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Abstract. – OBJECTIVE: Our objective was to 
find an association between exposure of a pop-
ulation to Middle East Respiratory Syndrome 
Coronavirus (MERS-CoV) and mortality rate due 
to Severe Acute Respiratory Syndrome Corona-
virus 2 (SARS-CoV-2) across different countries 
worldwide.

MATERIALS AND METHODS: To find the re-
lationship between exposure to MERS-CoV and 
mortality rate due to SARS-CoV-2, we collect-
ed and analyzed data of three possible factors 
that may have resulted in an exposure of a pop-
ulation to MERS-CoV: (1) the number of Middle 
East Respiratory Syndrome (MERS) cases re-
ported among 16 countries since 2012; (2) data 
of MERS-CoV seroprevalence in camels across 
23 countries, as working with camels increase 
risk of exposure to MERS-CoV; (3) data of travel 
history of people from 51 countries to Saudi Ara-
bia was collected on the assumption that trav-
el to a country where MERS is endemic, such 
as, Saudi Arabia, could also lead to exposure to 
MERS-CoV. 

RESULTS: We found a significantly lower num-
ber of Coronavirus disease 2019 (COVID-19) 
deaths per million (deaths/M) of a population in 
countries that are likely to be exposed to MERS-
CoV than otherwise (t-stat=3.686, p<0.01). In ad-
dition, the number of COVID-19 deaths/M of a 
population was significantly lower in countries 
that reported a higher seroprevalence of MERS-
CoV in camels than otherwise (t-stat=4.5077, 
p<0.01). Regression analysis showed that in-
creased travelling history to Saudi Arabia is like-
ly to be associated with a lower mortality rate 
due to COVID-19. 

CONCLUSIONS: This study provides empiri-
cal evidence that a population that was at an in-
creased risk of exposure to MERS-CoV had a 
significantly lower mortality rate due to SARS-
CoV-2, which might be due to cross-protective 
immunity against SARS-CoV-2 in that popula-
tion because of an earlier exposure to MERS-
CoV.
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Introduction

The recent pandemic of novel severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) 
that cause Coronavirus disease 2019 (COVID-19) 
has brought momentous devastation at socioeco-
nomic level worldwide. While we wait for the 
availability of vaccination, urgent and techni-
cally feasible measures are required to interrupt 
further transmission of the virus. Until now, a 
comparatively higher mortality rate has been ap-
parently noticed in the countries in the Western 
hemisphere than the Middle East countries. This 
could be attributed to the cross-protective immu-
nity provided by exposure to earlier strains of 
Middle East Respiratory Syndrome Coronavirus 
(MERS-CoV) in the Middle East. Cross-protec-
tive immunity can substantially reduce the sever-
ity of infection, limit the spread of disease during 
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epidemics and is an important factor for the 
development of vaccines against viral diseases1-4. 
However, no reports for cross-reactivity between 
MERS-CoV and SARS-CoV-2 exist until now.

Similar to Severe Acute Respiratory Syndrome 
Coronavirus (SARS-CoV) and MERS-CoV, the 
two viruses that previously caused Severe Acute 
Respiratory Syndrome (SARS) and Middle 
East Respiratory Syndrome (MERS) outbreaks, 
SARS-CoV-2 belongs to the Beta-Coronavirus 
genus5. The three coronaviruses mainly infect 
lower respiratory tract leading to compromised 
immune response and respiratory illness that 
varies from mild symptoms to fatal outcomes6. In 
2003, after the initial outbreak of SARS in China, 
the virus spread to 32 countries before it was con-
tained after 4 months6. MERS was first reported 
in Saudi Arabia in 20127, the disease spread over 
27 countries, and since then, this disease is en-
demic in Middle East, with the highest incidence 
being reported in Saudi Arabia, Qatar, Oman and 
United Arab Emirates (UAE)8.

