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Reduction of MERS-CoV Transmission among 
Healthcare Workers and Patients in Saudi 
Arabian Healthcare  Settings:  A  Scoping 

Review (Thesis) 
Salem Al Ammi, Bandr Mzahim, Hisham Alomari, Bandar Almutairi, and Abdulrahman Alzahrani 

 
 
 

Abstract— Background: No review consolidating 
available evidence of the various interventions for 
preventing MERS-CoV transmission in healthcare 
settings has been published to inform practice. The 
MERS-CoV outbreak in Saudi Arabia led to wide-
scale hospitalisations and, among  other  individuals at 
risk, healthcare  workers  (HCW)  were  one  of  the 
most affected groups. This study evaluates the 
effectiveness of various interventions  implemented  to 
prevent MERS-CoV transmission to HCW and 
MERS-negative patients in Saudi Arabian healthcare 
settings. 

Methods: This review summarises and evaluates the 
effectiveness of MERS-CoV infection prevention and 
control (IPC) measures in Saudi Arabian hospital set- 
tings. Instead of using ‘best quality/evidence’ studies, 
the review has included as many relevant studies as 
possible. 

Results: Various IPC measures were deemed effec- 
tive. However, since no analysis of their effectiveness 
had been undertaken, it was not possible to determine 
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the interventions’ level of  effectiveness  as  applied  in 
hospital settings. The  studies  appeared  to  rely  on 
the assumption that the extent of MERS-CoV 
transmission control observed was a direct reflection 
of the implemented IPC measures. 

Conclusions: Robust studies, using empirical meth- 
ods, should be conducted to measure the effectiveness 
of the various IPC measures developed and imple-  
mented to control MERS-CoV transmission. 

Index Terms—MERS-CoV outbreak, personal,
respiratoryacutesevereequipment,protective

infection 
 

I. INTRODUCTION 

Throughout the world, viral infections are spread- 
ing faster and becoming less controllable [1], and 
healthcare systems must be prepared to address 
unexpected emergencies during infectious disease 
outbreaks. This review explores  the  effectiveness of 
the MERS-CoV infection prevention and control 
(IPC) interventions implemented in Saudi Arabian 
hospitals. 

The Middle East respiratory syndrome (MERS),  a 
viral respiratory infection caused by a coronavirus 
(MERS-CoV), was first diagnosed in Saudi Arabia in 
2012 [2-4]. Although asymptomatic carriage has 
been observed, MERS-CoV  infection  can  result  in 
potentially fatal acute respiratory disease [2]. MERS-
CoV is closely related to SARS-CoV (severe acute 
respiratory syndrome coronavirus), and the infection 
may be associated with acute hypoxaemic respiratory 
failure and multi-organ failure requiring Intensive 
Care Unit (ICU) admission [5]. 

The World Health Organization (WHO) estimated 
that, as of September 27, 2016, there were 1,806 
MERS-CoV cases, including 643 deaths related to 
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the disease [5]. Saudi Arabia accounted for ap- 
proximately 80% of the MERS cases [3]; of those, 
approximately 45% infections occurred in hospitals 
or other healthcare facilities [5,6]. A possible cause 
of this high infection rate was unprotected care of 
MERS-CoV patients and a general failure of the 
healthcare system to implement control measures 
[7]. 

MERS-CoV is transmitted through respiratory 
droplets and mostly in nosocomial settings;  as such, 
healthcare workers (HCW) in contact with MERS-
positive patients are at high risk of infection [8]; 
other individuals at risk include patients without 
MERS who are hospitalised in wards treating 
MERS-CoV-infected patients. For instance, during 
the 2013 Al Hasa outbreak in Saudi Arabia, seven 
patients in the ICU and dialysis units were infected 
by one MERS-CoV-infected patient who  shared  the 
facility with them. Poor ventilation and over- 
crowding of the emergency department (ED) were 
also cited among the  major  factors  contributing  to 
healthcare-associated transmission and outbreaks 
[1,9-11]. 

Efforts to understand the aetiology of  MERS  and 
to map its transmission continue.  Data  from the 
MERS-CoV outbreaks highlighted the need to 
evaluate current infection control standards and 
practices and compliance with infection control 
standards in Saudi hospital settings. These standards 
included basic practices, such as personal protective 
equipment (PPE) and hand hygiene, as well as other 
interventions that address triage, flow, placement 
[12], and handling of patients within healthcare 
facilities. Other prevention measures include HCW 
training, patient isolation, patient/clinical triage, 
contact tracing, surveillance/monitoring of suspected 
MERS cases, visitor restrictions, suspension of 
elective surgeries, distribution of IPC guidelines, use 
of an Infectious Disease Epidemic Plan (IDEP), 
establishment of a control centre, ED closure, 
equipment and environmental cleanliness, having an 
ED contingency plan, and rapid response team visits. 

Infection control guidelines designed to prevent the 
transmission of MERS-CoV were in place; how- 
ever, they were developed mostly based on the expe- 
rience of controlling a similar virus, namely severe 
acute respiratory syndrome coronavirus (SARS- 

CoV) [13]. 
The present review is particularly important as we 

did not find any study undertaken to provide health- 
care professionals and health service managers with 
an overview of measures implemented to control 
MERS-CoV in Saudi Arabia’s healthcare facilities. 
Therefore, this scoping review aims to summarise 
the available evidence regarding the effectiveness of 
measures to prevent MERS-CoV transmission in 
Saudi Arabian hospital settings. The review adheres 
to the methodological framework for conducting 
scoping reviews, according to Arksey and O’Malley 
(2005), which consists of five stages: 1) identifying 
the research question, 2) finding related studies, 
3) study selection, 4) charting the data, and 5) 
collecting, making summaries, and reporting results 
[14]. 

 
A. Research Question 

What measures have been identified in the scien- 
tific literature that effectively reduce the transmis- 
sion of MERS-CoV to HCW and MERS-negative 
patients in Saudi Arabian healthcare settings? 

 
B. Research Objective 

The aim of this study was to summarise and eval- 
uate available data on the effectiveness of MERS- 
CoV IPC measures in Saudi Arabian hospital set- 
tings. 

 
C. Definition of Key Terms 

To better understand the research question  and the 
parameters of this review, it is important to define 
and clarify some of the terms used in the research 
question. ‘Healthcare workers’, as used in the 
research question, is a broad term referring to all 
those working in healthcare settings. However, for 
the purpose of this review, the term will be used to 
refer to those directly in contact with and involved in 
providing healthcare to MERS-CoV patients in 
healthcare settings, including nurses, doctors, those 
involved in specimen sampling from patients for 
laboratory testing, and those otherwise involved in 
patient management. The term ‘patients’, as used   in 
the research question, refers to MERS-negative 
patients who are hospitalised alongside MERS- 
positive patients and share the same healthcare 
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• 

facility and services. Lastly, the term ‘healthcare 
settings’ refers to hospitals to which MERS-CoV 
patients have been admitted. 

 
II. METHODS 

This section describes the literature search to 
identify empirical studies relevant to answering the 
research question. There is no definitive way to un- 
dertake a scoping study, although its main purpose is 
to identify existing literature rather than address the 
quality of individual studies [15]. As such, this 
review sought to be as comprehensive as possible. 
Indeed, Arksey and O’Malley (2005) observed that 
the scoping field’s purpose is to identify studies and 
reviews relevant to answering the research question 
comprehensively [14]. 

 
A. Identifying Relevant Studies 

Relevant study identification begins with the 
search for studies through different sources, in- 
cluding electronic databases, relevant organisations, 
manual searching in key journals, and reference lists 
[14]. For the present scoping review, relevant study 
identification was limited to searching electronic 
databases, websites of relevant organisations, and the 
reference lists of relevant research articles. 

1) Electronic Search: The specific electronic 
journal databases searched included PubMed, 
BioMed Central, ScienceDirect, Sage, and Taylor  & 
Francis Online. For this scoping review, research 
studies undertaken in the last five years (2017- 2021) 
were considered for inclusion because the first 
MERS case was identified in Saudi Arabia in 2012 
[16]. Studies not written in English were not 
considered for inclusion because of the time and cost 
of translation. Organisations whose websites were 
searched included Centers for Disease Control and 
Prevention (CDC), World Health Organization 
(WHO), and Saudi Arabia’s Ministry of Health.  The 
following key terms and search terms (and any 
relevant alternative terms) were used in isolation 
and/or in combination to perform the electronic 
search and identify relevant studies; the search terms 
were developed from the research question. 

Key Terms and Search Terms: 
• MERS-CoV 
• MERS-CoV transmission prevention 

MERS- Saudi ArabiaCoV
Healthcare workers/patients 
Infectious Disease Epidemic Plan 
MERS-CoV infection control measures
Patient isolation 
Hand hygiene 
Personal protective equipment 
Infection prevention and control 
Saudi Arabia 
Outbreak 
Response/management 
Severe acute respiratory infection 
Middle East respiratory syndrome 
Critical care 
Disease outbreak 
Disaster planning 

The search strategy was developed to maximise 
the number of relevant studies obtained for inclu- 
sion, while minimising the number of irrelevant 
studies. Appendix 1 describes the search process, 
including the search terms used, the total number   of 
articles produced by the search, and the number of 
relevant studies retrieved. 

