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Simple Summary: The incidence and developing status of multidrug-resistant bacteria and fungi,
as well as their related mortality, is reviewed by a systematic published literature search from nine
countries in the Arabian Peninsula. In order to analyse the emerging status and mortality, a total
of 382 research articles were selected from a comprehensive screening of 1705 papers. More than
850 deaths reported since 2010 in the Arabian Peninsula due to the infection of multidrug-resistant
bacteria and fungi. Multidrug-resistant bacteria Acinetobacter baumannii, Mycobacterium tuberculosis,
Staphylococcus aureus, and fungi Candida auris are the most prevalent and causing high deaths.
To control these infections and associated deaths in the Arabian Peninsula, continuous preventive
measures, accurate methods for early diagnosis of infection, active surveillance, constant monitoring,
developing vaccines, eradicating multidrug resistance modulators, and data sharing among countries
are required.

Abstract: We aimed to identify the prevalence and emerging status of multidrug-resistant bacteria
and fungi and their associated mortality in nine countries in the Arabian Peninsula. Original research
articles and case studies regarding multidrug-resistant bacteria and fungi in the Arabian Peninsula,
published during the last 10 years, were retrieved from PubMed and Scopus. A total of 382 studies
were included as per the inclusion and exclusion criteria, as well as the PRISMA guidelines, from a
thorough screening of 1705 articles, in order to analyse the emerging status and mortality. The emerg-
ing nature of >120 multidrug-resistant (MDR) bacteria and fungi in the Arabian Peninsula is a serious
concern that requires continuous monitoring and immediate preventive measures. More than 50%
(n = 453) of multidrug-resistant, microbe-associated mortality (1 = 871) in the Arabian Peninsula was
due to MDR Acinetobacter baumannii, Mycobacterium tuberculosis and Staphylococcus aureus infection.
Overall, a 16.51% mortality was reported among MDR-infected patients in the Arabian Peninsula
from the 382 articles of this registered systematic review. MDR A. baumannii (5600 isolates) prevailed
in all the nine countries of the Arabian Peninsula and was one of the fastest emerging MDR bacteria
with the highest mortality (1 = 210). A total of 13,087 Mycobacterium tuberculosis isolates were reported
in the region. Candida auris (580 strains) is the most prevalent among the MDR fungal pathogen
in the Arabian Peninsula, having caused 54 mortalities. Active surveillance, constant monitoring,
the development of a candidate vaccine, an early diagnosis of MDR infection, the elimination of
multidrug resistance modulators and uninterrupted preventive measures with enhanced data sharing
are mandatory to control MDR infection and associated diseases of the Arabian Peninsula. Accurate
and rapid detection methods are needed to differentiate MDR strain from other strains of the species.
This review summarises the logical relation, prevalence, emerging status and associated mortality of
MDR microbes in the Arabian Peninsula.
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1. Purpose and Methods

This systematic review of the emerging status of multidrug-resistant (MDR) bacteria
and fungi in the Arabian Peninsula was designed to answer the following questions:

1.  Is there a common MDR organism (MDRO) reported in the Arabian Peninsula?

2. Are there any MDR bacteria and fungi that have emerged in the Arabian Peninsula in
the last 10 years?

3. What are the logical relationships between sets of MDR bacteria and fungi in countries
of the Arabian Peninsula?

4. How many in-depth studies have been conducted on the molecular nature of drug-
resistant micro-organisms prevalent in the Arabian Peninsula?

5. What are the novel antimicrobial strategies developed in the study region?

Is there a high mortality reported due to MDR micro-organisms in the Arabian Peninsula?

7. To what extent have nanomaterials and nanoparticles been exploited against MDR
micro-organisms in the Arabian Peninsula?

o

This review aims to identify the prevalence and emerging status of multidrug-resistant
bacteria and fungi and their associated mortality in nine countries of the Arabian Peninsula:
Saudi Arabia, Bahrain, Kuwait, Oman, Qatar, the United Arab Emirates, Jordan, Iraq and
Yemen. Published data from the past 10 years were retrieved from PubMed, Scopus and
Google Scholar from 2 March 2021 to 8 March 2021. This review was registered with
PROSPERO (CRD42021246777). The participants or populations selected from the Arabian
Peninsula were Saudi Arabia, Bahrain, Kuwait, Oman, Qatar, the United Arab Emirates,
Jordan, Iraq, and Yemen.