COVID-19, MERS, and SARS are zoonotic 
diseases, and the primary mode of transmission 
include direct animal-to-human contact6. Animals 
are the main reservoirs of coronaviruses and the 
three mentioned human coronaviruses are be-
lieved to be originated from bats6. It is observed 
that intermediate host is involved in the transfer of 
these viruses from animal-to-human, such as civet 
cats in case of SARS-CoV and camels in case of 
MERS-CoV9. Sporadic transmission of MERS-
CoV from dromedary camels has been document-
ed in multiple studies, and people who work with 
camels are at an increased risk of contracting 
the disease10,11. Human-to-human transmission of 
MERS may occur via different routes, such as, 
through respiratory droplets6, direct contact with 
symptomatic MERS patients12, nosocomial trans-
mission11, contact with family members of infected 
people3, travel-associated spread of the virus13, 
and a few studies have also reported secondary 
transmission of MERS from camel products and 
asymptomatic MERS cases3,11. Healthcare-associ-
ated outbreaks of MERS have occurred repeatedly 
with the largest outbreaks being reported in Saudi 
Arabia, UAE and the Republic of Korea13 along 
with cluster of cases of human-to-human transmis-
sion reported in Jordan, Tunisia, Italy, England and 
France12. COVID-19, like other respiratory diseas-
es, can be transmitted through airborne spread or 
even asymptomatic cases14.

The coronaviruses infect respiratory cells by 
establishing virus-host interaction between re-

ceptor binding domain of coronaviruses and cell 
membrane receptors of host cells15. This inter-
action induces immune response, particularly 
the production of neutralizing antibodies (NAbs) 
(i.e., IgG and IgM) that are detectable within 19 
days after COVID-19 symptoms15. NAbs play 
vital role in the control of viral infections and 
also offers cross-protection against other viruses. 
SARS-CoV-2 shares 79% and 50% genome sim-
ilarity with SARS-CoV and MERS-CoV, respec-
tively16,17. Since these 3 viruses share the same 
genus, protective immune response against one 
virus may provide passive immunity against het-
erotypic coronaviruses of the same family4,18. It is 
possible that in regions where earlier outbreaks 
of MERS have occurred, seroprevalence of NAbs 
against MERS-CoV is comparatively higher 
among people in those regions than unexposed 
regions and might have offered population-based 
cross-protective immunity against other corona-
viruses, such as SARS-COV-2.

This is an observational study and our spe-
cific objective was to find an association be-
tween prevalence of MERS-CoV and mortali-
ty due to SARS-CoV-2. We hypothesized that 
an earlier exposure to MERS-CoV can illicit 
cross-reactive NAbs against SARS-CoV-2, and 
this phenomenon might explain the difference in 
COVID-19 mortality rate that is being observed 
across various countries globally. Furthermore, 
we hypothesized that repeated exposure of a 
population to areas where MERS is endemic and 
contact with animals, that are natural reservoirs 
of MERS-CoV, might explain the difference in 
COVID-19 mortality rate across various regions 
due to cross-protective immunity in a certain 
population.

Materials and Methods

The data for this cross-sectional observational 
study was collected from World Health Orga-
nization (WHO)19 and Worldometer website20. 
To find an association between mortality due 
to COVID-19 across different countries and an 
earlier exposure to MERS, we collected and an-
alyzed data of three possible factors that could 
increase the risk of an exposure of a population 
to MERS-CoV. 

Firstly, we collected data on mortality due 
to COVID-19 across 16 countries and divided 
them into two groups on the basis of number of 
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MERS cases reported since 2012. The first group 
included 10 countries that reported zero or negli-
gible MERS cases (less than 10 cases), i.e., UK, 
USA, China, Japan, Germany, Canada, France, 
Italy, Spain and Iran. The second group includ-
ed 6 countries that reported at least 10 MERS 
cases since 2012 i.e., Saudi Arabia, South Korea, 
Jordan, Oman, Qatar, and UAE. The data on the 
prevalence of MERS-CoV was collected from the 
Food and Agricultural Organization of the United 
Nations (FAOUN)8. 

