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ABSTRACT
Introduction Middle East respiratory syndrome (MERS) 
is a viral respiratory infection caused by the MERS- CoV. 
MERS was first reported in the Kingdom of Saudi Arabia 
in 2012. Every year, the Hajj pilgrimage to Mecca attracts 
more than two million pilgrims from 184 countries, making 
it one of the largest annual religious mass gatherings 
(MGs) worldwide. MGs in confined areas with a high 
number of pilgrims’ movements worldwide continues to 
elicit significant global public health concerns. MERCURIAL 
was designed by adopting a seroconversion surveillance 
approach to provide multiyear evidence of MG- associated 
MERS- CoV seroconversion among the Malaysian Hajj 
pilgrims.
Methods and analysis MERCURIAL is an ongoing 
multiyear prospective cohort study. Every year, for the 
next 5 years, a cohort of 1000 Hajj pilgrims was enrolled 
beginning in the 2016 Hajj pilgrimage season. Pre- Hajj and 
post- Hajj serum samples were obtained and serologically 
analysed for evidence of MERS- CoV seroconversion. 
Sociodemographic data, underlying medical conditions, 
symptoms experienced during Hajj pilgrimage, and exposure 
to camel and untreated camel products were recorded 
using structured pre- Hajj and post- Hajj questionnaires. The 
possible risk factors associated with the seroconversion 
data were analysed using univariate and multivariate logistic 
regression. The primary outcome of this study is to better 
enhance our understanding of the potential threat of MERS- 
CoV spreading through MG beyond the Middle East.
Ethics and dissemination This study has obtained 
ethical approval from the Medical Research and Ethics 
Committee (MREC), Ministry of Health Malaysia. Results 
from the study will be submitted for publication in peer- 
reviewed journals and presented in conferences and 
scientific meetings.

Trial registration number NMRR-15-1640-25391.

INTRODUCTION
Middle East respiratory syndrome (MERS) is 
a viral respiratory disease that first emerged in 
the Kingdom of Saudi Arabia (KSA) in 2012, 
caused by a novel coronavirus, MERS- CoV.1 
It is claimed to have been transmitted from 
animals to humans, most likely through 
direct or indirect contact with infected 
dromedary camels, which was found to be 
a potential reservoir host for MERS- CoV.2 

Strengths and limitations of this study

 ► MERCURIAL will serve as a platform for the first mul-
tiyear seroconversion surveillance study assessing 
mass gathering- associated Middle East respiratory 
syndrome (MERS)- CoV seroconversion among Hajj 
pilgrims travelling to the regions that are most im-
pacted by this virus.

 ► Our prospective study design will allow us to look 
at antibody titre changes in pre- Hajj and post- Hajj 
serum samples in the same individuals, providing 
serological evidence of exposure to MERS- CoV.

 ► This study will produce evidence that may influ-
ence future healthcare services for Hajj pilgrims in 
Malaysia and other countries worldwide.

 ► The drop- out rate may be high due to the limited 
time frame and other challenges we may face during 
post- Hajj follow- up activities at the airport.

 ► As with any cohort study, there is potential for re-
sponse bias.
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Human- to- human transmission is rare, but most cases 
have occurred in healthcare settings due to close contact 
when providing care to infected patients.3 The person who 
contracted the virus can be asymptomatic or present with 
mild symptoms such as fever, cough, shortness of breath 
and diarrhoea. Some people, however, develop a severe 
acute respiratory illness that can lead to death. Among 
those who succumbed to the infection, many were among 
the elderly and those with underlying medical problems 
such as cancer, cardiovascular diseases, diabetes and 
chronic lung disease.4 MERS has emerged as a serious 
global public health concern due to its high mortality rate 
with the potential to spread beyond the Middle East. By 
2020, more than 2500 MERS- CoV laboratory- confirmed 
cases, resulting in more than 800 associated deaths has 
been reported globally. To date, the most significant 
MERS outbreak outside of the Middle East occurred in 
the Republic of Korea.5 Travel history to the Middle East 
was identified as the source of infection reported outside 
of the region.6