Inclusion criteria:

1. Articles reporting the multidrug-resistant bacteria in the Arabian Peninsula.

Articles reporting multidrug-resistant fungi in the Arabian Peninsula.

3. Research articles published since 2010 regarding multidrug-resistant micro-organisms
in the Arabian Peninsula.

4. Full-text articles.

N

Exclusion criteria:

1. Articles discussing the use of multidrug-resistant bacteria and fungi to screen the
antimicrobials in the Arabian Peninsula.

2. Articles reporting the multidrug-resistant micro-organisms from other than the Ara-
bian Peninsula.

3. Review articles reporting the multidrug-resistant micro-organisms from the Ara-
bian Peninsula.

Original research articles and case studies of multidrug-resistant bacteria and fungi in
the Arabian Peninsula and their associated mortality were considered as articles of interest.
A total of 1705 articles (published after 2010) from Scopus and PubMed were thoroughly
screened for eligibility, as per the inclusion and exclusion criteria. A total of 382 studies
were eligible for inclusion as per PRISMA 2009 (Figure 1; Supplementary Table S1). There
were three papers reporting MDR micro-organisms from multiple countries: Article 1 [1]—
Bahrain, Saudi Arabia and United Arab Emirates; Article 2 [2][—Saudi Arabia, United Arab
Emirates, Oman, Qatar, Bahrain, and Kuwait and Article 3 [3]—Saudi Arabia, Kuwait,
Oman and United Arab Emirates.
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Figure 1. PRISMA 2009 flow diagram for the selection of articles reporting multi drug-resistant
micro-organisms from the Arabian Peninsula, since 2010. * There were three papers reporting MDR
micro-organisms in multiple countries [1]: Bahrain, Saudi Arabia and United Arab Emirates; [2]:
Saudi Arabia, United Arab Emirates, Oman, Qatar, Bahrain, and Kuwait; [3]: Saudi Arabia, Kuwait,
Oman and United Arab Emirates. # Google scholar not considered. Country-wise data for the number
of articles from various databases are presented in Supplementary Table S1.

The most urgent public and animal health problems are increasingly caused by
multidrug-resistant (MDR) micro-organisms. This problem is widely shown in bacte-
ria that defy ultimate antibiotics and portend an untreatable future. The Arabian Peninsula
has several challenges that stimulate the emergence and spread of multidrug-resistant bac-
teria. Dealing with these challenges requires the of multiple sectors to successfully control
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the spread and emergence of antimicrobial resistance. The present review summarises
the logical relationship between emerging multidrug resistance organisms and associated
mortality in the Arabian Peninsula.

2. Logical Relation between Sets of Multidrug-Resistant (MDR) Microbes

Eighty different species of multidrug-resistant bacteria and fungi were reported in
the Arabian Peninsula (Figure 2). MDR Acinetobacter baumannii prevailed in all the nine
countries of the Arabian Peninsula and was the most prevalent MDR microbe (Table 1),
and was able to survive in hot dry summers and mild wet winters. After A. baumannii,
Escherichia coli was the next most prevalent MDR microbe, reported in eight countries of
the Arabian Peninsula; it was not reported in Yemen.
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Figure 2. List of multidrug-resistant bacteria and fungi reported in Arabian Peninsula. Numbers in the doughnut indicate

the number of multidrug-resistant organisms reported in the respective countries of the Arabian Peninsula. MRSA:

Methicillin-resistant Staphylococcus aureus.

Table 1. Logical relation between sets of multidrug-resistant bacteria and fungi in countries of Arabian Peninsula.

Countries

Bahrain, Iraq, Jordan, Kuwait, Oman, Qatar,

Saudi Arabia, United Arab Emirates, Yemen

Bahrain, Iraq, Jordan, Kuwait, Oman, Qatar,

Number of MDRO Multidrug-Resistant Micro-Organism(s)
1 Acinetobacter baumannii
1 Escherichia coli

Saudi Arabia, United Arab Emirates
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Table 1. Cont.