Secondly, an important factor that may in-
crease the risk of exposure of a population to 
MERS-CoV is working with camels, as they are 
a natural reservoir of the virus and are an import-
ant source of community transmission of MERS-
CoV10. Therefore, in the second part of this study, 
we compared mortality due to COVID-19 across 
23 countries and divided them into two groups 
depending upon whether MERS-CoV is reported 
in camels or otherwise. For the data of seroprev-
alence of MERS-CoV in camels, we searched 
Google Scholar, PubMed, and Medline using key 
words “MERS in camels” and “MERS in drome-
dary”. We used the data of MERS-CoV seroprev-
alence in camels, as reported by Dighe et al21, for 
the comparison of mortality due to COVID-19 
across 23 countries. The complete list of these 
23 countries is provided in the Supplementary 
Material. 

Thirdly, travel to a country where MERS is 
endemic may also increase the risk of exposure 
of a population to MERS-CoV. MERS is endem-
ic in Saudi Arabia and according to FAOUN, 
2129 MERS cases are reported by February 17th, 
2020. Therefore, we collected and analyzed data 
of the number of people visiting Saudi Arabia 
from 51 countries for 5 years, i.e., 2014-218. The 
travel data was collected from the United Nations 
World Tourism Organization (UNWTO)22. The 
complete list of 51 countries is provided in the 
Supplementary Material.

Statistical Analysis
We mainly used two statistical methods to 

explore the relationship between the three above 
mentioned factors that may increase the risk 
of exposure of a population to MERS-CoV. 
Firstly, we used two-sample independent t-test 
for comparing the number of COVID-19 deaths 
per million (deaths/M) of a population in the 
two groups of countries, based on whether the 
number of reported MERS cases were at least 10 

or otherwise. The test checks the null hypothe-
sis that mortality rate will be the same in both 
groups against the assumption that mortality 
rate due to COVID-19 will differ across the two 
groups. As discussed above, it is anticipated 
that the mortality rate due to COVID-19 will be 
significantly lower in a group where MERS is 
prevalent.

Two-sample independent t-test was also used 
for comparison of the number of COVID-19 
deaths/M of a population in the two groups of 
countries, that were divided according to MERS-
CoV seroprevalence in camels. As indicated ear-
lier, it is expected that the mortality rate due to 
COVID-19 will not be the same between the 
two groups and is likely to be lower in the group 
where MERS-CoV is reported in camels than 
otherwise.

Lastly, we used multivariable ordinary least 
squares (OLS) regression to test our final as-
sumption that countries that have experienced 
increased travelling to Saudi Arabia are likely 
to report lower mortality rate due to COVID-19. 
We used the following regression equation (1):

Mortality_rate
i
 = a+b

1
Cases

i
+b

2
SArabia_travelling

i
+e

i
,

(equation 1)

Where, the subscript i denotes country, Mor-
tality_rate is the number of deaths/M of a pop-
ulation due to COVID-19 in a country, Cases is 
a control variable indicating the total number of 
COVID-19 cases/M of a population reported in a 
country and SArabia_travelling is the frequency 
of travelling to Saudi Arabia, e is an idiosyn-
cratic error term. We used log transformation 
for all variables. Following, we also used the 
Breusch-Pagan test to check homoscedasticity 
and the test failed to reject homoscedastic errors 
at p < 0.05. Statistical significance was set at p < 
0.05 and we used 2-tailed tests23. The data were 
analyzed using Stata/SE version 16.0 (StataCorp, 
College Station, TX, USA).

Results 

The number of reported COVID-19 cases in-
creased worldwide and the highest number of cas-
es were reported in Europe and North America 
till May 10th, 2020 (Figure 1). 

There was a statistically significant differ-
ence in the number of COVID-19 deaths/M of 

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Material-9873.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Material-9873.pdf
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a population in the two groups of countries that 
either reported greater or less than 10 MERS 
cases since 2012 [p = 0.0024, t-stat=3.686, 
(95% CI, 0.52%-2.73%)]. The t-test results 
showed that countries where MERS-CoV is 
prevalent have a statistically significantly 
lower number of COVID-19 deaths/M of a 
population (1.63) than COVID-19 deaths/M of 
a population (4.74) in the group of countries 
with no or negligible MERS cases. Figure 2 
compares the number of COVID-19 cases per 
million of a population and the number of 
COVID-19 deaths per million of a population 
with the number of MERS cases reported 
across a few countries.