The potential of MERS to spread through mass gath-
erings (MGs) is of significant public health concern as 
it involves a high concentration of people at a specific 
location over a set period, hence, increasing the 
chance of transmission.7 Every year, KSA hosts the Hajj 
pilgrimage, attracting more than two million pilgrims 
from at least 184 countries to the city of Mecca.8 This 
substantial MG creates a potential high- risk condition 
for the global spread of MERS due to high population 
mobility post- Hajj. Moreover, a majority of pilgrims are 
among the elderly with comorbidities such as diabetes 
and hypertension, putting them in the high- risk 
group with increased susceptibility to respiratory tract 
infections.9

Pandemic potential of this disease serves as an impetus 
for some epidemiological studies related to Hajj pilgrims 
and MERS- CoV from researchers worldwide.10 However, 
the availability of MG- associated surveillance data is 
limited to the existing studies focusing primarily on 
detecting active infection in symptomatic Hajj pilgrims 
using a standard reverse transcription polymerase chain 
reaction (RT- PCR) molecular diagnostic assay. To date, 
no confirmed cases have been detected in Hajj pilgrims 
using RT- PCR,11–23 imploring an enhanced surveillance 
system to detect ‘silent’ disease transmission among Hajj 
pilgrims especially in those with mild and asymptomatic 
infection.

This study protocol outlines a multiyear prospective 
cohort study among Malaysian Hajj pilgrims by inte-
grating seroconversion surveillance to assess MG- as-
sociated MERS- CoV seroconversion during the Hajj 
pilgrimage. The coordinated and structured manner of 
the handling of Malaysian Hajj pilgrims by the Malaysian 
Hajj Pilgrim Fund Board (Tabung Haji Malaysia, THM) 
and the long- standing participation of the Ministry of 
Health Malaysia (MOHM) in the management of the 
Malaysian Hajj pilgrims offered an excellent opportunity 
to undertake this study.

OBJECTIVES
Primary objective
The primary objective of this study is to estimate 
the MERS- CoV seroconversion rate during the Hajj 
pilgrimage.

Secondary objectives
Specifically, this study has three secondary objectives:
1. To determine, as measured by seroconversion, the risk 

of exposure to MERS- CoV among Malaysian pilgrims 
travelling to/from Saudi Arabia for Hajj.

2. To ascertain the percentage of exposed MERS- CoV in-
dividuals that go unreported due to a lack of symptoms 
or mild clinical presentations.

3. To describe the risk factors (age, gender, exposure 
to camels or untreated camel products, etc) associat-
ed with seroconversion to MERS- CoV within the de-
scribed Hajj pilgrimage cohort.

METHODS AND ANALYSIS
Study design
This is a multiyear prospective cohort study designed to 
evaluate the risk potential of MERS- CoV infection among 
the Malaysian Hajj pilgrims from different cohorts begin-
ning with the 2016 Hajj pilgrimage season using the 
seroconversion surveillance methodology. This study was 
initiated in 2016 and is expected to continue for another 
5 years through 2021. The quantitative data will consist of 
both biological samples and survey questionnaires. The 
biological samples include paired- serum samples (pre- 
Hajj serum and post- Hajj serum) to identify the presence 
of anti- MERS- CoV antibodies among the pilgrims. The 
pre- Hajj and post- Hajj questionnaires are structured to 
provide data on the health status and the history of expo-
sures to camels and untreated camel products during the 
pilgrimage. These questionnaires are compiled based 
on the sample questionnaire originating from a WHO 
protocol aimed to assess potential risk factors associated 
with the introduction or transmission of MERS- CoV.24 The 
schematic of the overall study is as presented in figure 1.

Study team
The study team was composed of researchers from the 
Tropical Infectious Diseases Research & Education Centre 
(TIDREC) at the University of Malaya, and the US Naval 
Medical Research Center- Asia (NMRC- A) in Singapore, 
with key management personnel from the MOHM and 
THM. The researchers from TIDREC and NMRC- A were 
responsible for planning, coordinating, and ensuring 
that ethical standards were maintained throughout 
the study. Key management personnel from MOHM 
and THM participated in their official capacities and 
authority to directly or indirectly planned, directed and 
managed healthcare activities concerning the Malaysian 
Hajj pilgrims. The microneutralisation assay protocols 
were developed and transferred to TIDREC by research 
partners at the NMRC in Silver Spring, Maryland, USA.
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Patient and public involvement
It was not appropriate or possible to involve patients or 
the public in the design, or conduct, or reporting, or 
dissemination plans of our research.

