severity assessment and help inform the
appropriate intensity and targeting of mitigation policies.

In the study protocol outlined here, we provide the methods to conduct a cross-sectional sero-
epidemiologic study of populations that are believed to be at a higher risk of infection due to prolonged
direct contact with dromedary camels (e.g., camel workers, camel handlers, camel slaughterhouse
workers), be conducted to estimate seroprevalence of MERS-CoV in specific populations at one point in
time. This information will be useful to better understand the risk of infection among people who are
likely to be more frequently exposed to suspected animal reservoirs.:

1.1 STUDY OBJECTIVES

The data collected from this study can be used to refine/update recommendations for surveillance and
case definitions, to characterize the key epidemiological transmission features of MERS-CoV virus, help
understand spread, severity, spectrum of disease, impact on the community and to inform operational
models for implementation of countermeasures such as case isolation, contact tracing and isolation.

1.1.1 PRIMARY OBJECTIVES
The primary objectives of this study are to:

e To determine the geographic extent of evidence of MERS-CoV viral shedding in dromedary
camels in countries with high densities of dromedary camels
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e To determine the geographic extent of evidence of MERS-CoV infection in occupationally
exposed persons in countries with high densities of dromedary camels

e Estimate seroprevalence of MERS-CoV infections among persons with occupational exposure to
dromedary camels

COMMIENT: Seroepidemiology studies, such as the one described here, provide rich data that can permit
evaluation of numerous secondary objectives. These can include, but not limited to:

e Identify modifiable risk factors (e.g. exposures, behaviors, practices) for human MERS-CoV
infection among persons with occupational exposure to dromedary camels
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2.0 STUDY PROCEDURES

Because MERS-CoV has not yet achieved sustained human-to-human transmission in the population, this
study utilizes a cross-sectional design, i.e., the study of a population at one point in time, rather than a
serial cross-sectional study in which sera were collected from two time periods (pre and post) in which
cumulative incidence could be estimated (such as is done for influenza).

2.1  SELECTION AND RECRUITMENT OF STUDY PARTICIPANTS

There are several options for the selection of study participants and these are described below.

COMMIENT: For MERS-CoV, we recommend that study participants be chosen from populations in regular
direct contact with dromedary camels (e.g. dromedary camel handlers on farms, in live animal markets,
at abattoirs, etc.). The exact locations where study participants will be recruited will need to be
determined by the camel husbandry and slaughterhouse practices of each country.

2.1.1 IDENTIFICATION OF STUDY PARTICIPANTS - SELECTION OF HIGH RISK POPULATIONS
COMMENT: The methods for sampling will depend on the study population selected. Below are

examples of some populations that may be considered for inclusion in this study. The specific methods
for selection and recruitment will depend on the populations selected and the locations of these
populations.

Recruitment of participants from camel farms

e |dentify the locations of the highest density of domesticated dromedary camel farms/dromedary
camels in the country

COMMENT: It is recommended that investigators identify geographic areas/sites with the largest
number of potential participants for this study and attempt to recruit all available participants.

COMMIENT: If the farm population is small, then all eligible study participants should be recruited. If
not, then a random selection of eligible residents and workers of the farm should be selected.

e At each camel farm, the potential study participant will first be asked whether he/she is over
the age of [local age of consent]. If the respondent is not, the interviewer will ask to speak with an
individual who is over the local age of consent. The interviewer will ask the potential study
participant how many individuals are living and working at the farm who are over the age of
consent, to name them, and who are present. A random name will be chosen from those present
and interviewers will ask to speak to each participant at the farm. The study will be briefly
described to the responding participant or guardian and a time arranged to return and formally
recruit them to the study.

If no one is at home at the first visit, each randomly selected farm will be visited 2 additional times at
different times of the day and each visit recorded.

Recruitment of participants from animal markets

e The locations of dromedary camel markets in the country will be identified.

e If there are a large number of markets within the participating country, markets from provinces
where MERS-CoV human cases have been confirmed can be randomly selected. In countries that
have not reported any MERS-CoV human infections, markets in close proximity to dromedary
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camel farms/ dromedary camel populations can be selected. From each market, a random
selection of eligible market workers will be recruited for the study.