Countries Number of MDRO Multidrug-Resistant Micro-Organism(s)
Iraq, Jordan, Kuwait, Oman, Qatar, Saudi Arabia, 3 Mycobacterium tuberculosis, Staphylococcus aureus,
United Arab Emirates, Yemen, Pseudomonas aeruginosa
Iraq, Kuwait, Oman, Qatalj, Saudi Arabia, United 1 Klebsiella preumoniae
Arab Emirates
Kuwait, Oman, Qatar, S'aud1 Arabia, United 2 Enterobacter cloacae, Stenotrophomonas maltophilia
Arab Emirates
Iraq, Kuwait, Oman, Qatar, Saudi Arabia 1 Enterococcus faecium
Iraq, Jordan, Kuwait, Qatar, Saudi Arabia 1 Streptococcus pneumoniae
Iraq, Jordan, Kuwait, Saudi Arabia 1 Salmonella enterica
Iraq, Qatar, Saudi Arabia, United Arab Emirates 1 Salmonella typhi
Kuwait, Saudi Arabia, United Arab Emirates 1 Candida auris
Iraq, Kuwait, Saudi Arabia, Oman 3 Serratia marcescens, Proteus mirabilis, Klebsiella oxytoca
Iraq, Saudi Arabia, United Arab Emirates, Oman 1 Citrobacter freundii
Iraq, Jordan, United Arab Emirates, Qatar 1 Staphylococcus epidermis
Kuwait, Saudi Arabia 1 Candida glabrata
Oman, Saudi Arabia 1 Pantoea agglomerans
Qatar, Saudi Arabia 1 Vibrio vulnificus
Klebsiella aerogenes, Morganella morganii, Citrobacter
Iraq, Saudi Arabia 6 koseri, Pantoea spp., Providencia spp.,
Staphylococcus saprophyticus
Iraq, Saudi Arabia, Qatar Staphylococcus haemolyticus
Kuwait, 1 Enterococcus gallinarum
Iraq, Jordan 2 Listeria monocytogenes, Campylobacter jejuni
Saudi Arabia, Qatar 4 Staphylococcus hominis, Klebsiella spp., Salmonella spp.,
Streptococcus spp.
Iraq, Qatar 1 Enterobacter spp.
Staphylococcus capitis, Staphylococcus caprae,
Acinetobacter calcoaceticus baumannii, Pseudomonas,
Bacillus subtilis, Leuconostoc mesenteroides, Candida
albicans, Staphylococcus epidermidis, Proteus vulgaris,
Proteus sp., Bacillus cereus, Lactobacillus plantarum,
Bipolaris oryzae, Methicillin-resistant Staphylococcus
aureus, Bacillus tequilensis, Staphylococcus,
Enterococcus, Staphylococcus saccharolyticus, Leclercia
adecarboxylata, Shigella flexnari, Staphylococcus spp.,
Pantoea eucrina, Enterobacteriaceae, Citrobacter youngae,
Saudi Arabia 53 Staphylococcus pefmsii, ;actococcus garviecfe, Escherichia
ferqusonii, Caldimonas manganoxidans,
Chryseobacterium gleum, Citrobacter sp., Providencia
stuartii, Vancomycin-resistant Enterococcus,
Mycobacterium leprae, Clostridium spp.,
Stenotrophomonus maltophilia, Enterococcus faecalis,
Acinetobacter, Non-typhoidal Salmonella, Enterobacter
aerogenes, Acinetobacter lwoffii, A. baumannii complex,
A. baumannii/haemolyticus, Acinetobacter haemolyticus,
Pseudomonas luteola, Serratia fonticola,
Penicillin-resistant Streptococcus pyogenes, Bacillus spp.,
Serratia spp., Candida spp.
Legionella pneumophila, Aeromonas hydrophila,
Kuwait 5 Moraxella catarrhalis, Prevotella spp.,
Haemophilus influenzae
Oman 5 Pantoea dispersa, Burkholderia cepacia, Enterobacter
asburiae, Enterobacter hormaechei Enterobacter ludwigii
Campylobacter spp., Nocardia crassostreae,
Chryseobacterium indologenes, Acinetobacter spp.,
Qatar 7 . . .
Bacteroid spp., Coagulase negative Staphylococci,