Study population
The study population consists of Malaysian Hajj pilgrims 
selected by THM to perform the pilgrimage beginning 
from the 2016 Hajj pilgrimage season, aged from 18 years 
and above and are residing in the area of Greater Kuala 
Lumpur metropolitan area (ie, Kuala Lumpur, Putrajaya 
and Selangor) (figure 2). The eligibility criteria for the 
study participants are as follows:

Inclusion criteria
1. Attended the pre- Hajj health screening conducted by 

MOHM and THM.
2. ≥18 years of age and completed the informed consent.

Exclusion criteria
1. Participants who do not fulfil the criteria during the 

pre- Hajj health screening conducted by MOHM and 
THM.

Study sites
Enrolment of study participants and sampling of the pre- 
Hajj serum were conducted at six MOHM health facilities 

in the Greater Kuala Lumpur metropolitan area and, with 
few instances, were undertaken at selected THM branch 
offices. The post- Hajj follow- up and serum sampling were 
performed at the Arrival Lounge of the Kuala Lumpur 
International Airport (KLIA), following Hajj pilgrim 
disembarkment or during in- transit waiting. Figure 3 
shows the study locations for pre- Hajj enrolment and 
post- Hajj follow- up activities.

Sample size calculation
Calculated sample size (n=1000) was determined based on 
the assumption that 1.0% of returned pilgrims from the 
Hajj will demonstrate evidence of exposure to MERS- CoV 
(ie, positive seroconversion results). Hence, to have a 
95% probability of observing five seroconversions; 914 
individuals would need to be enrolled into each annual 
cohort which also includes, at most, 86 potential dropouts 
per year taking into consideration that investigators were 
unable to meet the individuals during the follow- ups at 
the airport.

Sample and data collection
Pre-Hajj enrolment
The pre- Hajj enrolments were carried out during routine 
health screenings of the prospective Malaysian Hajj 
pilgrims organised by MOHM and THM with at least 
five study personnel stationed at each selected study site. 
Bunting and advertising the study were placed to facili-
tate enrolment. When the prospective pilgrims arrived at 
any of the study sites, those who were interested to volun-
teer for the study were briefed on the study scope, objec-
tives and procedures involved. Written informed consent 
was obtained from all eligible study participants before 
any screening and enrolment procedures took place. 
A pre- Hajj questionnaire assessing study participants’ 
demographic data, general health information and 
travel history was administered. Then 5 mL of pre- Hajj 
blood sample (baseline sample) was obtained from each 
participant. Blood was collected into a serum- separating 
tube and labelled with a coded identification number. 

Figure 1 The schematic flow chart of the overall 
implementation of MERCURIAL. IRB, Institutional Review 
Board; MERS, Middle East respiratory syndrome.

Figure 2 Map of location of the greater Kuala Lumpur 
metropolitan areas marked by orange pin.

Figure 3 Map of locations of six pre- Hajj enrolment sites 
marked by orange dots and post- Hajj follow- up site at the 
Kuala Lumpur International Airport, marked by the blue dot. 
KL, Kuala Lumpur.
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A similar identifier was also recorded on the pre- Hajj 
questionnaire. Serum samples were handled according 
to standard biosafety measures and transported to the 
laboratory on the same day and stored at −20°C before 
analysis. Enrolled study participants were provided with 
a study sticker placed onto their Hajj pilgrim medical 
record booklet to facilitate participant’s identification 
during the follow- ups. The study participants were also 
briefed about the follow- up process that will take place on 
their arrival back from Hajj.

