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Purpose: This study describes the epidemiology of Middle East respiratory syndrome
coronavirus (MERS-CoV) in Saudi Arabia.

Patients and methods: Epidemiological analysis was performed on data from all MERS-
CoV cases recorded by the Saudi Ministry of Health between June 6, 2013 and May 14, 2014.
The frequency of cases and deaths was calculated and adjusted by month, sex, age group, and
region. The average monthly temperature and humidity of infected regions throughout the year
was also calculated.

Results: A total of 425 cases were recorded over the study period. The highest number of
cases and deaths occurred between April and May 2014. Disease occurrence among men
(260 cases [62%]) was higher than in women (162 cases [38%]), and the case fatality rate
was higher for men (52%) than for women (23%). In addition, those in the 45-59 years
and =60 years age groups were most likely to be infected, and the case fatality rate for these
people was higher than for other groups. The highest number of cases and deaths were reported
in Riyadh (169 cases; 43 deaths), followed by Jeddah (156 cases; 36 deaths) and the Eastern
Region (24 cases; 22 deaths). The highest case fatality rate was in the Eastern Region (92%),
followed by Medinah (36%) and Najran (33%). MERS-CoV infection actively causes disease
in environments with low relative humidity (<20%) and high temperature (15°C-35°C).
Conclusion: MERS-CoV is considered an epidemic in Saudi Arabia. The frequency of cases
and deaths is higher among men than women, and those above 45 years of age are most affected.
Low relative humidity and high temperature can enhance the spread of this disease in the entire
population. Further analytical studies are required to determine the source and mode of infection
in Saudi Arabia.

Keywords: Middle East respiratory syndrome, case fatality rate, descriptive epidemiology,
temperature, humidity

Introduction

Middle East respiratory syndrome coronavirus (MERS-CoV) is considered to be a
new viral epidemic, and the infection is associated with acute respiratory illness and
renal failure.'? In September 2012, this coronavirus was discovered and isolated from
an infected patient living in Saudi Arabia.! The geographic distribution of cases has
been mainly confined to six countries in the Arabian Peninsula (Saudi Arabia, United
Arab Emirates, Qatar, Kuwait, Jordan, and Oman). However, in some countries in
Europe and Africa, instances of the disease have been detected in imported cases from
endemic countries.’
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MERS-CoV has a very high mortality rate, and the primary objective of defining the burden of this disease
complications arising from infection can result in severe  in Saudi Arabia. Currently, there are limited data in these
respiratory and renal failure.* The mode of transmission  reports, although each contains the number of cases diag-
and the source of MERS-CoV infection (ie, whether it is a  nosed, the number of deaths confirmed, the sex of the patients,
zoonotic or human disease) is unclear.* Recent research has  and the region inhabited by the infected person.

shown that dromedaries may act as viral reservoirs, and anti- Data were analyzed using IBM SPSS for Windows, Version
bodies against MERS-CoV have been found in dromedaries  20.0 (IBM Corp, Armonk, NY, USA). The frequency of cases of
living in both the African and Arabian peninsulas.>¢ MERS-CoV infection and percentage of resulting deaths were

Despite limited data on MERS-CoV in Saudi Arabia, we  calculated and categorized by date of diagnosis, sex, age group,
have attempted to explore the epidemiological distribution  and region. In addition, the case fatality rate (a measure of the
of and describe the pattern of infection of this disease by  severity of epidemic disease) was calculated and categorized by
conducting a study of the reports of MERS-CoV published = month, sex, age group, and region. The average relative humid-

daily by the Saudi Ministry of Health.” ity and temperature of the regions with the highest incidence
of MERS-CoV in Saudi Arabia were calculated, to study the
Materials and methods geographical and temporal characteristics of this disease.