COMMENT: If MERS-CoV has not been detected in the implementing country, then a random
selection of camel markets can be chosen. If MERS-CoV has been detected, it is preferable to focus on

markets in the area(s) where the virus has been detected.

For eligible markets, study personnel will visit the market to identify the number of market workers
eligible for inclusion and obtain relevant approvals to conduct this study in the market. If the
markets are small in size, study personnel will attempt to recruit all eligible market workers into
the study. If the markets are large in size, study personnel will select a random sample of market
workers to include in the study until the sample size is met.

Recruitment of participants from animal handlers from racing venues (e.g., camel racing tracks)

The locations of dromedary camel racing venues in the country will be identified.

For eligible venues, study personnel will visit the venue to identify the number of workers eligible
for inclusion. If the venue is small in size, study personnel will attempt to recruit all eligible
workers into the study. If the venue is large in size, study personnel will select a random
sample of workers to include in the study until the sample size is met.

Recruitment of participants from camel abattoirs

The locations of camel abattoirs in the country will be identified.

Camel abattoirs from provinces with the highest volume of camels processed will be selected.

For eligible abattoirs, study personnel will visit the abattoir to identify the number of workers
eligible for inclusion and obtain relevant approvals to conduct this study in the abattoir. If the
abattoir is small in size, study personnel will attempt to recruit all eligible abattoir workers and
animal handlers into the study. If the abattoir is large in size, study personnel will select a random
sample of abattoir workers and animal handlers to include in the study until the sample size is
met.

For occupational study populations, it will not be possible to obtain sufficient samples in all age groups.

However, efforts should be made to include participants that are representative of all job-types within

the occupational cohort of interest.

For all four of the selection methods described, both the number of people that are requested to participate

and the number that refuse will need to be recorded.

2.1.2

ELIGIBILITY CRITERIA

Inclusion criteria: any individual 18 years old or above, who gives informed consent.

COMMENT: The age of consent and assent may vary by country. Check with local IRB requirements.

Exclusion criteria: any contraindication to venipuncture.

213

ETHICAL CONSIDERATIONS

Ethical approval will be sought in accordance with local, regional and national authorities.
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2.1.4 INFORMED CONSENT
The purpose of the investigation will be explained to all eligible participants. Informed consent will

be sought from all eligible study participants willing to participate in the investigation by a trained
member of the investigation team before any procedure is performed as part of the investigation.
Each participant must be informed that participation in the investigation is voluntary and that s/he is
free to withdraw, without justification, from the investigation at any time without consequences.

Informed consent will seek approval to collect demographic data, information related to exposures
to dromedary camels, and a blood and nasopharyengeal sample to determine exposure to MERS-
CoV. Informed consent will indicate that samples may be shipped outside of the home country for
additional testing and that samples may be used for future research purposes. Informed consent will
also indicate that any suspected or confirmed MERS-CoV infection may be notified to the national
health authorities under the requirements of the International Health Regulations.

2.1.5 RISKS AND BENEFITS FOR PARTICIPANTS
This investigation poses minimal risk to participants, involving the collection of a small amount of blood.

The direct benefit to the participant is the possibility of identifying evidence of MERS-CoV infection,
which, if the infection were acute, would allow for early monitoring and treatment. Additional benefits
are indirect in that data collected will help improve efforts to understand the geographic scope and
transmission of MERS-CoV, assisting efforts to reduce further spread of MERS-CoV.

2.1.6 COMPENSATION AND INCENTIVES TO PARTICIPATE

COMMIENT: If local IRB regulations permit, participants may be offered reimbursement for reasonable
out of pocket expenses related to the investigation; however, the level of compensation should not be
such that participants are unduly influenced into consenting to participate.