There was also a statistically significant dif-
ference in the number of COVID-19 deaths/M 
of a population in the two groups of coun-
tries where MERS-CoV is reported in camels 
or otherwise [p=0.0002, t-stat=4.507, (95% CI, 
0.74%-2.13%)]. It can be seen from Figure 3 that 
MERS-CoV is prevalent in camels across the 
Middle East countries, with the highest MERS-
CoV seroprevalence percentage being reported 
in Qatar and Oman. As of May 17th, 2020, mor-
tality rate of COVID-19 was much lower in the 

Middle East countries (with high seroprevalence 
of MERS-CoV in camels) than USA and UK 
(Figure 4).

The relationship between travel history to 
Saudi Arabia across five regions globally (i.e. 
Europe, America, Africa, Asia and Pacific and 
South Asia) with respect to the Middle East and 
the number of COVID-19 deaths per million of 
a population reported across the five regions is 
shown in Figure 5. It can also be seen from Figure 
6 that the number of people visiting Saudi Arabia 
from Europe and America was comparatively 
lower than the Middle East, and the number of 
COVID-19 deaths/M of a population were mark-
edly higher in Europe and America than the 
other regions as reported by May 17th, 2020. The 
OLS regression estimates showed that there was 
a negative relationship between travel history 
to Saudi Arabia and the number of COVID-19 
deaths/M of a population (p<0.001, SE=0.066, 
t-stat = -3.83, [95% CI, -0.386 to -0.120, adjusted 
R-squared=0.7705). Also, the regression results 
of a control variable indicated that the mortality 
rate of COVID-19 is probable to increase as the 
total number of COVID-19 cases increase in a 
population.

Figure 1. The number of COVID-19 cases, reported by World Health Organization (WHO) until May 10th, 2020 across 
different regions globally.
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Discussion

Much is still unknown about the illness, re-
covery, and mortality associated with COVID-19. 
The Middle East has been the epicenter for the 
earlier epidemics of MERS. As observed in this 

study, mortality due to COVID-19 was much 
lower in the Middle East than Europe and USA; 
cross-protective immunity from previous endem-
ics of MERS-CoV might have offered a huge 
benefit. Similarly, MERS have been reported 
frequently in South Korea (186 MERS cases by 

Figure 2. Comparison of the number of COVID-19 cases per million of a population (cases/M) and the number of COVID-19 
deaths per million (deaths/M) of a population (until May 17th, 2020) with the number of MERS cases reported across a few 
countries until February, 2020. 

Figure 3. Comparison of the number of COVID-19 cases per million (cases/M) of a population with seroprevalence of MER-
CoV in camels across a few countries. 
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2018) and mortality rate of COVID-19 was much 
lower in South Korea than UK and USA, i.e., total 
number of COVID-19 cases/M of a population 
were 216 in South Korea, 4566 in USA and 3540 
in UK and total number of COVID-19 deaths/M 

of population were 5 in South Korea, 273 in USA 
and 508 in UK, as reported by May 17th, 2020. 
The mode of infection is remarkably similar 
among SARS-CoV-2, SARS-CoV and MERS-
CoV, i.e., after invading host cells, these viruses 

Figure 4. Comparison of the number of COVID-19 deaths per million (deaths/M) of a population with seroprevalence of 
MER-CoV in camels across a few countries.

Figure 5. Relationship between travel history to Saudi Arabia from five regions worldwide with respect to the Middle East, 
the number of COVID-19 cases per million (cases/M) of a population and the number of COVID-19 deaths/M of a population 
reported across the five regions (until May 17th, 2020). Travel/M of a population shows the total travel to Saudi Arabia across 
a region for five years (i.e., 2014-2018).
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interfere with antiviral type 1 interferons pro-
duction pathways through multiple mechanisms 
compromising the first line of defense against 
viruses, leading to viremia, increased neutrophils 
and macrophages at the site of infection, produc-
tion of proinflammatory cytokines, Th1/Th17 de-
pendent activation of the B cells and production 
of NAbs3,4,24.

