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ABSTRACT ARTICLE HISTORY

Poor indoor air quality in healthcare settings has been tied with the increase Received 16 December 2021
in hospital-acquired infections. Thus, this systematic review was conducted Accepted 23 May 2022

to assess the levels and compositions of bacteria in indoor hospital air in the KEYWORDS

Middle East and North Africa (MVENA) region. We examined results provided Airborne; bacteria;

by different search engines published between 2000 and 2021. Our data healthcare settings; hospital;
showed that most studies were conducted in Iran (80.9%) with a bacterial indoor air; MENA region; air
concentration mean of 172.9 CFU/m>. Comparing sensitive and non- contamination

sensitive areas of hospitals, no significant difference was detected in the

mean bacterial concentration. The most investigated sensitive hospital

areas were operating rooms and intensive care units with mean indoor

bacterial concentrations of 180.3 CFU/m3 and 204.6 CFU/m>, respectively.

Staphylococcaceae, Enterobacteriaceae, Pseudomonadaceae, and Bacillaceae

were commonly identified bacterial families. In conclusion, the mean con-

centrations of the airborne bacteria were within the acceptable limit com-

pared to WHO standards (300 CFU/m?) for the air in areas occupied by

immunosuppressed people.

Introduction

The dynamic environment of healthcare settings is crucial and requires attention to ensure healthy
indoor air quality (IAQ) to minimize health risks for patients and healthcare workers (Cabo Verde
et al. 2015; Farraia et al. 2019). Several studies have been carried out worldwide on airborne microbes
in various districts and indoor settings (Nunes et al. 2005; Jayaprakash et al. 2017; Horve et al. 2020;
Abu Rub et al. 2021; Nguyen et al. 2021; Monteiro et al. 2021). In hospitals and healthcare settings,
infection control precautions are implemented to prevent the transmission of hospital-acquired
infection (HAI) and other communicable diseases (Stockwell et al. 2019). These include in-depth
cleaning strategies, use of hygiene protocols, and high-technology mechanical ventilation systems
that remove potential pathogenic bioaerosols from indoor air; thereby, lowering the spread of
infections (Siegel et al. 2007; Carling et al. 2010; Gao et al. 2016; Monteiro and Cabo Verde 2017).
Although healthcare settings have focused on maintaining pure IAQ through the employment of
infection control precautions the measures are applicable only for a few infections, such as measles
and tuberculosis (Bloch et al. 1985; Dharmadhikari et al. 2012). Nevertheless, evidence for the
emergence of other infections in the indoor air of hospitals has been reported, including
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staphylococci, bacilli, and clostridia spores (Best et al. 2010; Hayleeyesus and Manaye 2014; Kunwar
et al. 2019). Methicillin-resistant Staphylococcus aureus (MRSA) and gentamicin-resistant Gram-
negative bacteria are also reported in recent studies to cause serious illnesses (Hara et al. 2016;
Kunwar et al. 2019). Airborne pathogens found indoors are often generated from human or non-
human sources or triggered by the surrounding outdoor factors (Srikanth et al. 2008; Kunwar et al.
2019; Stockwell et al. 2019).

Bioaerosols are commonly collected using active or passive air sampling techniques with
active sampling devices involving a mechanical component (impingers, cyclones, impactors,
and filters) (Haig et al. 2016). Active air sampling of bioaerosols offers more advantages than
passive techniques but requires special equipment and trained staff (Kummer and Thiel 2008;
Wu et al. 2020). Active sampling techniques provide qualitative and quantitative data which
accurately detect bioaerosols even with low concentrations and are considered beneficial for
research despite the expenses that deter their use (Taha et al. 2006; Haig et al. 2016). Active
air samplers generally draw in a specific air volume over a set time, allowing for the standard
measurement of colony-forming unit per cubic meter (CFU/m?) (Sandle 2010; Bonifait et al.
2015).

The persistence of airborne bacteria in hospitals and healthcare settings is a proliferating
infection control problem that remains relatively understudied (Nunes et al. 2005; Stauning et al.
2020; Abera et al. 2021). Data on bacterial concentration is limited, with many studies focusing on
outdoor air. Moreover, studies on indoor exposure levels are present, yet few studies focus on the
Middle East and North Africa (MENA) region (Ekhaise et al. 2008; Chen et al. 2021). Hence,
a systematic review of the available literature on the MENA region may help identify the data gap on
the airborne bacterial concentration in hospitals within the region.