2.1.7 PREVENTION OF MERS-COV INFECTION
Before the start of the investigation, all study personnel, will be offered training in local infection

prevention and control procedures (standard contact, droplet or airborne precautions). These
procedures will be determined by local or national guidelines, but should include proper hand hygiene
and the correct use of surgical or respiratory face masks, if necessary, to minimize the risk of infection and
transmission. WHO technical guidance on infection prevention and control specific to MERS-CoV can be
found here:

http://www.who.int/csr/disease/coronavirus_infections/technical-guidance-infection/en/

2.1.8 DATA COLLECTION
At the time of recruitment, a study questionnaire will be administered to all study participants, depending

on the occupation of the participant. Appendix A provides examples of questionnaires that may be used
for camel farm workers, live animal market workers, abattoir workers and quarantine workers.

COMMENT: Appendix B contains population specific questionnaires used for a similar study conducted in
Qatarin 2014.

2.2 SPECIMEN COLLECTION AND LABORATORY EVALUATIONS

2.2.1 SPECIMEN COLLECTION, TRANSPORTATION
All participants: 5-10 mL of blood will be collected in a serum tube according to standard procedures and

labeled with a coded identification number that will also be recorded on the interview questionnaire. All
9
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participants will also have a nasopharyngeal and oropharyngeal swab collected and tested for MERS-
CoV by RT-PCR. Time of collection, location, and name of person collecting the specimens will also be
recorded. Specimen tubes will be stored temporarily on ice carried by the study teams until they can be
transported to the laboratory.

Transport of specimens within national borders should comply with applicable national regulations.
International transport of MERS-CoV specimens should follow applicable international regulations as
described in the WHO Guidance on Regulations for the Transport of Infectious Substances 2013- 2014
available at:_http://www.who.int/ihr/publications/whohseihr20100801/en/index.html.

COMMENT: The specific volume of blood to be determined by study personnel, bearing in mind that the
minimum required volume is 5 mL.

COMMENT: Specimens may be aliquotted so that specimens remain in country and only aliquots are sent
to a reference lab. Some serologic assays may become available to be done in country.

Full details for virologic laboratory testing of MERS-CoV can be found here:

http://www.who.int/csr/disease/coronavirus infections/technical-guidance-laboratory/en/

If any participants return a positive PCR test for MERS-CoV, they should be reported to the national
health authorities under the requirements of the International Health Regulations, and all contacts
followed up for 14 days.

See: http://www.who.int/csr/disease/coronavirus infections/mers-investigation-cases/en/

Sampling in dromedary camels: Nasal samples from dromedary camels at the study sites (e.g.,
where human participants are recruited) will be collected at the time of the human biological sampling
and tested for MERS-CoV by RT-PCR methods at the appropriate national animal health laboratory.
Sampling of younger camels should be prioritized, particularly during the time of the year when young
camels are weaned from their mothers.

COMMENT: This protocol recommends testing the dromedary camels or meat/organs/products (in the
case of a slaughterhouse) to determine if there is active viral shedding at the study locations. Sampling
will need to be conducted with the Ministry of Agriculture or relevant national/sub-national authorities
as determined by each country.

2.2.2 LABORATORY EVALUATIONS

As of January 2018, a MERS-CoV case may be laboratory confirmed by detection of viral nucleic acid or by
serology. WHO case definitions for MERS-CoV can be found here:

http://www.who.int/csr/disease/coronavirus_infections/case_definition/en/

COMMIENT: The following laboratory recommendations are subject to further updates as diagnostic tests and
approaches become available.

Molecular testing: Three rRT-PCR assays for routine detection of MERS-CoV have been developed and their
details published. Currently described tests are an assay targeting upstream of the E protein gene (upE) and
assays targeting the open reading frame 1b (ORF 1b) [9] and the open reading frame 1a (ORF 1a) [10]. The
assay for the upE target is considered highly sensitive and is recommended for screening, with the ORF 1a

10
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assay considered of equal sensitivity. The ORF 1b assay is considered less sensitive than the ORF 1a assay. An
alternative approach involving two rRT-PCR assays targeting the MERS-CoV nucleocapsid (N) protein gene,
which can complement upE and ORF 1a assays for screening and confirmation has also been published [11].
To date, these rRT-PCR assays have shown no cross-reactivity with other respiratory viruses including human
coronaviruses and were suitable to detect all known MERS-CoV strains in humans and dromedary camels.