2) Reference Checking: Apart from searching 
electronic databases and websites of key organi- 
sations, reference lists of relevant studies obtained 
from the electronic search were checked for related 
studies to be included in the review. This was im- 
portant to limit the risk of omitting relevant studies, 
thereby ensuring that the literature search was as 
comprehensive as possible. This process led to the 
generation of additional data sources. 

 
B. Outcome Measures 

The outcome measures for this review included 
prevention of transmission, control of transmission, 
or reduction of transmission of MERS-CoV in hos- 
pital settings (as a result of implemented IPC mea- 
sures); these were critical to determining whether 
specific infection control measures implemented in 
each hospital setting were effective in preventing or 
reducing MERS-CoV transmission. 

 
C. Study Selection 

The search strategy produced a large number of 
irrelevant studies. The inclusion/exclusion criteria, 
outlined below, enabled the researcher to exclude a 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
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• 

• 

• 
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vast number of irrelevant studies. All studies meet- 
ing the below-listed inclusion criteria were included 
in the review, regardless of methodology. 

1) Inclusion   and Exclusion  Criteria: The 
inclusion/exclusion criteria for this study were de- 
veloped ad hoc to facilitate the identification of 
studies to include in the  review  [17].  Generally, the 
criteria for inclusion were studies carried out in 
healthcare/hospital settings, studies that addressed 
MERS-CoV transmission, and studies addressing 
MERS-CoV transmission control. 

Although the main focus of this review was the 
control of transmission of MERS-CoV in Saudi 
Arabia’s healthcare settings, the studies selected for 
review were not limited to Saudi Arabia. There were 
two reasons for this: one  was  to  allow for the 
inclusion of as many studies as possible in case there 
were few relevant studies performed in Saudi Arabia. 
The second reason was the assumption that control 
measures applied elsewhere could also be applied in 
Saudi Arabia; as such, the study locations were 
irrelevant. The following inclusion and exclusion 
criteria were developed ad hoc and informed  by the 
research question. 

Inclusion Criteria: 
Studies addressing infection con- 

trol/transmission of MERS-CoV 
Studies conducted in healthcare/hospitals set- 

tings 
Studies whose target population (participants) 

was HCW and MERS-negative patients who are at 
risk 

Reports authored by government departments 
(public health authority) and both local and interna- 
tional non-governmental organisations such as the 
World Health Organization 

• Other studies 
Exclusion Criteria: 
• Editorials 
• Commentaries/opinions 

Studies not addressing MERS-CoV infection 
control/transmission 

Studies conducted outside hospital/healthcare 
settings 

• Studies not targeting HCW and patients 

III. RESULTS 

The search strategy returned 3,211 articles (Figure 
1). Many of them were duplicates, the removal of 
which left 1,632 articles for review. The titles and 
abstracts of the remaining articles were screened 
according to the above inclusion/exclusion criteria. 
1,601 articles were subsequently excluded as they did 
not meet the inclusion criteria. Full-text versions of 
the remaining 30 articles were retrieved to further 
assess whether they fully met the inclusion criteria. 
This led to the exclusion of a further 20 articles; nine 
because they were not empirical studies, eight 
because they did not address the outcome measures, 
and three because the studies were not conducted in 
hospital settings. Table 1. lists the number of studies 
identified through each bibliographic source. 

 
A. Charting the Data 

Data were extracted from all 10 studies selected for 
inclusion. The following information was extracted 
from the studies: title of the study,  name   of the 
author(s) and year of publication, target population 
and country, study objective, research methods 
employed, ICP interventions used and for how long, 
and outcomes (Table 2). Table 3 lists the appraisal of 
the evidence presented in the various studies. 

 
B. Collating, Summarising, and Reporting the Re- 
sults 

This section maps the distribution, nature, and 
extent of the studies  incorporated  in  the  review,  in 
terms of the intervention group, range of in- 
terventions, research methods, outcome measures, 
and comparison of control outcomes for HCW and 
patients. 

1) Distribution of Studies According to Interven- 
tion Group:  Studies  were  categorised  according to 
the care group being targeted by interventions   to 
control MERS-CoV transmission. Studies were 
subsequently categorised into three categories: those 
targeting both HCW and patients; those targeting 
HCW only; and those targeting patients only. The 
majority (50%) of the studies targeted both HCW and 
patients. Forty percent targeted  HCW,  while the 
remainder of the studies (10%) targeted patients 
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Figure. 1. PRISMA Flow Chart  
 

 
 

 
 

Figure 2. Proportion and Number of Studies Targeting Different Care Groups
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only. Figure 2 shows the proportion and number of 
studies targeting the above three groups. 

 
Evaluation Based on Level of Effectiveness: 
Interventions targeting both patients and HCW 

were three times more effective than those targeting 
only patients or only HCW.  The  combination  of the 
two sets of measures yielded better results than those 
applied to patients or  HCW  only,  because the 
infection was being tackled from two fronts. 
Infected patients can pass the infection to HCW and 
vice versa [1]. Therefore, if only patients are tar- 
geted, then HCW who may be infected via contact 
with patients upon arrival will still spread the virus. 
Addressing the needs of both groups simultaneously 
helped, because none could pass infection to others.  

 
Targeting Different Care Groups 

2) Range of IPC Interventions:    Several types  of 
IPC interventions have been developed to stop 
MERS-CoV transmission in hospitals. The below 
categorisation of interventions (basic, administra- 
tive, and environmental) was adapted from WHO 
guidelines for the control of MERS-CoV infection 
transmission [25]. 

The most common IPC measures were the follow- 
ing (in hierarchical order): 

Types of Interventions Identified in This Review 
(Table 4) 

 
Basic Interventions 
These include: 

Hand hygiene 
Patient isolation (in standard rooms and in 

negative pressure rooms) 
Face masks 
Eye protection 
Gloves 
Gowns 
N95 respirators 

As seen, no studies applied any basic intervention 
in isolation; they all combined more than one inter- 
vention. There were overlaps, with different studies 
combining different interventions interchangeably. 

 
Administrative Interventions 
These interventions also include administrative 

controls such as (Table 5): 
• An Infectious Disease Epidemic Plan (IDEP) 
• Clinical/patient triage 

• Contact tracing 
• Surveillance/monitoring  
• Suspension of elective surgeries  
• Education/training of HCW  
• Control/restriction of visitors  
• IPC guidelines 
• Suspension of outpatient services  
• Visits by a rapid response team 
• Establishment of a command control centre  
• Having an ED contingency plan 
 
Healthcare System Interventions 
Healthcare interventions included measures such 

as (Table 6): 
• Taking nasopharyngeal swabs 
• Isolating MERS patients in negative pressure 

rooms 
• Maintaining environmental and equipment hy- 

giene 
• Closing the ED 
In summary, all studies included in this review ap- 

plied a combination of IPC interventions, with much 
overlap between studies in terms of interventions 
used. PPE-associated interventions were used in 90% 
of the studies, followed by MERS patient isolation in 
80% of the studies (30% involving isolation in 
negative pressure rooms, and 50% in standard 
rooms). The third-most commonly used intervention 
was hand hygiene, which was applied in 50% of   the 
studies. All studies included at least one basic IPC 
intervention in their investigations, making this 
category of intervention the most common. Most of 
the moderately used interventions fell into the cate- 
gory of administrative control measures, with 
education/training of HCW applied in 40% of the 
studies, clinical triage in 30% of the studies, as well 
as contact tracing and patient 
surveillance/monitoring. The least used 
interventions included suspension of outpatient 
services, which was applied in 10% of the studies; 
establishment of a command centre; and visits by a 
rapid response team. 

 
Research Methods and Outcome Measures 

(Quality of Evidence: From the studies included in 
the review (n = 10), five (50%) adopted a descriptive 
design; another four (40%) used an observational 
design (essentially descriptive in nature); and the 
remaining study was a report (refer to the Joanna  

• 
• 
• 
• 
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Brigs critical appraisal checklist above). According 
to a system ranking the strength of evidence on the 
basis of study design, descriptive studies and reports 
have the lowest evidence strength [26]. Therefore, 
the strength of evidence of all the studies included in 
the review can be regarded as low. The evidence 
provided cannot be generalised to the rest of the 
population. Moreover, except for one study that 
which was conducted across 31 hospitals affected by 
MERS, all the other studies were single-centre 
studies. 

Various outcomes were achieved by the IPC 
interventions implemented in the studies, including a 
60% reduction of MERS-CoV transmission (in 50% 
of the studies); prevention of MERS-CoV 
transmission (in 30% of the studies); control of 
MERS-CoV transmission (in 10% of the studies); 
and a combination of reduction and prevention 
outcomes (in 10% of the studies). 