Neutralizing antibodies can persist up to 34 
months and 24 months after MERS-CoV and 
SARS-CoV infections, respectively4,25, and may 
protect from reinfection or infection from a sim-
ilar strain of other coronaviruses, such as SARS-
CoV-2. Previous studies1,4,25 have demonstrated 
that NAbs against one virus may also provide 
cross-protection against viruses of the same ge-
nus. Seroprevalence of antibodies against human 
coronaviruses that cause common cold increases 
with age until adolescence26, and it has been ob-
served that prevalence of SARS-CoV-2 is much 
lower in children and it mainly affects older 
people27. This might be due to cross-reactivi-
ty between NAbs against human coronaviruses 
that cause common cold and SARS-CoV-2. Chan 
et al2 found that convalescent plasma from pa-

tients with SARS might contain cross-reactive 
antibodies against MERS. In a recent investi-
gation, Walls et al24 showed that antibodies re-
sponse against SARS-CoV potently cross-react 
and neutralize the effect of SARS-CoV-2. Our 
results suggest the possibility of cross-reactivity 
between NAbs against MERS-CoV and SARS-
CoV-2. Furthermore, the seroprevalence of NAbs 
depends on the severity of the infection, and mild 
asymptomatic infections are associated with low 
levels of NAbs25. These asymptomatic cases often 
go unrecognized and have the potential to trans-
mit the disease to other persons.

We also found that mortality due to COVID-19 
was much lower in countries with a high sero-
prevalence of MERS-CoV in camels. High se-
roprevalence of MERS-CoV have been reported 
in dromedary camels across Africa and the Mid-
dle East21,28. MERS-CoV is capable of transmis-
sion from camels-to-humans and humans-to-hu-
mansm10,11. This community transfer of MERS-
CoV is repeatedly reported in Saudi Arabia and 
close contact with camels is considered as a risk 
factor for contracting the disease10. For example, 
Azhar et al10 demonstrated high seroprevalence 

Figure 6. Relationship between death rate due to COVID-19 across six regions worldwide and travel history to Saudi Arabia. 
Travel per million (travel/M) of a population represents total travel to Saudi Arabia from a region for five years (i.e., 2014-
2018).
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of MERS-CoV among people who were in close 
contact with camels than general population of 
Saudi Arabia. Moreover, these camel workers 
may or may not develop symptoms of the disease 
but can transmit the disease to high risk suscep-
tible people with comorbidities in which MERS 
can be fatal. It is interesting to note that although 
the number of COVID-19 cases/M of a popula-
tion, as reported by May 17th, 2020, were mark-
edly higher in Qatar than UK and USA (Figure 
3), but COVID-19 deaths/M of a population were 
markedly lower in Qatar than UK and USA, i.e., 
deaths/M of a population was 5 in Qatar vs. 273 
and 508 in USA and UK respectively (Figure 4). 
The highest MERS-CoV seroprevalence in cam-
els was reported in Qatar. This significant dif-
ference in mortality due to COVID-19 might be 
due to community transfer of MERS-CoV from 
camels-to-humans and persistence of cross-reac-
tive NAbs against SARS-CoV-2 among people of 
Qatari, leading to a comparatively lower mortali-
ty rate of COVID-19 in Qatar.

The transmission of COVID-19 seems to be 
highly associated with the travel-related spread 
of the virus. Basic reproductive number (which 
is a measure of transmissibility of viral diseas-
es) of COVID-19 is 2.25 and travel associated 
spread of the virus led to the global pandemic. 
The reproductive number of MERS-CoV can be 
as high as 8.1 (as reported in South Korea) than 
0.45 (as reported in Saudi Arabia)11. In 2015, a 
single person infected with MERS-CoV travelled 
to South Korea from the Middle East and led to 
MERS outbreak in South Korea11. By April 29th, 
2020, Europe and America were hard hit by the 
disease and the mortality rate due to COVID-19 
in these two regions was remarkably higher than 
the Middle East. We found that among 51 coun-
tries, the number of people visiting Saudi Arabia 
from the Middle East was comparatively higher 
than Europe and USA, and there was a significant 
difference in the number of deaths/M of a popula-
tion and travel history to Saudi Arabia. Frequent 
travel to Saudi Arabia may have an increased 
risk of contracting MERS among people of the 
Middle East, leading to a high seroprevalence of 
NAbs against MERS-CoV, and population-based 
cross-protective immunity against SARS-CoV-2 
may have led to lower mortality rate due to 
COVID-19 in the Middle East countries.