An epidemiological study of all MERS-CoV cases recorded

by the Saudi Ministry of Health between June 6, 2013 and Results

May 14, 2014 was performed. As data are limited regarding A total of 425 MERS-CoV cases were recorded by the

MERS-CoV available from the Saudi Ministry of Health  Saudi Ministry of Health between June 6, 2013 and May 14,

website, we concentrated on disease distribution by date of  2014. The frequency of cases and deaths was inconsistent

confirmed diagnosis, sex, age group, and region. from June until December 2013, and slight increases in
Since May 2013, the Saudi Ministry of Health has the rate were observed in June and September (17 cases;

published a daily report on MERS-CoV infections, with 11 deaths) (Figure 1A). In 2014, there was a low number of
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Figure | Distribution off MERS-CoV cases and deaths by date of diagnosis and sex in Saudi Arabia.

Notes: (A) The frequency of MERS-CoV cases and deaths in Saudi Arabia, from June to December 2013. (B) The frequency of MERS-CoV cases and deaths in Saudi Arabia,
from January to middle of May 2014. (C) The frequency of MERS-CoV cases and deaths, adjusted by sex, in Saudi Arabia, from June 2013 to May 2014. (D) The case fatality
rate of MERS-CoV disease, adjusted by sex, in Saudi Arabia.

Abbreviation: MERS-CoV, Middle East respiratory syndrome coronavirus.
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cases and deaths in January, February, and March, but at the
beginning of April, there was a sharp increase, to 190 cases
and 45 deaths (Figure 1B); the corresponding case fatality
rate was 24% and 25% in April and May 2014, respectively
(Table 1).

Figure 1C shows the number of MERS-CoV cases and
deaths, categorized by sex. There were 260 cases (62%)
among the male population and 162 cases (38%) among the
female population. Furthermore, the number of deaths was
higher among men (89 deaths [74%]) than among women
(31 deaths [26%]), and the case fatality rate was higher among
men (52%) than women (23%) (Figure 1D).

The frequency of cases and deaths was further adjusted by
age group. The defined age groups reported were 0—14, 15-29,
30-44,45-59, and =60 years. Those in the =60 years age group
were most frequently diagnosed with MERS-CoV infection,
followed by those aged 4559 years (Figure 2A). In addition,
the highest case fatality rate was recorded in the 45-59 years
age group (55%), followed by those aged =60 years (45%).
The lowest case fatality rate occurred in the 3044 years age
group (8%) (Table 2 and Figure 2B).

The frequency of MERS-CoV cases and deaths, adjusted
by the region of Saudi Arabia, is presented in Figure 2C.
The highest number of cases and deaths occurred in Riyadh
(169 cases; 43 deaths), followed by Jeddah (156 cases;
36 deaths) and the Eastern Region (24 cases; 22 deaths).
However, the highest case fatality rate was recorded in the
Eastern Region (92%), followed by Medinah (36%) and
Najran (33%) (Table 3 and Figure 2D).

The average monthly temperature and relative humidity
were calculated for the regions with the highest incidence
of MERS-CoV infection, and this provided significant

information about the temporal and environmental
characteristics of this disease. Figure 3A shows that in
Riyadh, the average temperature ranged from 15°C-37°C
in April and May 2014, the period with the highest rate of
cases and deaths. In contrast, the lowest average relative
humidity values (between 8%—20%) occurred at this time
(Figure 3A and B). Similarly, in Jeddah, the average tem-
perature ranged from 20°C-37°C in April and May 2014,
and the average relative humidity was the lowest recoded for
the year, at 30%—-35% (Figure 3C and D).

The average monthly temperature and relative humidity
were also calculated for the Eastern Region, to identify the
environmental characteristics that contribute most to the
spread of this disease among the population of Saudi Arabia.
The average temperature in the Eastern Region ranged from
17°C-37°C in April and May 2014, and the lowest average
relative humidity for the year (18%—30%) was recorded
at this time (Figure 4A and B). Similarly, in Medinah, the
average temperature was between 17°C—38°C in April and
May 2014, and the average relative humidity was between
8%—-20%, which was also the lowest value recorded for the
year (Figure 4C and D).

Discussion
MERS-CoV is a recent fatal epidemic that has drawn global
attention. Our current study focuses on the epidemiological
pattern of MERS-CoV infection in Saudi Arabia between
June 6, 2013 and May 14, 2014. To the best of our knowledge,
this is the first study that describes the patterns and trends of
MERS-CoV infection in Saudi Arabia.