The consequent review may unify the assessment of airborne bacterial concentration in the
indoor air of MENA region hospitals and healthcare settings. The main objectives extended to:

(1) Identifying the concentration distribution of airborne bacteria in different hospitals and
healthcare settings of the MENA countries.

(2) Comparing the indoor bacterial concentrations between different locations :sensitive (all
non-public areas in the hospital, e.g. patient room and treatment room) and non-sensitive
within hospitals and healthcare settings.

(3) Assessing the commonly used methodologies for airborne bacteria detection in MENA
countries.

(4) Examining the legislated standards and guidelines for IAQ.

(5) Summarizing the dominant family of airborne bacteria presents in indoor hospitals of the
MENA region.

Materials and methods

This systematic review was conducted based on PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-Analyses) guidelines for systematic reviews (Moher et al. 2009) to assess the

concentration levels and species of indoor air bacteria in the healthcare settings of the MENA region.
Research questions were:

(1) What are the bacterial concentration levels and species recovered from indoor hospitals air
in the MENA region?

(2) What are the most used techniques for active air sampling?

(3) Do healthcare governments of MENA countries establish any standards for the indoor air of
healthcare environments?
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Search criteria

A literature search was accomplished through PubMed, SCOPUS, and Web of Science databases
for studies published in the English language. Additional articles were included following
searching google scholar search engine. The search covered all literature within the databases
from 2000 up to 20 June 2021 (21 century only), using the keywords of “Bacteria”, “Indoor,” and
“Air.” All keywords were queried with each country’s name of the MENA region. The countries
considered as part of the MENA region in this review were: Algeria, Bahrain, Djibouti, Egypt,
Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Palestine, Qatar, Saudi
Arabia, Sudan, Syria, Tunisia, United Arab Emirates, and Yemen. Moreover, the names of the
countries, the terms “west bank”, “Gaza”, “UAE”, “United Arab Emirates”, “Emirates”, “KSA”,
“Middle East”, “North Africa”, and “MENA” were used to account for alternate names and ensure
complete coverage of the region.

The included research databases were searched by filtering out books, reviews, and commen-
taries. All recovered citations were imported into Zotero, and duplicates were removed using the
Zotero built-in “Find Duplicates” feature. Lastly, the titles and abstracts of the remaining citations
were screened to eliminate any irrelevant articles.

Inclusion criteria

All references were initially screened and evaluated based on title and abstract. The study selection
was according to the following criteria: 1) studies published (in English) between January 2000 and
June 2021; 2) studies should be conducted in indoor healthcare settings in the MENA region; 3)
studies must include quantitative bacteria data using the standard bioaerosol measurement units
(CFU/m3); and 4) samples collected only from the air

Exclusion criteria

The exclusion criteria were specified as follows: 1) Not an original research study that inspects
indoor bacteria (i.e. review, chapter in a book, short communications, conference); 2) studies with
no quantitative indoor bacteria; 3) collected samples are not air samples such as dust; 4) studies
conducted in a location other than health settings; 5) studies not conducted in MENA region; 6)
studies investigated specific bacterial species to avoid the bias and 7) studies that didn’t utilize the
standards way of expressing microbial concentrations in air as colony-forming units (CFU)
per m’.

Study selection

Initial screening of titles and abstracts search was conducted by the authors (LA) and (AJ) for the
databases, who identified studies that met all inclusion criteria and none of the exclusion criteria.
All full-text studies meeting the initial criteria were then reviewed by the author (LA) for final
inclusion in the review. The author (A]) went through all selected studies for duplicate screening for
eligibility and quality assurance. Any disagreements were reviewed independently by another
author who had not participated in the screening (HA).

Data extraction

The author (LA) extracted data from included studies using a data collection form. The data
collection was with the following variables: country of study; healthcare facility; airborne bacteria
level (CFU/m3); identified bacteria; possible source of the bacteria in the air, and standards for
indoor airborne bacteria levels (Table S1).
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Statistical analysis

The data were analyzed with (R) program version 4.1.0 (R Core Team 2011) using the mean CFU/
m’. Meta-analysis was not performed due to the frequent lack of information on the sample size.
The locations were divided into sensitive and non-sensitive s. Sensitive areas house critical,
immunocompromised, or immunosuppressed patients where air contamination would pose
a significantly higher risk. These include intensive care units (ICUs), operation rooms (ORs),
burn patient wards, isolation wards, infectious diseases wards, transplant wards, and hematoncol-
ogy wards. The non-sensitive areas include all other sections of the hospital. The difference in CFU/
m’ between the sensitive and non-sensitive areas was assessed using a student ¢-test and an analysis
of variance (ANOVA) was performed to assess the differences between the sensitive areas (i.e. ICU,
OR, and patient wards). A p-value <0.05 was considered significant. All plots were generated using
the ggplot2 version 3.3.3 and ggpubr version 0.4.0 packages in R (Wickham 2016; Kassambara
2020).