Post-Hajj follow-up
Details of the return flights of study participants were 
provided by THM. In order to limit lost to follow- up, 
a reminder memo was sent to every study participant 
just before they departed from KSA. On arrival at the 
KLIA Arrival Lounge, placards were displayed to assist 
study participants in the due process. With collabora-
tion between the KLIA Health Office and THM, a study 
follow- up station was set up at the KLIA Arrival Lounge, 
with at least ten study personnel on standby. Security 
clearance for each study personnel was obtained from the 
KLIA Security Office. Study personnel received seasonal 
influenza and hepatitis B vaccines and required to strictly 
adhere to all the biosafety practices (ie, use of proper 
personal protective equipment and following standard 
operating procedures) throughout the sampling activities.

Hajj pilgrims had to pass through a thermal scanner 
set up by the MOHM officers on arrival at the KLIA. 
Participants with body temperature of 38°C and above 
were directed to dedicated booths for further screening. 
Meanwhile, healthy study participants were directed to 
the designated study stations by the staff on duty. A post- 
pilgrimage questionnaire was administered to obtain data 
on any respiratory symptoms experienced throughout 
the Hajj pilgrimage. Additionally, information on visits to 
camel farms, and exposure to camels and untreated camel 
products were obtained. A second blood sample (5 mL 
of follow- up sample) was obtained in a serum- separating 
tube by a phlebotomist on- site. Serum samples were pack-
aged, labelled and transported in iceboxes to TIDREC on 
collection day and stored at −20°C until further analysis.

Laboratory analysis
Paired pre- pilgrimage and post- pilgrimage serum samples 
were tested for the presence of MERS- CoV- specific anti-
bodies using commercially available anti- MERS- CoV IgG 
rS1 ELISA kit (EUROIMMUN, Lübeck, Germany) by 
strictly following the manufacturer’s recommendations. 
The preliminary cut- off value was calculated as mean 
optical density (OD) +3 SDs from at least 1000 seroneg-
ative serum samples. Serum samples with OD above the 
cut- off values were recorded as seropositive. Seroconver-
sion, or less than fourfold increase in MERS- CoV- specific 
IgG titre in post- Hajj serum samples among the initially 
seronegative samples, was considered suggestive of a 
recent exposure to MERS- CoV infection.

An assay for detecting neutralising antibodies against 
MERS- CoV was performed on the seropositive serum 
samples using the confirmatory microneutralisation test 
developed in- house by NMRC. Briefly, serum samples 
were heat inactivated and serially diluted. Diluted serum 
samples were then mixed with live MERS- CoV virus prior 
to incubation with Vero cells. Following a 2- day incuba-
tion period, cells were fixed and analysed by quantitative 
ELISA. Viral neutralisation for the dilutions were consid-
ered when the OD values for the ELISAs are at least 50% 
of the OD values of the virus control. The microneutrali-
sation assay was entirely performed in the biosafety level 
3 containment facility at TIDREC.

Data analysis
All questionnaire data were coded, cleaned and trans-
ferred into the statistical SPSS software V.25 (IBM). Study 
population characteristics were analysed and summarised 
using descriptive statistics. Combined with serological 
data, putative risk factors were identified using univariate 
analysis. Statistical analyses were focused on MERS- CoV 
seroconversions and associations with relevant, available 
independent variables such as age, gender, comorbidities, 
healthcare visits and environmental exposures to camels 
and untreated camel products. Risk factors correlated 
with seroconversion were further investigated in a multi-
variable logistics analysis and adjusted for confounders.

CURRENT AND FUTURE DIRECTIONS
The emergence of three highly contagious and deadly 
human coronaviruses, namely, SARS- CoV, MERS- CoV and 
the most recent SARS- CoV-2 (COVID-19) pandemic over 
the past 20 years has sparked public health concerns and 
global economic crisis, although no cases of SARS- CoV 
reported for over a decade.25 However, there have been 
greater concerns of co- circulation of SARS- CoV-2 with 
MERS- CoV in the KSA given the potential spread beyond 
the Middle East following Hajj pilgrimage during the 
largest annual MG in the world.26 27