Unfortunately, there are no data available for MERS-
CoV incidence between January and May 2013. Our results

Table | Case fatality rate in Saudi Arabia adjusted by date of diagnosis

Month Number of cases Number of deaths Case fatality rate X100

Male Female Total Male Female Total Number of deaths/ %

total number of cases

June 2013 12 5 17 8 3 I 11717 64
July 5 7 12 5 0 5 5/12 41
August 4 3 7 2 0 2 2/7 29
September 7 10 17 5 3 8 8/17 47
October 7 3 10 2 | 3 3/10 30
November 4 | 5 | 2 3 3/5 60
December 7 | Il 2 0 2 2/11 18
January 2014 2 0 2 2 0 2 2/2 100
February 4 | 5 2 0 2 2/5 40
March 13 2 15 3 0 3 3/15 20
April 131 59 190 35 10 45 45/190 24
May 64 70 134 22 12 34 34/134 25
Total 260 162 425 89 31 120 120/425 28
% 62% 38% 100% 74% 26% 100%
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Figure 2 Distribution off MERS-CoV cases and deaths by age group and region in Saudi Arabia.
Notes: (A) The frequency of MERS-CoV cases and deaths, adjusted by age group, in Saudi Arabia. (B) The case fatality rate of MERS-CoV disease, adjusted by age group,
in Saudi Arabia. (C) The frequency of MERS-CoV cases and deaths, adjusted by region, in Saudi Arabia. (D) The case fatality rate of MERS-CoV disease, adjusted by region,

in Saudi Arabia.
Abbreviation: MERS-CoV, Middle East respiratory syndrome coronavirus.

indicate that the number of MERS-CoV cases and deaths
remained inconsistent from the beginning of June to the
end of December 2013 and that MERS-CoV incidence
peaked twice, in June and September 2013. MERS-CoV
incidence was very low in the months of January, Febru-
ary, and March 2014; however, incidence was observed and
then peaked at the end of April. Therefore, we expected that
MERS-CoV incidence would continue to increase until the
end of June 2014. Saudi Arabia is in the Northern hemisphere,
where the incidence of influenza is highest in winter, peaking

Table 2 Case fatality rate in Saudi Arabia adjusted by age group

between December and March.® However, the highest rates of
MERS-CoV cases and deaths were not observed in Winter,
but in mid-Spring, between April and May.

In this study, we observed a higher rate of MERS-CoV
incidence and deaths in men than in women. A recent study
suggests that there is also a higher incidence of influenza in
men than in women, which is due to a higher level of tes-
tosterone and a corresponding suppression of their immune
response.’ Thus, a similar relationship may exist with MERS-
CoV, and consequently, men with a lower level of testosterone

Age group, Number of cases Number of deaths Case fatality rate x100

years Male Female Total Male Female Total Number of deaths/ %
total number of cases

0-14 I 2 13 2 0 2 2/11 18

15-29 30 34 64 9 | 10 10/54 18.5

3044 62 44 106 7 | 8 8/98 8

45-59 68 39 107 28 10 38 38/69 55

=60 89 46 135 43 19 42 42/93 45

Total 260 165 425 89 31 120 120/305 39

Notes: Case fatality rate for males: 89/171 x100=52%; case fatality rate for females: 31/134 x100=23%.
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Table 3 Case fatality rate in Saudi Arabia adjusted by region

Region Number of cases Number of deaths Case fatality rate

Male Female Total Male Female Total Number of deaths/ %

total number of cases

Eastern Region 14 10 24 15 7 22 22/24 92
Riyadh 91 78 169 32 I 43 43/169 25
Jeddah 105 51 156 27 9 36 36/156 23
Makkah 12 13 25 4 2 6 6/25 24
Medinah 17 5 22 6 2 8 8/22 36
Jouf | | 2 0 0 0 2/2 0
Taif 4 | 5 | 0 | 1/5 20
Asir 5 2 7 | 0 | 117 14
Najran 3 0 3 | 0 | 171 33
Tabuk 7 4 I | 0 | 1711 9
Northern Region | 0 | 0 0 0 1/0 0
Total 260 162 425 89 31 120 120/425 28

may have improved immunity to viral infection.” Another
possible explanation for a higher incidence of MERS-CoV
among men is that men are likely to spend more time out-
doors and thus have a higher risk of exposure to a source of
infection.