Results
Article selection

According to the inclusion and exclusion criteria mentioned in the methodologies section, a total of
630 related articles were found after the initial literature search (Figure 1). Nevertheless, 490 articles
were excluded. Only 140 articles were full-text assessed and reviewed after eligibility screening, and
of that, 119 articles were excluded. The mean of CFU/m” data was extracted from 21 articles eligible
to be included in our study. Likewise, we collected any data on the country, duration, year of testing,
air sampling location, identified bacteria, source of air contamination, and the legislated standards
for IAQ if available for each country. The characteristics of the 21 articles are reported in Table S1.
There were 135 valid CFU/m’ values available for analysis. Mean CFU/m” values were given for that
data points (21 studies).

Records Identified From:
S SCOPUS (n =379) .
= PubMed (n = 133) Records removed before screening:
é Web of Science (n = 90) Duplicate records (n = 115)
é Google Scholar (n = 28)
o
£
g v
S Records screened o l>Records after screening the title and abstract
(n=515) g (n=375)
Y Articles excluded:
Not a study on indoor bacteria (n=11)
2 Full-text articles screened No quantification mentioned (n = 7)
% (n = 140) Not air samples (n = 20)
) Not in a healthcare setting (n = 49)
[ Not in the MENA region (n=7)
Studying a specefic bacterial species only (n=11)
The CFU/m3 is not calculated (n = 14)
A
® Studies included in the quantitative analysis
k=3
3 (n=21)
v
£

Figure 1. Preferred reporting items for systematic reviews flowchart for selection of studies. N; represents the number of studies.
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This systematic review provides an in-depth analysis of hospital indoor bacterial contamination
from 2002 to 2021, according to the geographic location of the MENA region country. Few studies
were done in this region that met our searching criteria and they were as follows: Iran, Egypt,
Jordan, Palestine, and Yemen (Table S1). The most reported studies were conducted in Iran with
80.9% and all other countries representing 19.1%. All studies were conducted in hospitals (42
hospitals), and none were conducted in primary healthcare settings. The sample collection period in
the studies ranged from 10days to one year. The typical air sampling methodologies used in the
studies included in this review were impaction, impingements, and filtration, with a percentage of
71.43%, 19.05%, 4.86%, respectively. In addition, 4.76%.of the studies did not report the air sample
collection method used. Moreover, the primary source of the contamination was hypothesized to be
humans.

Total indoor bacterial concentraions

The distributions of indoor airborne bacteria concentrations in hospitals and healthcare settings are
shown in Figures 2-4. The concentration levels in the figures are generated using average airborne
bacterial levels (CFU/m?) (Table S1) in testing areas. Airborne bacterial concentrations in the
included studies were classified according to the original country of the conducted studies and
categorized based on the sensitivity of the tested areas (Table S1). Sensitive areas were defined as
hospital areas with restricted access and/or requiring the wearing of personal protective equipment,
such as the operating rooms (Ors) and intensive care units (ICUs), emergency department (ED), and
hematoncology wards (Stockwell et al. 2019). In contrast, non-sensitive areas were all other publicly
accessible areas, such as the computed tomography (CT) scan room, reception, and admission.

Total indoor bacterial concentrations based on countries

Most of the included studies were conducted in Iran with an indoor bacterial concentration median
of 75.35CFU/m> and a mean of 194.37+261.73CFU/m> and ranged between (7.80-1194 CFU/m’).
The total indoor bacterial concentration in Egypt had a median of 226.72CFU/m® and a mean of
264.97+225.04 CFU/m? and ranged between (62.41-639.9 CFU/m?), Jordan had a median of 109.8
CFU/m® and a mean of 117.27+61.19 CFU/m>) and ranged between (29.3-212.3 CFU/m?),
Palestine had a median of 780 CFU/m’ and a mean of 780 CFU/m’ , and Yemen had a median
of 640 CFU/m? and a mean of 726.66+426.65 CFU/m> and ranged between (350-1190 CFU/m?)
(Figure 2). A comparison of the median and mean concentration data between the countries cannot
be made since the number of tested areas in all countries (Egypt; n=6, Jordan; n=10, Palestine; n=1
and Yemen; n=3) is low compared to Iran (n=114). Therefore, the data might not necessarily be
reflective of real differences.