There is a lack of data on the seroprevalence of 
MERS-CoV in countries other than Saudi Arabia. 
Although, high seroprevalence of MERS-CoV in 
camels is reported in a number of countries, such 

as Pakistan and Kenya21, camels-to-human trans-
fer of MERS-CoV is reported mainly in Saudi 
Arabia only. This might be due to phylogenetic 
variations that exist between different strains of 
MERS-CoV28,29. It is possible that one particular 
strain is more transmittable and virulent than oth-
er strain of MERS-CoV. Chu et al28 compared the 
virulence of MERS-CoV isolated from camels of 
Africa and Arabian Peninsula, and they demon-
strated that MERS-CoV isolated from camels in 
Africa had lower virus replication potential in hu-
man lung cell cultures than MERS-CoV isolated 
from camels in Arabian Peninsula. The genetic 
mutations are frequently observed in coronavi-
ruses28,29. For example, SARS-like strain was 
detected in civets in China with limited patho-
genicity and transmission potential in humans30; 
however, a few changes in amino acid sequence 
in the SARS-CoV spike protein enabled the virus 
to cause deadly SARS disease among humans29. 
Furthermore, MERS is likely to be overlooked 
in developing countries across Africa and Asia 
due to lack of awareness about the disease, lim-
ited healthcare facilities than Saudi Arabia, lack 
of surveillance and seroepidemiological studies 
involving population pool, and lack of research 
resources in developing countries.

This research has some limitations. We did 
not include the number of people tested for 
COVID-19 across different countries and it may 
have influence results. Other factors that may 
have influenced the spread of SARS-CoV-2 in-
clude temperature variation across countries, 
mean age of population in countries, healthcare 
infrastructure, influence of extent of lockdown 
and social distancing measures that were being 
implemented by governing bodies. Furthermore, 
it is an observational study and future cohort 
seroepidemiological studies for the detection 
of NAbs are required to confirm the role of 
cross-protective immunity in a population.

Conclusions

We compared the mortality rate of COVID-19 
between countries that are likely to be exposed 
to MERS-CoV and those that are unexposed or 
with very negligible exposure to MERS-CoV. We 
found that the mortality rate due to SARS-CoV-2 
was statistically significantly less across coun-
tries where people are at an increased risk of ex-
posure to MERS-CoV than otherwise. The three 
factors (i.e., number of MERS cases, MERS-CoV 
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seroprevalence in camels and travel to Saudi 
Arabia) that were assumed to increase the risk of 
exposure of a population to MERS-CoV were as-
sociated with lower mortality rate due to SARS-
CoV-2. Our study indicates an important factor 
that might explain disparities in the COVID-19 
mortality rate that are being observed across dif-
ferent countries globally. For example, we found 
that despite having a high number of COVID-19 
cases/M of a population, the mortality rate due 
to SARS-CoV-2 was much lower in the coun-
tries where high seroprevalence of MERS-CoV 
was reported in camels than otherwise, such as 
Qatar. This might be due to community transfer 
of MERS-CoV from camels-to-humans, and it is 
possible that high seroprevalence of NAbs against 
MERS-CoV exists among Qatari population, and 
these NAbs might have offered population-based 
cross-protective immunity against other corona-
viruses, such as SARS-CoV-2, leading to com-
paratively lower mortality due to COVID-19 in 
Qatar. These results strongly suggest the possibil-
ity of cross-reactivity between MERS-CoV neu-
tralizing antibodies and SARS-CoV-2. Our study 
highlights the importance of serological cohort 
studies to stratify a population that is immune 
and is less likely to be infected by SARS-CoV-2. 
This study strongly supports the growing body of 
research that emphasizes the role of serological 
response in diagnosis, treatment and prevention 
of COVID-19. Future population-based seroepi-
demiological studies are required to confirm our 
findings.
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