No tools or methods were used to measure the 
interventions’ effectiveness in achieving these out- 
comes. As such, it was assumed that any reduction, 
control, or lack of transmission was associated with 
interventions. This assumption contributes to the 
weakness of the presented evidence regarding the 
effectiveness of infection control interventions, since 
the possible effects of other confounding factors 
were not considered. No studies evaluated the 
effectiveness of the applied interventions, but most 
of them provided descriptions. In order to evaluate 
any intervention, researchers should be able to 
measure how effective the intervention is   by 
studying each intervention in isolation to un- 
derstand its individual contribution to the control and 
prevention of the disease. However, this could prove 
a difficult task given that, in practice, many 
interventions are applied in combination in order to 
control a disease. 

3) Comparison of Control Outcomes for HCW 
and Patients: From the analysis of outcomes for 
HCW vs. for patients, it emerged that HCW had 
better MERS-CoV control and reduction outcomes 
compared with those for patients.  In  one  study, for 
instance, only two nurses  (out  of  196)  and  one 
physician (out of 80) working in MERS ICU units 
acquired MERS-CoV, and none of them died from 
the virus. Of the 63 patients admitted to the ICU due 
to the hospital outbreak, only eight were HCW. The  

 mortality rate of the ICU patients was 63.4%, and 
none of those who died was a HCW [5]. In yet 
another study, 53 patients acquired MERS- CoV 
compared with 16 HCW [21]. The lower numbers of 
HCW acquiring MERS-CoV compared with patients 
is an interesting phenomenon that will be discussed 
further in the section below. 

 
IV. DISCUSSION 

The four-level model of  healthcare  quality 
improvement, outlined by Ferlie and Shortell (2001), 
focuses on the individual patient, the care team, the 
organisation, and the political environment [27, 28]. 
This model was designed specifically to help 
improve the quality  of  healthcare  delivered  to 
patients. Quality improvement requires ongoing 
efforts to arrive at stable process results with no 
variations and to enhance these process results for 
the healthcare organisation and its users. The model 
is useful for helping to meet such needs. The 
organisation comprises a healthcare facility, such as 
a hospital, nursing home, or clinic, which supports 
the care team’s development and activities by pro- 
viding complementary infrastructure and resources. 
Finally, the economic and political environment, 
which includes payments, financial and regulatory 
regimes, and markets, makes up the conditions un- 
der which care teams, individual healthcare workers, 
organisations, and individual patients conduct their 
activities. 

This review revealed that various interventions 
were used successfully to control, prevent, or re- 
duce transmission of MERS-CoV to patients and/or 
HCW in healthcare settings. Although some of these 
interventions were implemented in South Korea and 
Thailand rather than in Saudi Arabia, they would still 
be applicable for reduction of transmission of 
MERS-CoV in Saudi Arabia’s healthcare settings. 
Available guidelines informed the IPC measures for 
control and prevention of MERS-CoV transmission 
in healthcare settings, including guidelines from 
WHO (2015), CDC (2015), and Saudi Arabia’s Min- 
istry of Health (2015) [25, 29, 30]. With regard to the 
abovementioned four-level model of healthcare, 
most of the IPC interventions were implemented at 
the patient and care team levels. 
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A. IPC Measures Implemented at the Individual 
Patient Level 

Patient-level IPC interventions were particularly 
effective in controlling MERS-CoV transmission. 
This effectiveness may be explained by  the  fact that 
the measures were applied directly to the affected 
patient. For example, isolation can easily  stop the 
spread of the virus because the interaction between 
the affected patient and other people is strictly 
restricted [23]. Thus, the risk of contracting a viral 
infection from this particular person becomes 
negligible. Patient triage gives urgency to treatment, 
thereby solving  the  problem  before  it  gets  out  of 
hand. Direct, patient-level control interventions have 
great potential for preventing and controlling MERS. 

 
B. IPC Measures Implemented at the Healthcare 
Worker Level 

At the HCW level, various interventions also 
appeared effective, because caregivers interact with 
patients more than anyone else. When  caregivers are 
well protected, the risk of the virus spreading from 
patient to HCW is low; hence, it remains contained. 
Measures such as eye protection and  face masks help 
keep HCW safe as they attend to infected individuals 
[22]. Having caregivers use PPE is a very effective 
way of controlling the spread of MERS at the HCW 
level. 

 
C. IPC Measures Implemented at the Organisa- 
tional Level 

Organisation-level measures were not as effective 
as the aforementioned measures. Their lower success 
rate could be because such measures are not applied 
directly to the patient or  the  caregiver. Measures 
such as visitor restrictions, elective surgery 
suspension, distribution of IPC guidelines, IDEP use, 
establishment of a control centre, ED closure, 
equipment and environmental cleanliness, and 
having an ED contingency plan are important. 
However, some of these are not immediately imple- 
mentable, thus leaving room for the virus to spread. 
Some measures at this level are also not easy to 
execute, since they require the allocation of time, 
planning, and resources, which may not be available 
within the time frame to prevent the infection from 

spreading [31]. Interventions at this level are not very 
effective; therefore, they should be applied when 
measures at the first two levels are already   in place. 

 
D. IPC Measures Implemented at the Political Level 

At the political level, a rapid response team visited 
a hospital in one of the studies to ensure compliance 
with the Ministry of Health’s (MOH) IPC guidelines 
[18]. Additionally, these guidelines were important 
for providing a standardised approach to the pre- 
vention of MERS-CoV transmission in hospitals. 
However, in the studies carried out in Saudi Arabia, 
none of the examined hospitals implemented the 
MOH’s IPC guidelines in full. This was also the case 
with studies conducted in South Korea and Thailand, 
which did not fully implement their respective 
countries’ IPC guidelines or those provided by 
WHO. Poor adherence to IPC guidelines has indeed 
been cited as among the major contributing factors to 
MERS-CoV transmission in healthcare settings [13]. 

Failure to implement guidelines, either in part 
or in full, may often be due to factors such as a 

shortage of trained health manpower to effectively 
implement the guidelines. Poor administrative and 
managerial skills in health facilities are also to blame 
for this situation. Furthermore, HCW may have 
failed to implement these guidelines due to the 
urgent need to control MERS-CoV and the feeling 
that following guidelines might slow down their 
efforts. 

It is possible that better infection control outcomes 
could have been achieved if the IPC guidelines had 
been fully implemented in each of the examined 
hospitals. As such, hospitals in Saudi Arabia should 
consider fully implementing the interventions con- 
tained in the IPC guidelines, not only to achieve       a 
standardised approach to infection control, but also 
to achieve better outcomes. As seen from the results, 
most of the studies used  PPE;  although  this is the 
most used and most popular control intervention, it 
is the weakest and the last in a hierarchy of IPC 
interventions [25]. As such, it should not be relied 
upon as the main prevention strategy. Without other 
control measures (such as administrative control 
measures), PPE is of limited benefit [25]. In line with 
this, although PPE was the most commonly used 
intervention, most of the hospitals in the studies used 
PPE in combination with other control measures.   
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However, infection controls at the organisational 
level need to be used more to provide a robust  
control  framework  for the prevention of MERS-
CoV. These should be supported by infection control 
at the political level, including the establishment of a 
robust surveillance system to monitor the strict 
implementation of IPC guidelines in hospitals. 
Although Saudi Arabia has a national surveillance 
system, in which all hospitals are required to enrol 
and report infectious agents according to the MOH 
guidelines, its implementation remains thus far 
unsuccessful, considering the fact that healthcare 
staff members across several hospitals were 
uncertain as to whether their hospitals were enrolled 
in the system [32]. Poor implementation has been 
blamed on inadequate resources allocated to public 
health facilities, lack of adequate training to ensure 
proper qualification and competence of healthcare 
providers, and an indifferent attitude in hospital staff 
with regard to adhering to guidelines [28]. There 
have also been examples of ineffective coordination 
of healthcare systems in various regions and towns, 
as well as across the entire Kingdom of Saudi 
Arabia. 

E. Effectiveness of Interventions According to Tar- 
get Group 

It appeared that IPC interventions tended to work 
better for HCW than for patients. Fewer HCW 
acquired MERS-CoV infection, and none of them 
died from the infection despite their prolonged and 
close contact with MERS patients. The low infection 
rate among HCW might be due to better awareness, 
knowledge, and infection-specific education, and 
stricter adherence than patients to infection  control 
measures. More intensive ascertainment among 
HCW by being subjected to mass screenings that 
allowed for early detection of cases that could have 
been missed. Thus, leading to the immediate prac- 
tice of IPC measures such as isolation of confirmed 
or suspected cases to  prevent  further  spread  of  the 
infection [6]. Additionally, lower transmission 
among HCW may be due to the possibility that,  out 
of fear, they were careful about the outbreak [3, 28, 
31, 33] and, therefore, closely monitored their 
symptoms and sought help before testing positive 
[12]; or detected the disease  early and instigated the 
necessary control measures. 