Our findings indicate that those in the age groups of
45-59 years and =60 years had the highest rate of MERS-CoV
cases and related deaths. It has been documented that people
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over 65 years of age and younger people with chronic diseases
are at a greater risk of complications resulting from influenza
or viral infections than are healthy adults. This indicates that
older and unhealthy younger people are more likely to become
infected with MERS-CoV, owing to a weak immune system,
and infection is more likely to be fatal in these groups.'®
Our study also reports that the region of Riyadh had
the highest rate of MERS-CoV infections and deaths in
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Figure 3 The impact of temperature and relative humidity on MERS-CoV cases in different regions of Saudi Arabia.
Notes: (A) Low and high average monthly temperature in Riyadh. (B) Low and high average monthly relative humidity in Riyadh. (C) Low and high average monthly

temperature in Jeddah. (D) Low and high average monthly relative humidity in Jeddah.

Abbreviation: MERS-CoV, Middle East respiratory syndrome coronavirus.
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Figure 4 The impact of temperature and relative humidity on MERS-CoV cases in different regions of Saudi Arabia.
Notes: (A) Low and high average monthly temperature in Eastern Region. (B) Low and high average monthly relative humidity in Eastern Region. (C) Low and high average
monthly temperature in Medinah. (D) Low and high average monthly relative humidity in Medinah.

Abbreviation: MERS-CoV, Middle East respiratory syndrome coronavirus.

Saudi Arabia, followed by Jeddah and the Eastern Region.
However, despite the high number of cases and deaths in
Riyadh and Jeddah, the case fatality rate was highest in the
Eastern Region, and for this reason, MERS-CoV was first
discovered here. In Jeddah and Mecca, there is concern about
the increase of MERS-CoV cases because hundreds of thou-
sands of people frequently travel to Saudi Arabia to perform
Umrah and Hajj. Although no Hajj-associated MERS-CoV
cases have been reported, Umrah-associated cases have.''!?
Therefore, the World Health Organization suggests that
governments should provide advice on the risk of infection
to pilgrims with major medical problems, such as chronic
diseases. In addition, general travel health information should
be provided, including advice on food safety practices, good
personal hygiene, and avoiding unnecessary farm visits and
contact with animals.'*

We have observed that MERS-CoV incidence rates are
higher in environments with low relative humidity (<20%)
and high temperatures (20°C—-35°C). Therefore, increasing
relative humidity to above 35% and maintaining tempera-
tures ranging 5°C—15°C in hospitals and indoor places may
decrease the spread of this disease. However, it has been

observed that higher relative humidity levels above 43% may
decrease the activity of influenza virus particles to 14%, while
a relative humidity of 23% or less may increase the activity
of influenza virus particles from 70%—77%."> The source
of infection should also be investigated and identified with
epidemiological surveillance, either passively or actively, in
order to control MERS-CoV in Saudi Arabia.

Conclusion

Epidemiological analysis of the daily reports of MERS-CoV
incidence by the Saudi Ministry of Health, between June 6,
2013 and May 14, 2014, revealed that the recent epidemic
of MERS-CoV has a high fatality rates and may spread
from person to person. The rates of MERS-CoV cases and
deaths are higher in men than in women, and those in the age
groups of 45-59 and =60 years had the highest case fatality
rate. Furthermore, Riyadh, Jeddah, and the Eastern Region
had the highest number of cases and related deaths in Saudi
Arabia. MERS-CoV is most active in environments with low
relative humidity and high temperatures. However, further
epidemiological studies are required to determine the source
and the mode of MERS-CoV infection in Saudi Arabia.
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