Total indoor bacterial concentrations in sensitive and non-sensitive areas in healthcare settings
The median and mean total indoor bacterial concentration in sensitive areas were 91.30 CFU/m’
and 175.28+208.55 CFU/m’, respectively, and ranged between (7.80-700 CFU/m*). While in non-
sensitive areas, the mean and median were 88 CFU/m” and 239 CFU/m’, respectively, and ranged
between (11.10-1194 CFU/m?). To be more specific, most of the data for sensitive areas fell in the
range 23.95- 239CFU/m’, while for non-sensitive zones, it was 32- 337CFU/m’ (Figure 3).
According to the t-test, there was no significant difference between the mean airborne bacterial
concentrations in sensitive and non-sensitive areas (P > 0.05).

Total indoor bacterial concentrations within different sensitive areas in healthcare settings

The sub-analyses of sensitive areas involved a range of clinical settings. The most studied sensitive
hospital areas were ORs and ICUs with indoor bacterial concentrations (92 median CFU/m’, 180.3
mean+221.34 CFU/m®) and (127 median CFU/m’, 204.63+221.75 mean CFU/m?) respectively
(Figure 4). The highest indoor bacterial concentration was found in the immunosuppressed patient’s
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Figure 2. The distribution of bacterial concentrations in the indoor air of healthcare settings in the MENA region by country.
N represents the number of distinct sub-locations. Box frames represent the upper quartile and lower quartile. The long line
represents the median, and the dots denote outliers.

ward (median 323 CFU/m>, mean 323230.51 CFU/m?>). The lowest was in the isolation ward (median
13.2 CFU/m?, mean 14.66.25 CFU/m?). Also, burns ward recorded a high concentration (200 median
CFU/m?, 195.10 mean+101.43 CFU/m?>). One-way analysis of variance (ANOVA) was carried out to
examine significant differences between the mean concentrations of the sensitive locations, and there
was no significant difference between the means (P.05, ANOVA).

Bacterial composition

Of the 21 included studies, 18 identified the bacteria after measuring the air quality (Table S1 and
Figure 5). The most common bacteria found in the air samples belonged to the family
Staphylococcaceae (15/18 studies, 83.33%), followed by Enterobacteriaceae (10/18 studies, 55.56%),
Pseudomonadaceae (10/15 studies, 55.56%), and Bacillaceae (9/18 studies, 50%). Three of the studies
(27.78%) reported the presence of Gram-positive or Gram-negative bacteria without identification.
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Figure 3. The distribution of bacterial concentrations in the indoor air of healthcare settings in the MENA region is based on the
sensitivity of the hospital’s locations. The locations were classified into sensitive and non-sensitive. N represents distinct sub-
locations. Box frames represent the upper quartile and lower quartile. The long line represents the median, and the dots denote
outliers.

Discussion

Clean and fresh air is a vital requirement for healthy IAQ in all buildings, specifically hospitals and
other healthcare settings. This concern has increased recently after the COVID-19 breakout. Hence,
our study focused on reviewing the published articles on indoor bacterial concentration in health-
care settings of the MENA region and discussing the indoor air situation.

Based on our analysis, Iran is the country with the highest number of published articles. It
showed great interest and dedication to diverse health sector research related to IAQ. Additionally,
our study’s results revealed that Iran was the only country among the included studies which
adopted guidelines and followed standards for IAQ. These guidelines are mainly from the West and
include the Centers for Disease Control and Prevention (CDC), the Healthcare Infection Control
Practices Advisory Committee (HICPAC), and the National Institute for Occupational Safety and
Health (NIOSH) for the IAQ (Dehghani et al. 2018). The other countries within the included
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Figure 4. The distribution of bacterial concentrations in the indoor air of healthcare settings in the MENA by sensitive sub-
locations. N represents the number of distinct sub-locations. Box frames represent the upper quartile and lower quartile. The long
line represents the median, and the dots denote outliers.

articles in the study (Yemen, Palestine, Egypt, and Jordan) were noted to have few publications
related to JAQ that met our criteria. This might be attributed to the past few years’” political or
economic situations in such countries, which limited their research capability, thereby; resulting in
a lower number of research publications.