The lack of deaths among HCW might reflect this 
group’s increased awareness about MERS 
symptoms and their constant monitoring of such 
symptoms, facilitating early detection and treatment. 
Awareness of the MERS-CoV case definition is 
indeed important for enabling early detection [17]. 
Apart from early diagnosis, the lack of deaths 
among HCW might also be explained by the better 
health and younger age of HCW [6]. Research 
evidence indeed indicates that MERS patients who 
are not HCW are significantly older than HCW [34, 
35], and older age was found to be a risk factor for 
adverse outcomes among MERS cases [34]. 
Mitigating the risk  factors  of age (both young and 
old) is necessary, and can be done through close 
monitoring upon arrival at the hospital, as well as 
conducting awareness exercises that target people in 
these population brackets during potential 
outbreaks. Education on how to avoid and manage 
infections is also important, and such individuals 
should be given information on all the available 
ways of keeping safe, avoiding contacts, and 
seeking medical assistance in case of symptoms. 
Comorbidity among non-HCW patients was also 
found to be a risk factor for adverse outcomes as 
compared with HCW [34]. Co-morbid conditions 
leave non-HCW more vulnerable to MERS, and 
these risk factors must also be reduced or elimi- 
nated. Co-morbidity risk factors could be reduced 
through interventions such as public health vacci- 
nation strategies and awareness and public educa- 
tion campaigns. Patients should also be screened 
and treated for any other disease before receiving 
treatment for MERS-CoV. 

To prevent MERS transmission between HCW and 
patients, the improvement of healthcare quality (in 
line with the four-level model) should include efforts 
directed towards preventing transmission to patients. 
Early identification and diagnosis of MERS patients 
is key to controlling the spread of MERS-CoV to 
other patients. To ensure early detection and, 
consequently, better patient outcomes, effective 
triage should be undertaken upon hospital admis- 
sion, with subsequent quarantine of patients with 
respiratory tract infections [7]. A study found that 
visual triage was effective in the early identification 
of MERS-CoV cases [36]. Another study revealed 
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that early identification of a MERS-CoV patient 
ensured a zero-transmission level of MERS-CoV in 
the healthcare facility involved [20]. Early identifi- 
cation is important because it allows for suspected or 
confirmed MERS cases to be subjected to IPC 
measures, such as contact and airborne isolation, 
before coming into contact with other patients (and 
unsuspecting HCW). 

From an organisational point of view, although the 
hospitals investigated in the studies implemented IPC 
measures to control a MERS outbreak, it appears that 
most of the hospitals evaluated were caught unaware 
and unprepared for the outbreak. Only one hospital 
had an  IDEP,  while  another  one had an ED 
contingency plan [1,5]. For better response to and 
control of hospital outbreaks of infectious diseases, 
such as MERS-CoV, all hospitals should have 
response plans, exercises, and training modules well 
in advance as part of their preparedness [37]. Once 
the outbreak strikes, the response plan should be 
implemented to  address the disaster effects and 
mitigate the impact on the population [37]. The 
infectious disease disaster plan should include 
elements specific to a particular disease, depending 
on the pathogen’s characteristics, its transmission, 
and mitigation measures [12]. For novel contagious 
infections, such as the MERS-CoV virus, standard 
infectious disease control measures can be used until 
measures for the novel disease have been developed. 
However, based on the studies reviewed here, the 
performance of standard measures falls below that of 
other measures specifically developed for MERS-
CoV. With  time, there  is always a need for standards 
that can address specific issues. Saudi Arabia did not 
have national infection prevention and control 
guidelines in place before the MERS-CoV outbreak, 
a situation  that left hospitals to develop individual 
guidelines. Thus, various hospitals came up with 
their own guidelines for infection control, and the 
studies indicate that not all hospitals applied the 
same infection control methods. However, the 
Minister of Health later formed a Scientific Advisory 
Council, which revised previous World Health 
Organization (WHO) and Centers for Disease 
Control and Prevention (CDC) guidelines and 
developed a revised version for use when caring for 
patients with suspected or possible MERS-CoV 
infection. 

From the data extraction table (Table 2) it is clear 
that, in most of the studies (90%), using PPE such as 
masks, gloves, and gowns is among the most 
essential and effective interventions for controlling 
MERS. Most studies have cited PPE as being among 
the first interventions to apply in case of an out- 
break. Other interventions, such as isolation, triage, 
and quarantine, were found to be very effective in 
curbing viral transmission; therefore, they join the 
list of essential measures. Some interventions may 
not be very effective in controlling an outbreak, but 
are necessary for long-term disease management. 
These fall under the non-essential but useful mea- 
sures. In some of the studies, this category contains 
interventions such as having security measures in 
place to control patients, continued vigilance, ad- 
ministrative controls, and workplace safety, among 
others. 

 
V. LIMITATIONS 

This study has a number of limitations. The 
evidence presented here should be applied with cau- 
tion, considering that none of the included studies 
measured the effectiveness of the IPC interventions 
implemented to control MERS-CoV transmission. 
Hence, the relative effectiveness of specific inter- 
ventions could not be identified. The studies were 
largely descriptive and based on the  assumption that 
the level of MERS-CoV transmission control 
observed was a direct reflection of the IPC mea- 
sures applied. For more useful results, future studies 
should include evaluations of current practices and 
interventions. 

Another limitation of this study is that it focused 
mainly on presenting a summary of the available 
evidence regarding the effectiveness of IPC inter- 
ventions for controlling the spread of MERS-CoV, 
rather than an in-depth analysis of the quality of 
available evidence, as would be the case in a sys- 
tematic review. As such, the evidence presented is 
inadequate for hospital and policy decision-making. 
Additionally, most of the studies were single-centre, 
so their findings cannot necessarily be generalised. 
Nonetheless, the evidence presented provides some 
insight into what could work for the control of this 
and potentially other respiratory viruses in Saudi 
Arabia. 
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VI. CONCLUSION 

This review found that IPC interventions im- 
plemented at patient and HCW level, organisation 
level, and political level, across various hospital 
settings, were considered crucial in preventing, con- 
trolling, and/or reducing the transmission of MERS- 
CoV. Although PPE and hand hygiene were the most 
commonly used interventions, these are of limited 
effectiveness if not used in conjunction with 
administrative control measures. 

 
A. Recommendation 

Considering the above, PPE, hand hygiene, and 
other basic infection control measures should be used 
within a larger framework of organisational and 
political control. Additionally, as is evident from 
most studies, hospitals should implement these 
controls in full, rather than piecemeal, for more 
effective control. To limit transmission between 
HCW and patients, it is important to promote early 
detection through triage and surveillance, and to 
subject suspected and confirmed cases to the rele- 
vant controls, such as isolation. It is also important 
for hospitals to be prepared for MERS-CoV-like 
outbreaks by developing response plans to be fol- 
lowed when disaster strikes. Although the infection 
control measures applied in the included studies 
were considered effective in controlling MERS-CoV 
transmission, the presented evidence should be in- 
terpreted with caution since these were single-centre 
studies, mostly descriptive, and did  not  measure the 
effectiveness of the implemented interventions. 
Therefore, it was impossible to determine the level of 
effectiveness of specific MERS-CoV infection 
control interventions. 

 
B. Future Outlook 

In the future, more robust studies, using empirical 
methods, should be adopted to measure the effec- 
tiveness of the various IPC measures in controlling 
the transmission of MERS-CoV. Researchers should 
also focus on multi-centre studies to investigate the 
effectiveness of the various in preventing and con- 
trolling of MERS-CoV. Multi-centre trials typically 
produce more generalisable data, since they reflect a 
wider range  of  geographical  locations,  include a 
larger number of participants, may include a 

broader range of population groups, and can afford 
researchers the ability to make comparisons between 
different centres. 

 
VII. REFERENCES 

1. Butt TS, Koutlakis-Barron I, AlJumaah S, 
AlThawadi S, AlMofada S. Infection control and 
prevention practices implemented to reduce trans- 
mission risk of Middle East respiratory syndrome- 
coronavirus in a tertiary care institution in Saudi 
Arabia. American Journal of Infection Control. 2016 
May;44(5):605–11. 

2. WHO (2018). Middle East respiratory syn- 
drome coronavirus (MERS-CoV). Retrieved on 13 
November 2021, from http://www.who.int/mediace 
ntre/factsheets/mers-cov/en/ 

3. Abolfotouh MA, AlQarni AA, Al-Ghamdi SM, 
Salam M, Al-Assiri MH, Balkhy HH. An assess- 
ment of the level of concern among hospital-based 
health-care workers regarding MERS outbreaks in 
Saudi Arabia. BMC Infect Dis. 2017 Dec;17(1):4. 

4. Al-Tawfiq JA, Hinedi K, Ghandour J, Khairalla 
H, Musleh S, Ujayli A, et al. Middle East respira- 
tory syndrome coronavirus: a case-control study of 
hospitalized patients. Clinical Infectious Diseases. 
2014 Jul 15;59(2):160–5. 

5. Al-Dorzi HM, Aldawood AS, Khan R, Baha- 
roon S, Alchin JD, Matroud AA, et al. The critical 
care response to a hospital outbreak of Middle East 
respiratory syndrome coronavirus (MERS-CoV) in- 
fection: an observational study. Ann Intensive Care. 
2016 Dec;6(1):101. 