Enterococcus spp.
Jordan 1 Propionibacterium acnes
Iraq 1 Vibrio cholerae
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MDR Candida auris is a globally emerging fungal pathogen, for which diagnoses
and treatments are challenging. The incidence of C. auris in clinical specimens from
Kuwait, Saudi Arabia, and United Arab Emirates was reported in 11 articles; 580 strains
(Tables 1 and 2) responsible for 54 deaths (Figure 3, Tables 3 and 4). A total of 13087 My-
cobacterium tuberculosis isolates were reported in the region (Table 5).
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Figure 3. (A) Multidrug-resistant microbial associated mortality reported in the Arabian Peninsula. (B) Dark red line
indicates linear trend line of annual mortality due to multidrug-resistant microbial infection. (C) Number of deaths reported
due to specific MDR microbial infection in Arabian Peninsula. Map in blue color indicate the country wise mortality due
to Acinetobacter baumannii. (D) Percentage mortality due to MDR microbes. Gender information were not reported on the
mortality in certain articles. UAE: United Arab Emirates.
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Table 2. Total number of studies that reported the MDR microbe in countries of the Arabian Peninsula.
Saudi United Total
S.No MDR Microbe Arabi Bahrain Kuwait Oman  Qatar Arab Jordan Iraq  Yemen Number of
rabia .
Emirates Reports *
1 Acinetobacter baumannii 59 1 8 2 2 5 6 12 1 96 #
2 Escherichia coli 51 2 4 5 6 6 11 10 94
3 Mycobacteritm 31 11 2 1 2 1 6 4 58
tuberculosis
4 Klebsiella pneumoniae 36 3 4 4 4 7 58
5 Pseudomonas aeruginosa 36 4 1 4 1 1 9 1 57
6 Staphylococcus aureus 16 4 1 1 2 5 5 1 35
7 Acinetobacter 14 2 16
8 Streptococqts 7 1 1 5 1 12
pneumoniae
9 Stenotropho‘mlonas 7 1 1 5 11
maltophilia
10 Enterobacter cloacae 6 1 2 1 1 11
11 Candida auris 4 6 1 11
12 Enterobacteriaceae 6 5 11
13 MRSA 11 11
14 Stenotropho'monus 6 1 10
maltophilia
15 Salmonella enterica 2 1 2 4 9
16 Proteus mirabilis 8 1 9
17 Serratia marcescens 3 3 1 2 8
18 Enterococcus faecalis 8 8
19 Citrobacter freundii 4 1 1 1 7
20 Enterococcus faecium 6 6
21 Klebsiella oxytoca 2 2 2 6
22 Listeria monocytogenes 2 3 5
23 Morganella morganii 4 1 5
24 Staphylococcus 3 1 1 1 5
epidermidis
25 Salmonella spp. 4 1 1 5
26 Klebsiella spp. 4 1 1 5
27 Candida spp. 4 1 5
28 Streptococcus spp. 2 3 1 5
29 Enterobacter 4 1 5
30 Enterococcus 3 2 5
31 Staphylococcus spp. 5 5
32 Salmonella typhi 2 1 1 1 5
33 Enterobacter aerogenes 5 5
34 Stuphqucqccus 4 1 4
hominis
35 Candida albicans 4 4
36 Non-typhoidal ” 2 4
Salmonella
37 Citrobacter koseri 2 1 4
38 Klebsiella aerogenes 4 4
Enterococcus
39 faecalis/faecium ! ! ! 3
40 Providencia spp. 1 2 3
41 Pantoea spp. 1 2 3
42 Providencia stuartii 3 3
43 Acinetobacter lwoffii 3 3
44 Serratia spp. 3 3
45 Campylobacter jejuni 1 1 2
Staphylococcus
46 (MRSA) 2 2
47 Proteus sp. 1 1 2
48 Candida glabrata 1 1 2
49 Pantoea agglomerans 1 1 2
50 Bacillus subtilis 2 2
51 Staphylococcus capitis 2 2
52 Stuphyloco'ccus ’ 2
saprophyticus