In terms of measuring the levels of airborne bacterial concentration, several distinct methodol-
ogies are used. These can be divided into four groups; the concentration of colony-forming units
per cubic meter of air (CFU/m?) (Active); the concentration of colony-forming units (CFU) on
settle plates (Passive); measurement of a chemical component of the microbial (cells/m?) of air; and
the count under the microscope (Pasquarella et al. 2000). For the active methodology, specific active
air samplers are used to collect a known volume of air blown onto a collection medium by different
techniques (Melymuk et al. 2016). Of these active air samplers, the most known and available are
impingers, impactors, and filtration samplers (Melymuk et al. 2016). Active sampling is the most
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Figure 5. A. The identified airborne bacterial families amongst the included studies. Each bar represents the number of studies,
and the bacterial family was reported. Most studies were from Iran (n=14), while the other countries (Egypt, Jordan, Palestine,
and Yemen) had one study each. One study in each of Iran and Jordan had bacterial colonies that were not identified. Other
includes bacterial families that were reported in one study only (Alcaligenaceae, Brevibacteriaceae, Caulobacteriaceae,
Comamonadaceae, Deinococcaceae, Lactobacillaceae, ~Microbacteriaceae, Nocardiaceae, Streptomycetaceae, and
Xanthomondaceae).

effective method of quantifying airborne microbes when the concentration is not very high, like in
operating rooms and other controlled environments of hospitals (Napoli et al. 2012; Fu Shaw et al.
2018). According to our inclusion criteria, only active samplers were used in the included studies.

On the one hand, the results of our review revealed that impaction sampling of air was the most
used among the included studies, followed by impingement and filtration sampling techniques.
This is due to its ability to directly collect microorganisms onto solid or semisolid surfaces such as
an agar growth medium without the need for post-collection sample processing (Yao and Mainelis
2006; Yan et al. 2010). Verhoeft et al. conducted a comparison study between commercially different
air bio-samplers available for research. The results showed that the Anderson impactor provides the
highest yield in CFU/m’, resulting in a successful technique with few limitations (Verhoeff et al.
1990).
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The TIAQ in the sensitive areas of healthcare facilities requires a higher degree of standards than
in other areas. The results of our review showed a comparable bacterial concentration infrequent
studied sensitive areas (ICU and OR) with medians of 127 and 92 CFU/m’, respectively, which are
in the acceptable range of recommended levels by the World Health Organization (WHO) for those
people with a suppressed immune system (100 CFU/m?) (Bargard et al. 2021, p. 1). On the other
hand, the observed highest CFU levels were found in the wards of immunosuppressed patients in
two studies only, which was considered atypical since it was reported in those studies only.

According to the included countries, the highest concentrations of airborne bacterial was
recorded in Yemen. It exceeded therecommended levels by the WHO, which suggested that the
microbial load in work environments should not exceed 300 CFU/m’ and for immunocompro-
mised people should not exceed 100 CFU/m’ as mentioned earlier (Gizaw et al. 2016; Dehghani
et al. 2018). The airborne bacterial concentrations for the sensitive locations (ICUs, burns wards,
immunosuppressed patients wards, and ORs) exceeded the recommended levels by WHO.

Unfortunately, no uniform international standard is available on the acceptable range of bacteria
in indoor air (Fekadu and Getachewu 2015). Every country is followings its own preferred standard,
resulting in a wide range of proposed values for acceptable maximum bacterial concentration. For
instance, the maximum limit recommended for the total number of indoor bioaerosol particles by
the National Institute of Occupational Safety and Health (NIOSH) is 1000 CFU/m’ (Yassin and
Almougqatea 2010; Dehghani et al. 2018). The value recommended by the American Conference of
Governmental Industrial Hygienists (ACGIH) is 500 CFU/m’ (Yassin and Almouqatea 2010;
Dehghani et al. 2018). Also, the sanitary standards of the European Commission for non-
industrial premises consider less than 50 CFU/m’ as “very low” bacterial loads, 50-100 CFU/m’
as ‘low’, 100-500 CFU/m” as ‘intermediate’, 500-2000 CFU/m" as ‘high” and above 2000 CFU/m” as
‘very high’ load (Landry et al. 2018). Worth notably, the only MENA country that adapted IAQ
standards is Iran. As mentioned previously, the other countries of the included studies do not have
a clear standard for bacterial loads in indoor air.

Both hospitals’ sensitive and non-sensitive areas were found to have similar total indoor bacterial
concentrations with no significant differences. This result was quite surprising, especially when
considering the vast differences in the operating conditions and circumstances of these locations in
the hospitals. Nevertheless, a possible reason for this comparable result could be the general
busyness caused by the patients and healthcare staff in the sensitive areas of the hospitals
(Stockwell et al. 2019).