6. Balkhy HH, Alenazi TH, Alshamrani MM, 
Baffoe-Bonnie H, Arabi Y, Hijazi R, et al. De- 
scription of a hospital outbreak of Middle East 
respiratory syndrome in a large tertiary care hospital 
in Saudi Arabia. Infect Control Hosp Epidemiol. 
2016 Oct;37(10):1147–55. 

7. Al-Tawfiq JA, Rothwell S, Mcgregor HA, 
Khouri ZA. A multi-faceted approach of a nursing 
led education in response to MERS-CoV infection. 
Journal of Infection and Public Health. 2018 
Mar;11(2):260–4. 

8. Kim CJ, Choi WS, Jung Y, Kiem S, Seol HY, 
Woo HJ, et al. Surveillance of the Middle East 
respiratory syndrome (MERS) coronavirus (CoV) 
infection in healthcare workers after contact with 



    The Journal of Medicine, Law & Public Health Vol 3, No 1. 2023   p173 

confirmed MERS patients: incidence and risk fac- 
tors of MERS-CoV seropositivity. Clinical Micro- 
biology and Infection. 2016 Oct;22(10):880–6. 

9. Cho SY, Kang JM, Ha  YE,  Park  GE,  Lee  JY, 
Ko JH, et  al.  MERS-CoV  outbreak  following a 
single patient exposure in an  emergency room in 
South Korea: an epidemiological outbreak study. 
Lancet. 2016 Sep 3;388(10048):994-1001. doi: 
10.1016/S0140-6736(16)30623-7. Epub 2016 Jul 9. 
PMID: 27402381; PMCID: PMC7159268. 

10. Maltezou HC, Tsiodras S. Middle East res- 
piratory syndrome coronavirus: Implications for 
health care facilities. American Journal of Infection 
Control. 2014 Dec;42(12):1261–5. 

11. Omrani AS, Shalhoub S. Middle East res- 
piratory syndrome coronavirus (Mers-CoV): what 
lessons can we learn? Journal of Hospital Infection. 
2015 Nov;91(3):188–96. 

12. Balkhy HH, Perl TM, Arabi YM. Preventing 
healthcare-associated transmission of the Middle 
East respiratory syndrome (MERS): our Achilles 
heel. Journal of Infection and Public Health. 2016 
May;9(3):208–12. 

13. Memish ZA, Al-Tawfiq JA. Middle East res- 
piratory syndrome coronavirus infection control: 
The missing piece? American Journal of Infection 
Control. 2014 Dec;42(12):1258–60. 

14. Arksey H, O’Malley L. Scoping studies: to- 
wards a methodological framework. International 
Journal of Social Research Methodology. 2005 
Feb;8(1):19–32. 

15. Arksey H, O’Malley L,  Baldwin  S,  Harris J, 
Mason A, Golder S. Literature Review Report: 
Services to Support Carers of People with Mental 
Health Problems. National Co-ordinating Centre for 
NHS Service Delivery and Organisation, London: 
London (2002). Retrieved on 3 May 2019, from ht 
tps://pure.york.ac.uk/portal/en/publications/literatur 
e-review-report-services-to-support-carers-of-peopl 
e-with-mental-health-problems(8ddaf6e8-7384-4b2 
c-b716-c3efa135db64).html 

16. WHO (2017 MERS-COV Global Summary 
And Assessment Of Risk Retrieved FROM 
http://www who int/emergencies/mersCov/risk-
assessment-july-2017 pdf?ua=1 

17. Armstrong R, Hall BJ, Doyle J, Waters E. 
‘Scoping the scope’ of a Cochrane review. Journal of 
Public Health. 2011 Mar 1;33(1):147–50. 

18. El Bushra HE, Al Arbash HA, Mohammed M, 

Abdalla O, Abdallah MN,  Al-Mayahi  ZK, et al. 
Outcome of strict implementation of infection 
prevention control measures during an outbreak of 
Middle East respiratory syndrome. American Jour- 
nal of Infection Control. 2017 May;45(5):502–7. 

19. Varughese  S,   Read   JG,   Al-Khal   A, Abo 
Salah S, El Deeb Y, Cameron  PA. Effectiveness of the 

syndromerespiratoryMiddle East -coronavirus  
protocol  in   enhancing   the function of an  
Emergency  Department  in Qatar. Eur J Emerg Med. 
2015 Oct;22(5):316-20. doi: 
10.1097/MEJ.0000000000000285. PMID: 26035278; 
PMCID: PMC5747930. 

20. Wiboonchutikul S, Manosuthi W, Likanon- 
sakul S, Sangsajja C, Kongsanan P, Nitiyanontakij R, 
et al. Lack of transmission among healthcare workers 
in contact with a case of Middle East respiratory 
syndrome coronavirus infection in Thailand. 
Antimicrob Resist Infect Control. 2016 Dec;5(1):21. 

21. Hastings DL, Tokars JI, Abdel Aziz IZ, 
Alkhaldi KZ, Bensadek AT, Alraddadi BM, Jokhdar 
H, Jernigan JA, Garout MA, Tomczyk SM, Oboho IK, 
Geller AI, Arinaminpathy N, Swerdlow DL, Madani 
TA. Outbreak of Middle  East  Respiratory Syndrome 
at Tertiary  Care  Hospital,  Jed-  dah, Saudi Arabia, 
2014. Emerg Infect Dis. 2016 May;22(5):794-801. 
doi: 10.3201/eid2205.151797. PMID: 27089550; 
PMCID: PMC4861521. 

22. Alfaraj SH, Al-Tawfiq JA, Altuwaijri TA, 
Alanazi M, Alzahrani N, Memish  ZA.  Middle  East 
respiratory syndrome coronavirus transmission 
among health care workers: Implication for infection 
control. American Journal of Infection Control. 2018 
Feb;46(2):165–8. 

23. Park GE, Ko JH, Peck KR, Lee JY, Lee JY, Cho 
SY, et al. Control of an outbreak of Middle East 
respiratory syndrome in a tertiary hospital in Korea. 
Ann Intern Med. 2016;165(2):87. 

24. Briggs J New Jbi Levels of Evidence 
Joanna Briggs Institute 2013 Retrieved From 

HTTPS://joannabriggs org/assets/docs/approach/jbi-
levels-of- evidence_2014 pdf 

25. WHO (2015). Infection prevention and con- 
trol during health care  for  probable  or  confirmed 
cases of Middle East  respiratory  syndrome 
coronavirus (MERS-CoV) infection. Retrieved from 
http://apps.who.int/iris/bitstream/1066 
5/174652/1/WHO_MERS_IPC_15.1_eng.pdf?ua=1 



    The Journal of Medicine, Law & Public Health Vol 3, No 1. 2023   p174 

26. Ackley BJ, Ladwig GB, Swan BA, Tucker SJ. 
Evidence-based nursing care guidelines: medical- 
surgical interventions. St. Louis: Mosby Elsevier, 
2007:954-954. 

27. Ferlie EB, Shortell SM: Improving the quality 
of health care in the United Kingdom and the United 
States: a framework for change. Milbank Q. 2001, 
79: 281-315. 

28. Alsahafi A, Cheng A. Knowledge, attitudes 
and behaviours of healthcare workers in the King- 
dom of Saudi Arabia to MERS coronavirus and other 
emerging infectious diseases. IJERPH. 2016 Dec 
6;13(12):1214. 

29. CDC (2015). Interim infection prevention and 
control recommendations for hospitalized patients 
with Middle East respiratory syndrome coronavirus 
(MERS-CoV). Retrieved from https://www.cdc.gov 

/coronavirus/mers/infection-prevention-
control.html 

30. MOH (2015). Infection prevention and control 
guidelines for the Middle East respiratory syn- 
drome coronavirus (MERS-CoV) infection. Min- 
istry of Health, Kingdom of Saudi Arabia. Retrieved 
from https://www.moh.gov.sa/endepts/Infection/Do 
cuments/Guidelines-for-MERS-CoV.PDF 

31. Im SB, Baumann SL, Ahn M, Kim H, Youn 
BH, Park M, et al. The experience of  Korean  nurses 
during the Middle East respiratory syndrome 
outbreak. Nurs Sci Q. 2018 Jan;31(1):72–6. 

32. Rabaan AA, Alhani HM, Bazzi AM, Al- 
Ahmed SH. Questionnaire-based analysis of infec- 
tion prevention and control in healthcare facilities in 
Saudi Arabia in regards to Middle East Respiratory 
Syndrome. Journal of Infection and Public Health. 
2017 Sep;10(5):548–63. 

33. Khalid I, Khalid TJ, Qabajah MR, Barnard 
AG, Qushmaq IA. Healthcare workers emotions, 
perceived stressors and coping strategies during a 
MERS-CoV outbreak. Clinical Medicine & Re- 
search. 2016 Mar 1;14(1):7–14. 

34. Garbati MA, Fagbo SF, Fang VJ, Skakni L, 
Joseph M, Wani TA, et  al.  A  comparative  study of 
clinical presentation and risk factors for adverse 
outcome in patients hospitalised with acute respi- 
ratory disease due to MERS coronavirus or other 
causes. Chan RWY, editor. PLoS ONE. 2016 Nov 
3;11(11):e0165978. 