Methods for sequence confirmation have also been published [10].

Serologic testing: Serological testing will be carried out in collaboration with an external laboratory partner
as needed. Multiple serological assays will be needed to confirm seropositivity, and may include
fluorescent antibody testing, enzyme linked immunoassay, or luciferase assay. In addition, all samples
will be tested using a neutralization assay. Testing will be done for antibodies against MERS-CoV specific
proteins of the spike and nucleocapsid. Two aliquots of sample will be made and one kept for future analysis.

COMMENT: Several serological assays are currently available, having been developed by different
laboratories using different platforms, including fluorescent antibodies, enzyme-linked
immunosorbent assays, luciferase immunoprecipitation systems, and virus neutralization. The assays each
have advantages and disadvantages but appear to have similar utility. Until their interoperability and
comparability are better understood, more than one assay should be performed for each serum sample.
An algorithm is being developed to determine the combinations of results considered “positive” for the
purpose of comparative analysis.

A number of different technical approaches for confirming MERS-CoV infection using serology have been
developed. Details of two immunofluorescence assays to detect antibodies to MERS-CoV have been
published [10], and these assays, along with a serum neutralization test, were used in a 2 to 3 stage
procedure to screen contacts of a case in Germany and determine population seroprevalences in KSA [9,
16,17]. An assay for detection of MERS-CoV antibodies using protein microarray technology has also been
developed. Another two-stage approach with a screening test using a recombinant nucleocapsid (N) and
spike (S) protein-based indirect enzyme-linked immunosorbent (ELISA), followed by a confirmatory
microneutralization has also been described. Details of a neutralization test based on retroviral
pseudoparticles which also demonstrates high levels of specificity to MERS-CoV have also been published
[18].

COMMENT: Only a limited number of laboratories have the facilities for MERS-CoV serologic testing and
therefore collaboration between countries without current capacity and designated reference laboratories
is possible. Collaboration is at the discretion of Member States carrying out the investigation, but
WHO strongly supports such collaboration and would willingly facilitate collaboration and possible
shipment elsewhere for testing.

For serologic testing, if capacity for performing ELISA and/or microneutralization does not exist in country,
WHO is able to facilitate coordination and collaboration with an external laboratory.

Sequencing: Full genome sequencing of the virus from biological samples from both human participants
and dromedary camels should be performed, if possible. This may need to be done in collaboration with
an external laboratory partner.

11
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2.3 DATA MANAGEMENT

Demographic and occupational exposure data will be stored in a secure, password-protected database
in the country where it is collected. Patient identity will be protected and only aggregate summary data
released publically. Original data collection forms will be kept in locked storage.

12
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3.0 STUDY ENDPOINTS & STATISTICAL ANALYSIS

The following section discusses sample size considerations, study endpoints — that is, what can be
measured and calculated using the data collected in this study — and the statistical analyses that should
be performed to answer the study questions.

3.1 SAMPLE SIZE CONSIDERATIONS

The study-specific sample size will be determined by the number of participants in contact with the
dromedary camels and by assumptions related to MERS-CoV transmission from dromedary camels to
humans.

COMMENT: Past studies have found it difficult to recruit large numbers of occupationally exposed
individuals in individual countries. Every effort should be made to include all participants who are
routinely in contact with dromedary camels as part of their occupational duties to maximize the
statistical power of the investigation.

3.2 STUDY OUTCOME MEASURES
3.2.1 PRIMARY ENDPOINTS

The primary objectives of this study are to determine the geographic extent of evidence of MERS-CoV viral
shedding in dromedary camels in countries with high density of dromedary camels; to determine the
geographic extent of evidence of MERS-CoV infection in occupationally exposed persons in countries with
high density of dromedary camels; and to estimate seroprevalence of MERS-CoV infections among persons
with occupational exposure to dromedary camels.