Importantly, previous attempts to detect MERS- CoV 
infection among returning Hajj pilgrims using RT- PCR 
in several countries have yet to report any confirmed 
cases.11–23 MERCURIAL was designed to offer an enhanced 
surveillance system by incorporating a serological assay to 
detect seroconversion among Hajj pilgrims. To achieve 
this, MERCURIAL leveraged the existing health screening 
infrastructure in Malaysia to collect pre- Hajj and post- Hajj 
serum samples from Hajj pilgrims along with detailed ques-
tionnaire data. Moreover, the serological assay has a clear 
advantage over RT- PCR in that the antibodies stay for longer 
periods following infection as compared with the pathogen 
and even if the viruses are mutated, the antigenic similarity 
is essentially retained, making it a better biomarker for 
surveillance.28 29 Moreover, MERS- CoV contains proteins S 
(including subunits S1 and S2) and N that are highly immu-
nogenic, which can provoke immune response, making it 
a good candidate for developing immunoassays to detect 
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virus- specific antibodies.30 The seroconversion surveillance 
approach such as MERCURIAL will further enhance our 
understanding and preparedness of emerging infections, 
as seroepidemiology data able to estimate the burden of 
the diseases, predict future outbreaks and identify high- risk 
groups as well as formulate vaccine policy and healthcare 
resources.31

However, there are limitations expected from this study 
that could be addressed in future research. The primary 
limitation is the timing of the post- Hajj blood sampling on 
pilgrim’s arrival from Hajj, which may fall within the viral 
incubation window period where antibody rise may not yet 
be detectable by serological tests. This is compounded by the 
Institutional Review Board (IRB) approval, which does not 
allow for a post- arrival follow- up of the participants. These 
limitations may result in an underestimation of the actual 
seroconversion rates. Ideally, future cohorts should consider 
allowing a week-4 follow- up post- Hajj, or through pilgrims’ 
self- reporting to the nearest public health clinics to provide 
better evidence for disease exposure. Additionally, the 
inability to follow up with the study participants while in the 
KSA during the Hajj season may lead to missing data points 
regarding the exact exposure time and the possible contrib-
uting factors. Hence, to minimise this, a post- pilgrimage 
questionnaire will be given, which consists of the collection 
of data on any respiratory symptoms experienced during 
the Hajj period. We anticipate new collaboration opportu-
nities with technology providers, particularly on the use of 
wearable temperature sensor wristbands for constant and 
real- time monitoring of body temperatures of participants 
throughout the pilgrimage in future cohorts to render more 
precise and comprehensive data collection.

Another potential limitation in the study is the study 
area that covered only Hajj pilgrims from the more urban-
ised Greater Kuala Lumpur metropolitan area where 
inhabitants are likely to be more educated. Therefore, 
these people may have lower risk than those from more 
rural states who are elderly, and are more likely to have 
underlying comorbidities. Future cohorts should include 
Hajj pilgrims from other parts of the country as well, if 
resources permit, in order to better represent the general 
Malaysian population.

Since its inception, the MERCURIAL Biological Samples 
and Data Repository comprises a collection of paired 
serum samples linked to corresponding questionnaire 
data from at least three different Malaysian Hajj pilgrims’ 
cohorts. The emergence of COVID-19 in late 2019 led to 
shutdown of most of the affected countries’ international 
borders, including the KSA and Malaysia, posing several 
interruptions in MERCURIAL due processes. At present, 
while the study team is anticipating the reopening of 
Mecca for Hajj pilgrims from outside the KSA, the possi-
bilities to expand MERCURIAL to include the serocon-
version surveillance for COVID-19 are being explored. 
The establishment of a long- term cohort study such as 
this could be a valuable tool in the surveillance and moni-
toring of the movement of any potential emerging patho-
gens in the future.

Ethics and dissemination
This study has obtained ethical approval from the Medical 
Research and Ethics Committee (MREC), Ministry of 
Health Malaysia, in compliance with all applicable federal 
regulations governing the protection of human subjects. 
This work was completed under HRPO.2017.0005 to 
NMRC- Asia. Findings from the study will be disseminated 
through conference presentations and publications in 
peer- reviewed journals. Results will also be disseminated 
through annual Malaysian Hajj Pilgrims Health Services 
Technical Committee Meeting organised by MOHM and 
THM.
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