35. Alhamlan FS, Majumder MS, Brownstein JS, 
Hawkins J, Al-Abdely HM, Alzahrani A, et al.  Case 
characteristics among Middle East respiratory 

syndrome coronavirus outbreak and non-outbreak 
cases in Saudi Arabia from 2012 to 2015. BMJ Open. 
2017 Jan 12;7(1):e011865. 

36. Harbi ISA, Gupta SK. Use of Visual Triage  in 
the Early Identification and Isolation of Acute 
Respiratory Infection Cases for the Control of Hos- 
pital Outbreak/Infection in Reference to Middle East 
Respiratory Syndrome-Corona Virus (MERS CoV). 
Int J Med Public Health. 2019;9(1):8-12. 

37. Yousif SA, Alenazi TH, Arabi Y. Taming the 
beast: Hospital management of a nosocomial Middle 
East respiratory syndrome outbreak. J Infect Public 
Health. 2016;9(4):386-8. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



    The Journal of Medicine, Law & Public Health Vol 3, No 1. 2023  p175 

 
Table 1. Number of Studies Identified According to Bibliographic Source (N = 3211) 

 
Bibliographic Sources N % 
PubMed 272 8.47 
ScienceDirect 1,848 57.55 
BioMed Central 330 10.28 
Taylor & Francis Online 70 2.18 
Sage 87 2.71 
CDC 460 14.32 
WHO 3 0.09 
Ministry of Health 90 2.80 
Reference checking 52 1.62 
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Title Author(s) & 
Year 

Population & 
Geographical 
setting 

Study Objective Research 
Methods 

IPC Intervention 
& Period 

Outcomes 

The critical care 
response to a 
hospital outbreak 
of Middle East 
respiratory 
syndrome 
coronavirus 
(MERS-CoV) 
infection: an 
observational 
study 

Al-Dorzi et al. 
(2016)5 

Healthcare 
workers (HCW) 
(n = 8) and 
patients (n = 
55). 
Study 
conducted in a 
hospital (King 
Abdulaziz 
Medical City) 
setting in Saudi 
Arabia 
following 
MERS outbreak 
in the hospital. 
 

To describe how 
the ICU 
department at 
King Abdulaziz 
Medical City 
responded to the 
MERS outbreak 
that occurred in 
the hospital, the 
impact on its 
HCW, and the 
related changes in 
the hospital’s 
workflow. 

Observational 
study 
employing both 
qualitative and 
quantitative 
methods. 

Study period was 
approx. three 
months (July 1 to 
October 21, 2015). 
There was a 19-
month intervention 
period. 
Essential effective 
measures: 
● Activation of 

Infectious 
Disease Epidemic 
Plan (IDEP) 

● Closure of ED 
● Cancellation of 

elective surgeries 
● Suspension of 

outpatient clinic 
● Establishment of 

a command 
centre and MERS 
unit 

● Restriction of 
family visits 

● Isolation of 
patients 

● Training of ICU 
staff on the use of 
PPE 

Although ICU staff 
was significantly 
exposed to the risk of 
acquiring MERS-
CoV, only a small 
number actually 
acquired the infection. 
For example, two 
nurses (out of 196) 
and one physician 
(out of 80) working in 
MERS ICU units 
acquired MERS-CoV. 
Essential effective 
measures: 
● Hand hygiene 
● Imparting of 

knowledge to HCW 
about MERS 
infection 

● Proper and early 
diagnosis of the 
virus 

● Early and effective 
diagnosis and 
treatment of the 
virus in HCW. Non-
HCW may not have 
such timely 

Table 2. Data Extraction Table 
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● Sufficient supply 
of PPE 

● Saudi Ministry of 
Health & WHO 
guidelines for 
management of 
MERS given to 
ICU staff 

diagnosis, thus 
allowing the spread 
of MERS-CoV 
amongst them. 

● Early diagnosis and 
treatment of HCW 
can also be cited as 
the reason there 
were no HCW 
deaths reported, 
despite the virus’s 
63% mortality rate. 

  Mean age of 
patients who 
acquired MERS 
was 57.9 ± 18.6 
years; most of 
them male 
(69.8%). 

  Non-essential but 
useful measures: 
● Implementation 

of airborne 
precautions for 
MERS cases 

● Fit testing staff 
for N95 
respirators 

● Development and 
updating of 
specific policies 
for doffing and 
donning personal 
protective 
equipment (PPE) 

● Provision of 
visual instructions 
in ICU rooms 

● Setup of carts 
with PPE outside 
patients’ rooms 
with PPE for 

Non-essential useful 
measures: 
Creation of a 
multidisciplinary 
team using a 
multifaceted approach 
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proper sequential 
donning 

● More training in 
hand hygiene and 
use of PPE for 
HCW and 
housekeepers 

Collaboration 
between intensive 
care department 
and the infection 
prevention and 
control department 

Outcome of strict 
implementation of 
infection 
prevention control 
measures during 
an outbreak of 
Middle East 
respiratory 
syndrome 

El Bushra et al. 
(2017)18 

HCW and 
inpatients 
without MERS 
(n = 1,310). 
Study 
conducted in a 
hospital in 
Saudi Arabia 
following an 
outbreak in the 
hospital. 

To demonstrate 
the outcome of 
infection 
prevention and 
control (IPC) 
interventions 
implemented 
during the MERS 
outbreak. 

Observational 
study 

The interventions 
were conducted for 
approx. two 
months. 
Essential effective 
measures: 
● Taking 

nasopharyngeal 
swabs inside the 
rooms that are 
lacking negative 
pressure 

● Training on 
proper PPE use, 
proper hand 
hygiene, and IPC 
measures 

● Conducting 
drills 

● Implementing a 
standardised 
checklist for 
patient triage 

In phase I, six 
primary cases led to 
48 secondary cases. 
In phase II, secondary 
cases fell sharply to 
18, while in phase III, 
secondary cases fell 
further to just one. 
The outcome indicates 
a pattern of reduction 
in infection, from 18 
cases in phase II to 
one case in phase III 
(a difference of 17 
cases). This reduction 
may be attributed to 
the tightening of the 
IPC measures. 
Essential effective 
measures: 
● Increased 

awareness of the 
importance of 
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● Cancelling 
elective 
surgeries; 
closure of ER 

● Separating 
patients 

● Controlling 
movement of 
patients and 
their escorts 

Non-essential but 
useful measures: 
● Visual alerts 

posted about 
proper hand 
hygiene and 
cough etiquette 

Visit by rapid 
response team 
(RRT) to assess 
adherence to IPC 
measures 

triaging and 
isolating patients 
who might have 
MERS infection 

● Early detection 
through screening 

● Adherence to 
standard IPC 
procedures and 
protocols 

● Use of PPE 
Non-essential but 
useful measures: 
● Training in, and 

evaluation of, 
infection prevention 
and control 

Having security 
personnel to control 
patients. 

Infection control 
and prevention 
practices 
implemented to 
reduce 
transmission risk 
of Middle East 
respiratory 
syndrome-corona 
virus in a tertiary 
care institution in 
Saudi Arabia 

Butt et al. 
(2016)1 

Healthcare 
workers (n = 
180); 
non-healthcare 
workers (n = 
694). 
Participants’ 
gender and 
mean age not 
provided. 
Study 
conducted in 
Saudi Arabia. 

To examine the 
effectiveness of a 
combination of B-
IC and A-IC in 
prevention of 
MERS-CoV 
transmission. 

Retrospective 
observational 
study. 
Participant data 
retrieved 
retrospectively 
from integrated 
clinical 
information 
system (ICIS). 

19-month 
intervention 
period. 
Essential effective 
measures: 
● Basic infection 

control (B-IC) 
strategies 

● Advanced 
infection control 
(A-IC) strategies 

Non-essential but 
useful measures: 

Only 16 cases tested 
positive for MERS-
CoV, all of which 
were non-HCW, 
possibly because all 
patients presenting 
with MERS had been 
infected in the 
community outside the 
health facility being 
studied. This outcome, 
with no infections 
among HCW, is an 
indication of the high 
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● Improvements on 
IPC measures 

● Continuous 
monitoring for 
effectiveness 

● Administrative 
and leadership 
support 
● Targeted 

resource 
allocation 

● High HCW 
compliance rates 

Open lines of 
communication 
between involved 
parties 

level of effectiveness 
of the prevention 
measures 
implemented in 
hospitals in Saudi 
Arabia. However, the 
presence of infection 
among patients from 
outside the health 
facility may reflect a 
situation where 
prevention measures 
applied in the 
community were less 
effective. Such 
infections could result 
from a lack of timely 
diagnosis and 
treatment and poor 
observance of other 
required practices 
such as personal 
hygiene. 

Effectiveness of 
the Middle East 
respiratory 
syndrome-
coronavirus 
protocol in 
enhancing the 
function of an 
Emergency 
Department in 
Qatar 

Varughese et al. 
(2015)19 

Patients 
presenting to 
the emergency 
department (n = 
100,751). 
Study 
undertaken in 
the ED of a 
tertiary hospital 
in Qatar. 
 