* MDR organisms reported more than once in the countries of Arabian Peninsula are listed: # includes Acinetobacter calcoaceticus baumannii = 2,

A. baumannii complex = 1 and A. baumannii/haemolyticus = 1. MRSA: methicillin-resistant Staphylococcus aureus.
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Table 3. Reports of mortality caused by MDR microbial infection from Qatar, Kuwait, Iraq and Yemen.

Country Qatar Qatar Qatar Qatar Kuwait  Kuwait Kuwait Kuwait Kuwait Kuwait Kuwait Iraq Yemen Yemen
MDR/Reference [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17]
Total cases 48 10 239 452 61 71 14 15 49 11 1430 654 115 80
Median age years 48 43 49.1 45.98 58 59.5 63.9 56.6 55.6 49.8 57.5 18 45 45
Gender F 1 57 159 19 24 5 6 15 6 730 381 50 32
Gender M 9 182 293 42 47 9 9 34 5 700 273 65 48
No. of Discharged patients 5 174 350 34 6 46 9 1415 556 101 66
Total number of 15 5 65 102 4 37 9 8 3 2 15 98 14 14
non-survivors
Number of non-survivors F 35 2 3 3 1
Number of non-survivors M 5 67 2 6 5 1
Multiple MDR pathogens 102 9 3 2 15
Acinetobacter baumannii 15 65
Pseudomonas aeruginosa
Staphylococcus aureus 98
Mycobacterium tuberculosis 14 14
Escherichia coli
Klebsiella pneumoniae 5
Staphylococcus epidermidis
Enterobacteria
Candida auris 37 8
Acinetobacter
Enterobacteriaceae
Proteus sp.
Salmonella typhi 1
Salmonella enterica 1
Table 4. Reports of mortality caused by MDR microbial infection from Saudi Arabia and Jordan.
Country Saud.i Sauc%i Sauc!i Saud‘i Saud'i Saud.i Saud.i Saud.i Sauc!i Saud‘i Saud'i Saud.i Saud.i Saud.i Jordan Jordan Jordan Jordan
Arabia  Arabia  Arabia Arabia Arabia Arabia Arabia Arabia Arabia Arabia Arabia Arabia Arabia Arabia
MDR/Reference [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [34]
Total cases 49 83 60 71 2 90 5 7 19 713 86 3 38 146 457 21 119 56
Median age years newborn 50 50.4 37.5 73.5 59.9 63.6 63 57 37 56 43 60.5 47.3 27 0.6 55.5 53.4
Gender F 11 23 0 32 1 10 294 31 3 14 42 62 64 22
Gender M 18 37 48 2 58 5 6 9 419 55 24 104 395 55 34
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Table 4. Cont.

Country
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Number of
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26

3

0

3

30

31

31

54 7

54

34

2 54 3 3 4

54 4

110

34

76

110

47

39

14

25

39

2

1

13

13

41

41

198

37

37

19

2

69

50

26

24

50

30

26

12

14

26




Biology 2021, 10, 1144 10 of 41

Table 5. Number of multi drug-resistant strains reported in the Arabian Peninsula. Details of the number of strains are
presented in the Supplementary Table S2.

MDRO Total Strain Reference
Escherichia coli 13254 [1,3,7,10,11,14,31,35-111]
Mycobacterium tuberculosis 13087 [16,17,21,27,38,50,51,56,99,112-141]
Acinetobacter baumannii 5600 £128,,6£‘>,11,25/§?5/§%§,26/§,67_3,88,93,94,103,105,108,111,142—199]
Klebsiella preumoniae 5480 [3,5,10-12,14,28,30,38—42,45-48,51,52,55,56,58,62,63,67,81—
84,88,91-93,105,106,111,127,143,149,155,160,181,196,200-220]
[11,12,14,23,26,28,31,38,41,42,45-48,50-52,55,56,58,62,63,81—
Pseudomonas aeruginosa 3445 83,88,90,91,93,94,109,111,143,149,160,162,180,181,184,190,
194-196,221-241]
Staphylococcus aureus 3133 [7,11,12,15,42,46,56,58,62,65,73,90,108,143,149,242-253]
Acinetobacter 2033 [6,14,31,33,38,41,65,66,73,187,194,254-256]
Enterobacteriaceae 1411 [3,13,19,20,73,101,176,190,232,257-259]
Providencia spp. 1216 [19,232,260,261]
Streptococcus pneumoniae 1077 [56,262-269]
Methicillin-resistant Staphylococcus aureus (MRSA) 1000 [9,11,19,31,46,47,56,93,142,173,176,181,182,190,270-278]
Klebsiella spp. 927 [31,65,66,73,94,108,111,279]
Enterobacter 815 [11,31,41,48,50,65,66,94,280]
Proteus vulgaris 722 [40,42,232]
Candida auris 580 [9,11,22,24,25,29,281-283]
Enterococcus 553 [65,66,81,105,108,284,285]
Pseudomonas spp. 481 [46,65,66,73,83,108]
Klebsiella oxytoca 434 [12,40,42,46,50,105,143,205,232]
Salmonella enterica 413 [100,286-288]
Serratia marcescens 289 [12,40-42,46,47,51,88,111,143,149,289]
Stenotrophomonus maltophilia 257 [31,41,47,65,66,290]
Enterococcus faecalis 256 [42,47,58,93,143,181,291,292]
Vancomycin resistant Enterococcus (VRE) 255 [19,73,190,293]
Non-typhoidal Salmonella 248 [8,203,294]
Vibrio vulnificus 234 [295,296]
Salmonella typhi 231 [8,297,298]
Proteus sp. 220 [12,38,41,48,51,65,108,143]
Candida spp. 180 [65,66,299]
Stenotrophomonas maltophilia 149 [40,46,48,111,172,190,256]
Proteus mirabilis 137 [14,42,46,58,62,81,82,91,93,105,111,143,181,232]
Campylobacter jejuni 125 [250,300-302]
Arcobacter butzleri 100 [303]
Pantoea spp. 99 [143,304,305]
salmonella spp. 85 [46,98,105,232,306-309]
Listeria monocytogenes 83 [40,100,309-311]
Staphylococcus spp. 78 [46,74,108,291]
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Table 5. Cont.