The primary endpoints will therefore be:

e Proportion of all dromedary camels tested with evidence of MERS-CoV viral shedding

e Proportion of all persons with occupational exposure to dromedary camels having evidence of
MERS-CoV infection

e Seroprevalence of MERS-CoV antibodies in human participants

COMMENT: Depending on the study sample size, these proportions may be reported as overall
proportions or by subgroup (e.g. by occupational group or job duty, by age, gender, etc.).

13
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40 COMPOSITION OF STUDY TEAM

COMMENT: The proposal calls for a multi-disciplinary research study team to undertake this study. The
composition of the study team will be determined by each country. It is recommended that members
from the Ministries of Health and Agriculture, national laboratories for animals and humans, and other
partners are included in the implementation and interpretation of this investigation.

COMMENT: Once a study team is identified, a workshop and training should be conducted to organize the
implementation of the study.
COMMENT: An advisory committee may be considered, as this study is part of a wider effort to conduct a

multi-site cross-sectional human and dromedary camel serosurveys across many countries in Africa. This
can further be discussed with WHO and partners.

14
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5.0 DISSEMINATION OF RESULTS

Reports of the results of this study should include the number of occupationally exposed participants
recruited and the number of confirmed MERS-CoV infections among these participants, and/or the
number of participants with serological evidence of MERS-CoV infection. It should also include the
number of dromedary camels tested and the proportion with laboratory evidence of MERS-CoV
infection.

It is also important to fully document the study design, including recruitment methods, eligibility
criteria, techniques for determining MERS-CoV infection and the outcome measurements, in order to
assist the interpretation of the findings.

An integrated approach which engages both researchers and stakeholders should be used for
conducting dissemination activities in joint efforts by the researchers involved and advisory
committee members.

Dissemination activities could include:

e Submitting progress and final research reports to national Ministries of Health and
Agriculture and to WHO.

e Publishing the research findings in peer-reviewed journals and making them available in
open access format.

e Organizing meetings/seminars/workshops involving a panel of the research team beside
other research experts (from human and animal health) to discuss the research findings and
how they may influence public health interventions and policies.

e Developing policy briefs for national human and veterinary health authorities

COMMENT: The timely dissemination of the results of this study are critical in understanding
transmission of the MERS-CoV virus to inform guidance for policy to direct national and international
public health responses.

15
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Other investigation tools for MERS-CoV can be found at:
http://www.who.int/emergencies/mers-cov/en/

A large number of individuals were involved in the creation and revision of this protocol. These include:
Maria D Van Kerkhove, Anthony W Mounts, Stephane Hugonnet, Peter Karim Ben Embarek, Mamun
Malik, Amgad Elkholy, Mamoudou Djingarey, Yahaya Ali Ahmed, Rebecca Grant (World Health
Organization), Heath Kelly (Victorian Infectious Diseases Reference Laboratory, Melbourne), Angus
Nicoll (ECDC), John Wood (formerly of NIBSC, UK), Othmar Englehardt (NIBSC, UK), and Sue Gerber, Aron
Hall and John Watson (US CDC), Heba Mahrous, Tabitha Kimani and Sophie VonDobschuetz (FAO).

We would also like to acknowledge the Supreme Council of Health in Qatar for sharing their MERS-
CoV seroepidemiology questionnaires used in a similar study conducted in 2014 (Appendix B).
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APPENDICES

APPENDIX A: QUESTIONNAIRES FOR OCCUPATIONALLY EXPOSED PARTICIPANTS
The following questionnaires have been developed for this study:

e High risk group questionnaire: Abattoir worker

e High risk group questionnaire: Camel farm/ barn/ ranch worker
e High risk group questionnaire: Animal market worker

e High risk group questionnaire: Quarantine worker
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APPENDIX B: POPULATION SPECIFIC QUESTIONNAIRES USED IN QATAR

(Provided separately)
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