 

To describe 
interventions 
implemented to 
prevent outbreak 
of MERS-CoV 
and limit its 
impact on the 
functioning of the 
ED. 

Descriptive 
study 

Study undertaken 
for a period of two 
months (August to 
October 2013). 
Essential effective 
measures: 
● Creation of 

MERS-CoV 
surveillance 
protocol and 
tracking system 

● A MERS-CoV 
corona triage in 

Due to the 
implementation of 
mandatory isolation 
procedures, no cross-
infection was 
observed among  
patients and staff. 
This outcome proves 
that these procedures 
worked very well and 
are therefore 
important in the 
prevention and 
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the ED, staffed 
by healthcare 
professionals 
equipped with 
PPE 

● Staff training in 
isolation 
procedures 

● ED worked with 
radiology 
department to 
prioritise 
probable MERS-
CoV patients for 
CXR evaluation 

Establishment of 
new respiratory 
isolation rooms 

control of MERS-
CoV. Nevertheless, 
cases of patients 
infecting other 
patients were 
observed, indicating 
some deficiency in the 
ability of the 
implemented 
prevention measures. 
Essential effective 
measures: 
● Revision, 

evaluation and 
continued 
monitoring and 
improvement of the 
effectiveness of 
infection prevention 
measures 

● Triage and 
isolation 

● Surveillance 
protocols 

Non-essential but 
useful measures: 
● Educational posters 

about the symptoms 
of MERS. 

● Training and 
education of HCW 

● Establishment of 
administrative 
controls 

● Establishment of 
environmental 
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controls (e.g., 
proper and 
consistent cleaning 
and disinfection 
measures) 

● Observation of 
workplace safety 

Establishment of  
engineering controls 
(e.g., partitions to 
guide patients in 
triage areas; curtains 
between patients who 
share a space; closed 
suctioning systems for 
intubated patients; 
installation and 
maintenance of 
proper air handling 
systems) 

Surveillance of 
the Middle East 
respiratory 
syndrome 
(MERS) 
coronavirus 
(CoV) infection in 
healthcare 
workers after 
contact with 
confirmed MERS 
patients: 
incidence and risk 
factors of MERS-
CoV seropositivity 

Kim et al. 
(2016)8 

HCW (n = 737) 
in 31 MERS 
affected 
hospitals in 
South Korea 

To evaluate 
MERS-CoV 
prevalence in 
exposed HCW and 
to calculate its 
incidence in 
HCW. 
To identify risk 
factors of MERS 
infection in HCW. 

Descriptive 
study 

Tests were 
conducted for 
approx. Six weeks. 
Essential effective 
measures: 
● Use of PPE 

(gown, gloves, 
masks) 

Isolation 

Seropositivity for 
MERS-CoV was 
higher (0.7%) among 
HCW not using PPE 
compared with those 
using it (0%). This 
suggests the 
effectiveness of PPE 
in MERS-CoV IPC. 
Essential effective 
measures: 
● Use of personal 

protective 
equipment such as 
N95 respirator, 
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isolation gown, 
gloves 

Non-essential but 
useful measures: 
Screening 

Lack of 
transmission 
among healthcare 
workers in 
contact with a 
case of Middle 
East respiratory 
syndrome 
coronavirus 
infection in 
Thailand 

Wiboonchutikul 
et al. (2016)20 

HCW (n = 38) 
in a healthcare 
setting in 
Thailand. 
The mean age 
was 38.1 years, 
with females 
comprising 
79% of the 
target 
population. 

To assess the 
effectiveness of 
IPC interventions 
in reducing 
MERS-CoV 
transmission to 
HCW after 
exposure to a 
MERS patient or 
the patient’s body 
fluids. 
The patient was an 
elderly man aged 
74 years. 

Descriptive 
study 

Study targeted 
HCW attending to 
the patient from 
June 18 to July 3, 
2015. 
Essential effective 
measures: 
● Isolation of 

patients 
● Protection 

provided through 
use of disposable 
gloves 

● Fit testing of 
N95 respirators 

● Gowns 
● Disposable caps 
● Eye protection 
● Maintenance of 

hand hygiene 
Non-essential but 
useful measures: 
Waste carefully 
managed and 
destroyed by 
incineration 

None of those who 
were in contact with 
the patient tested 
positive for MERS. 
The results indicate 
the effectiveness of 
the infection control 
interventions 
implemented in the 
facility. The fact that 
the patient's MERS 
infection was 
identified beforehand 
might have helped to 
prevent cross-
infection, since it 
allowed the institution 
to put in place the 
necessary 
precautions. 
Essential effective 
measures: 
● Hand hygiene 
● Use of N95 

respirators 
● Respirator fit tests 
● Use of gloves 
● Early identification 

and diagnosis 
● Use of gowns 
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Use of eye protection 
and caps 

A multi-faceted 
approach of a 
nursing led 
education in 
response to 
MERS-CoV 
infection 

Al-Tawfiq et al. 
(2017)7 

Nurses (n = 
1,000) at John 
Hopkins 
Aramco 
Healthcare in 
Saudi Arabia; 
mean age and 
gender not 
provided. 

To describe a 
nurse-led training 
programme 

Report Duration of 
training not 
specified. 
Essential effective 
measures: 
The training 
programme 
included essential 
skills in: 
● How to use PPE 

(gown, head 
cover, gloves, 
and N95 mask) 

● Donning and 
doffing of PPE; 
hand hygiene 

Collection of 
nasopharyngeal 
specimens for 
MERS-CoV testing 

Essential effective 
measures: 

● HCW training 
● Specified protocols 

to reduce MERS-
CoV cross-infection 
and enhance the 
safety of patients 
and staff 

● Use of PPE 
● Triage and 

isolation 
● Cohorting infected 

patients 
Although this report 
does not address the 
impact of the training 
on MERS-CoV 
transmission, it 
highlights the 
importance of 
training nurses in 
basic infection control 
procedures for 
control of MERS-CoV 
transmission. 
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Outbreak of 
Middle East 
respiratory 
syndrome at 
tertiary care 
hospital, Jeddah, 
Saudi Arabia, 
2014 

Hastings et al. 
(2016)21 

Inpatients (n = 
2,776); 
ED patients (n 
= 15,218); 
HCW (total 
number not 
specified). 
Study 
conducted on 
78 patients, 
HCW and other 
visitors, in 
Saudi Arabia, at 
King Fahd 
General 
Hospital 
(KFGH). 

To investigate 
MERS illness 
clusters at King 
Fahd General 
Hospital and 
determine the 
number of cases 
acquired at the 
hospital; identify 
hospital areas of 
transmission; and 
evaluate the 
relationship 
between MERS 
cases and 
implementation of 
IPC measures. 

Retrospective 
cohort 
observational 
study 

Study period was 
approx. two 
months (March 2 – 
May 10, 2014). 
Essential effective 
measures: 
● Triage to isolate 

MERS patients 
● Suspected and 

confirmed MERS 
patients placed 
in isolation 
rooms 

● Use of PPE by 
HCW 

● Dialysis shifts 
Non-essential but 
useful measures: 
● Implementation 

of Ministry of 
Health infection 
control 
guidelines 

 

78 persons acquired 
MERS-CoV: 
Patients (n = 53), 
HCW (n = 16), and 
visitors (n = 9). 
The outbreak at 
KFGH decreased 
sharply after week 7, 
following IPC 
improvements in the 
ED in week 6. In week 
8, infection control 
was improved in the 
dialysis unit and a 
MERS unit was set up 
in a separate 
building. 
Essential effective 
measures: 
● Physical separation 

of MERS patients 
and isolation in a 
different building 

● Infection control 
precautions. 

All these measures 
might have led to 
reduced transmission 
of MERS-CoV. 
Most of the MERS 
cases outlined above 
were identified before 
IPC measures were 
implemented. 
However, it is not 
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clear why the hospital 
was slow in 
implementing the 
infection control 
measures. 
Non-essential but 
useful measures: 
Vigilance and 
continued adherence 
to infection control 
measures 

Middle East 
respiratory 
syndrome 
coronavirus 
transmission 
among health care 
workers: 
Implications for 
infection control. 

Alfaraj et al. 
(2017)22 

HCW (n = 153) 
at Prince 
Mohamed Bin 
Abdulaziz 
Hospital 
(PMAH), Saudi 
Arabia. 
Population 
demographics 
not provided. 

Investigation of 
MERS outbreak 
among HCW, 
including 
transmission 
pattern and contact 
tracing. 

Descriptive 
study 

Study was 
conducted for a 
period of approx. 
70 days. 
Essential effective 
measures: 
● Comprehensive 

contact tracing 
Quarantining 
suspected 
individuals 

A total of seven cases 
were found positive 
for MERS (3 from the 
index case; 1 from 
each of the four 
successive 
quarantines). 
Although contact 
tracing is a difficult 
activity due to the 
complexity of HCWs’ 
interactions with 
patients and other 
people, the 
transmission of MERS 
could be traced over 
four generations and 
contained. 