Most identified bacteria in the included studies: are Staphylococcaceae, Enterobacteriaceae,
Pseudomonadaceae and Bacillaceae, which are typically commensal organisms in humans or
environmental (Brown et al. 2012). Nevertheless, these organisms are opportunistic pathogens
and may threaten hospitalized patients as they are associated with various HAIs. They are not
thought of as airborne. However, their concentration in the air could potentially increase the risk
through depositing on critical surfaces, as has been previously shown for Staphylococcus aureus
(Kozajda et al. 2019). Frias-De Ledn, studied the types and abundance of airborne bacteria of two
health institutions and found that most frequently isolated genera were Staphylococcus and Bacillus
(Ledn MG et al. 2016). Similar results were also found in Moussa study which they found that
Staphylococcus aureus was the most frequent bacterial contaminant, followed by E. coli and
P. aeruginosa (Moussa et al. 2020).

Staphylococcaceae is one of the significant pathogenic organisms occupying the health care
environment and could cause a serious public health issue espically when it acquires a resistance
genes such as methicillin-resistance (mecA genes) which causes hospital and community-acquired
infections, resulting in serious consequences (Lakhundi and Zhang 2018; Taylor and Unakal 2022).
Like wise, Enterobacteriaceae and Pseudomonadaceae are a very common pathogenic bacterial
families and usually spread in the health care settings between health workers and their patients
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(Moussa et al. 2020). Bacillaceae are highly spread in nature and can be isolated from most
environments, some of its species can be considered as a high risk to public health (EFSA Panel
on Biological Hazards (BIOHAZ) 2016)

Limitations

Based on our data, this systematic review was the first to assess the indoor bacterial concentration
and composition of hospitals and healthcare settings’ air in countries of the MENA region.
However, we challenged a few limitations. One of the significant obstacles faced was the inability
to perform a meta-analysis due to the frequent lack of information on the sample size in most
included studies. In addition, the standard way of expressing the bacterial concentration (CFU/
m’) in the air was not followed and not reported in most of the published studies. Consequently,
this led to the exclusion of the data detected by the passive air sampling method and quantitative
polymerase chain reaction, and hence reducing the number of studies that could be eligible
according to our inclusion criteria. Another major limitation is the insufficient availability of
primary data that is important and required for analyzing this review. To be more specific, some
studies failed in detailing the bacterial concentration and composition in the indoor air of
hospitals and healthcare settings. Besides, there was an inconsistent reporting of the bacterial
concentration among the included studies. However, no modifications were made for sample size
and reported values of the bacterial concentration. Consequently, the mean may be CFU/m’
biased.

Conclusions

This review aims to provide a comprehensive summary of the existing knowledge on bacterial
concentrations in the indoor air of hospitals and healthcare settings in MENA region countries. As
well as analyzing the associated bacterial compositions. The results exceeded the WHO recom-
mended levels of airborne bacteria in the indoor locations and sensitive locations that has immu-
nocompromised patients. The most abundant bacterial families were Staphylococcaceae,
Enterobacteriaceae, Pseudomonadaceae, and Bacillaceae, which can put the immunosuppressed
patients at high risk. This study also revealed that the most active air sampling technique was
impaction and is considered one of the best-recommended air sampling techniques. Moreover, our
study unveiled that Iran was the only country that adopted an international IAQ standard among all
MENA region countries.

Recommendations

IAQ is a vast and extensive topic in which any single variable could impact the overall performance
of air in indoor environments. Most countries of the MENA region showed a distinct interest in that
issue in the studied years. Hence, further efforts should be made by countries of the MENA region
to investigate the presence of bacterial concentrations in hospitals and especially to understand their
potential pathogenicity to prevent HAI transmission.

We recommend the scientific community investigate the issue further, understand the threat,
and propose efficient solutions that guarantee the protection of people. Specifically, an international
standard should unify the recommended levels of bacterial loads in indoor air environments,
especially in hospitals and healthcare settings. In addition, scientists must follow standardized
methodologies to express bacterial air contamination (CFU/m?). Therefore, making it easier for
researchers worldwide to compare their results with others and in compliance with the interna-
tional standards.
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Our data highlights the importance of a routine bacterial contamination assessment in Primary
Health Care Centers, using the standard active sampling techniques. This will help in controlling
the risk that is exposed to the patients and healthcare workers. Supplementary Materials: Table S1:
Detailed characteristics of the 21 studies included in the review.
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