Control of an 
outbreak of 
Middle East 
respiratory 
syndrome in a 
tertiary hospital 
in Korea 

Park et al. 
(2016)23 

MERS patients 
(n = 92); 
exposed 
persons (n = 
9,793; HCW, 
visitors, 
security guards, 

To describe the 
response to a 
MERS outbreak in 
a tertiary hospital, 
the outbreak’s 
timeline, and 

Descriptive 
study 

Study period was 
approx. two 
months (May to 
July 2015). 
Essential effective 
measures: 

Of the 18 hospitalised 
persons under 
quarantine in phase 0, 
none acquired MERS-
CoV. This was a 
strong indicator of the 
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transport 
workers, 
cleaners). 
Study 
undertaken in a 
tertiary hospital 
in Korea. 

efforts to control 
it. 

● Rapid contact 
tracing of 
patients and staff 
exposed to 
MERS-CoV 

● Isolation of those 
with close 
contact 

● Active 
monitoring of 
those suspected 
to have had close 
contact 

Non-essential but 
useful measures: 
● Asking those 

suspected of 
close contact to 
remain 
quarantined at 
home 

 

success of the control 
measures used. 
In phase 1, 278 
people were placed 
under quarantine with 
617 others being 
closely monitored. 
From this number, 82 
people were infected 
with MERS-CoV. 
These infections can 
be linked to a three-
day delay in 
identifying the index 
secondary patient. 
In phase 2, a hospital 
patient transporter, 
who had been 
exposed to the 
secondary patient and 
had been omitted 
from the 
abovementioned 
contact tracing, was 
subsequently 
confirmed to have 
MERS. Contact 
tracing was 
performed, which led 
to 587 persons being 
quarantined and 
4,988 being placed 
under active 
monitoring. However, 
none of these cases 
acquired MERS-CoV. 
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The transporter 
always wore standard 
medical masks and 
this might have 
prevented cross- 
infection. 
Another patient, a 
security guard who 
was exposed to the 
secondary patient, 
was found to have 
MERS. This patient 
infected 3 HCW. All 
HCW (n = 591) were 
subsequently screened 
and 3 found to be 
asymptomatically 
infected. The HCW 
acquired MERS 
despite using PPE 
and this suggests that 
one control measure 
is not enough to 
prevent MERS-CoV 
transmission. 
Essential effective 
measures: 
● Early detection 
● Immediate contact 

tracing 
● Isolation 
● Avoidance of delays 
● PPE (e.g.: masks) 
Combination of 
effective control 
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Table 3. Appraisal of The Evidence Presented in The Various Studies 
 

Critical Appraisal 

Appraisal Tool (Briggs, 2013)24 Quality of Evidence 

Descriptive design Weak 
Descriptive design Weak 
Descriptive design Weak 
Descriptive design Weak 
Descriptive design Weak 
Observational design Weak 
Observational design Weak 
Observational design Weak 
Observational design Weak 
Report Weak 

 
 

Table 4. Appraisal of Basic Intervention Effectiveness 
 

Intervention Type Alone No. of Studies Using It Effectiveness 

Hand hygiene Nil N/A 
Patient isolation (in standard rooms and in negative pressure rooms) Nil N/A 
Personal protective equipment (PPE) such as face masks Nil N/A 

Intervention Type Combined % of Studies Using It Effectiveness 

Hand hygiene (combined with other measures) 50% Moderate 
Patient isolation (combined with other measures) 80% High 

measures and 
protocols 
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PPE (combined with other measures) 90% High 

 
 

Table 5. Appraisal of Administrative Interventions 
 

Intervention Type Alone % of Studies Using It Effectiveness 

All 0% N/A 

Intervention Type Combined % of Studies Using It Effectiveness 

HCW training 40% High 
Clinical triage 30% Moderate 
Contact tracing 30% Moderate 
Surveillance 30% Moderate 
Visitor control 30% Moderate 
IPC guidelines 30% Moderate 
IDEP 20% Low 
Suspension of surgeries 20% Low 
ED closure 20% Low 
Cleanliness 20% Low 
Outpatient service 10% Low 
Establishment of command centre 10% Low 
ED contingency plan 10% Low 
RRT visits 10% Low 

 
 

Table 6. Appraisal of the Effectiveness of Healthcare Interventions 
 

Intervention Type Alone % of Studies Using It Effectiveness 

Taking nasopharyngeal swabs 20% Low 
Isolating MERS patients in negative pressure rooms 20% Low 
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Environmental and quipment hygiene 10% Low 
Closing the ED 10% Low 

Intervention Type Combined % of Studies Using Effectiveness 

Taking nasopharyngeal swabs combined with isolating MERS patients in negative pressure rooms 60% Moderate 
Environmental and equipment hygiene combined with closing the ED 50% Moderate 
All interventions combined 90% High 

 
 

Appendix 1. Search Strategy and Results 

PubMed Database Search 

Date Search Terms Search Results 
(Hits) 

Retrieved 
Articles 

14/01/2018 "MERS-CoV" AND "control" AND "hospital" 127 2 
14/01/2018 "response" AND "MERS" AND "outbreak" AND "hospital" 18 5 
14/01/2018 Middle east respiratory syndrome exposed hospital Saudi Arabia 8 2 
14/01/2018 "health care workers" AND "hospital" AND "MERS" AND "outbreaks" AND "Saudi 

Arabia" 
5 4 

14/01/2018 "effectiveness" AND "control" AND "Middle East respiratory syndrome-coronavirus" 12 6 
14/01/2018 "nursing" AND "response" AND "MERS-CoV" AND "infection" 1 1 
14/01/2018 "MERS" AND "hospital" AND "outbreak" AND "prevention and control" 33 7 
15/01/2018 "prevention" AND "MERS" AND "transmission" AND "outbreak" 49 9 
15/01/2018 "critical care" AND "MERS" AND "infection control" 9 3 
15/01/2018 "critical response" AND "MERS" 0 0 
15/01/2018 "hand hygiene" AND "Middle east respiratory syndrome" 9 4 
 Total 271 43 
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ScienceDirect Database Search 

Date Search Terms Search Results 
(Hits) 

Retrieved 
Articles 

15/01/2018 "infection control and prevention" AND "Middle East respiratory syndrome" 24 8 
15/01/2018 "infection prevention and control" AND "Middle East respiratory syndrome" 79 16 
15/01/2018 "outbreak" AND "Middle East respiratory syndrome corona virus" AND "Saudi 

Arabia" 
254 17 

15/01/2018 "hand hygiene" AND "MERS" AND "outbreak" 132 12 
15/01/2018 "patient isolation" AND "MERS" AND "outbreak" 24 1 
15/01/2018 "disaster planning" AND "MERS" 43 1 
15/01/2018 "critical care" AND "MERS" 631 2 
16/01/2018 Infectious Disease Epidemic Plan hospital MERS 545 3 
16/01/2018 "personal protective equipment" AND "Middle East respiratory syndrome" AND 

"hospital" 
116 15 

 Total 1848 75 

 

BioMed Central Database Search 

Date Search Terms Search Results (Hits) Retrieved Articles 

16/01/2018 "control" AND "Middle East respiratory syndrome" 123 8 
16/01/2018 "infection prevention and control" AND "Middle East respiratory syndrome" 14 4 
16/01/2018 "management" AND "Middle East respiratory syndrome" AND "outbreak" 53 5 
16/01/2018 "critical care" AND "Middle East respiratory syndrome" AND "outbreak" 10 3 
16/01/2018 "prevention" AND "transmission" AND "Middle East respiratory syndrome" 56 5 
16/01/2018 "response" AND "hospital" AND "Middle East respiratory syndrome" 51 4 
16/01/2018 "hygiene protective equipment MERS" 12 3 
16/01/2018 disaster planning MERS 11 1 
16/01/2018 Total 330 33 
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Taylor & Francis Online Database Search 

Date Search Terms Search Results (Hits) Retrieved Articles 

16/01/2018 "control" AND "transmission" AND "MERS-CoV" 51 5 
16/01/2018 "infection control" AND "hospital" AND "MERS-CoV" 13 6 
16/01/2018 "critical care" AND "MERS-CoV" 0 0 
16/01/2018 "hand hygiene" AND "MERS-CoV" 6 2 
 Total 70 13 

 

Sage Journals Database Search 

Date Search Terms Search Results (Hits) Retrieved Articles 

16/01/2018 Middle East respiratory syndrome coronavirus 87 4 
 Total 87 4 

 

CDC (Centers for Disease Control and Prevention) Search 

Date Search Terms Search Results (Hits) Retrieved Articles 

16/01/2018 Outbreak Middle East respiratory syndrome hospital Saudi Arabia 460 6 
 Total 460 6 

 

WHO (World Health Organization) Search 

Date Search Terms Search Results (Hits) Retrieved Articles 
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16/01/2018 control Middle East respiratory syndrome outbreak 3 0 
 Total 3 0 

 

Ministry of Health (Kingdom of Saudi Arabia) Search 

Date Search Terms Search Results (Hits) Retrieved Articles 

16/01/2018 infection control Middle East respiratory syndrome 90 3 

 Total 90 3 

 
 