MDRO Total Strain Reference
Bacillus spp. 77 [312]
Citrobacter freundii 66 [42,81,91,105,143,232,313]
Serratia spp. 66 [65,66,232]
Staphylococcus epidermidis 59 [18,46,55,314]
Enterobacter cloacae 54 [10,42,46,58,81,83,93,105,106,110,111,143]
Morganella morganii 54 [42,46,58,83,111,143,315]
Citrobacter spp. 54 [11,38,41,83,232]
Enterobacter aerogenes 40 [42,46,83,91,111,143]
A. baumannii/haemolyticus 32 [144]
Streptococcus spp. 23 [58,108]
Vibrio vulnificus 23 [296]
Staphylococcus saprophyticus 20 [42,51,88,143]
Arcobacter cryaerophilus 20 [303]
Vibrio cholerae 20 [316]
A. baumannii complex 19 [144]
Clostridioides difficile 18 [317]
Enterococcus faecium 17 [42,46,143,149,318]
Salmonella Enteritidies 15 [8]
Prevotella spp. 14 [319]
Nocardia crassostreae 13 [267,320]
Candida albicans 11 [190]
Staphylococcus hominis 11 [46,55]
Acinetobacter lwoffii 11 [42,143,144]
Providencia stuartii 10 [46,48,58]
Acinetobacter calcoaceticus baumannii 10 [321]
Citrobacter koseri 9 [46,58,111,155]
Pseudomonas luteola 9 [42]
Pantoea agglomerans 9 [42]
Staphylococcus capitis 4 [46]
Acinetobacter haemolyticus 4 [144]
Serratia fonticola 4 [42]
Candida glabrata 2 [322]
methicillin-resistant Staphylococcus epidermidis 1 [47]
(MRSE)
penicillin-resistant Streptococcus pyogenes 1 [47]
Leclercia adecarboxylata 1 [323]
Mycobacterium leprae 1 [324]
Chryseobacterium gleum 1 [325]
Enterococcus gallinarum 1 [149]
Klebsiella oxytoca 1 [10]
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2.1. Saudi Arabia

Due to its large area and population, the Kingdom of Saudi Arabia has the most
significant number of scientific studies on the subject of MDR organisms among the
countries of the Arabian Peninsula. Therefore, it has several obstacles that might promote
the emergence and transmissiom of MDR micro-organisms. Eventually, a total of 79 unique
MDR microbes were reported (Figure 2). The difficulties of this were overcome due to
the successful efforts of different sectors to restrict the growth and establishment of MDR
micro-organisms in the country. The active monitoring of the onset and spread of MDR
micro-organisms is very important. Many relevant articles were published in research and
case studies from Saudi Arabia on MDR bacteria and fungi. The inclusion criteria were
applied carefully to all the search results (for articles published after 2010) from Scopus and
PubMed. A total of 198 studies, as per PRISMA 2009, were eligible for inclusion (Figure 1;
Supplementary Table S1). Three publications reported MDR micro-organisms in more
than one country of the Arabian Peninsula: the report by Sonnevend and colleagues [1] in
Bahrain, Saudi Arabia and United Arab Emirates; a study by Zowawi and colleagues [2] in
Saudi Arabia, United Arab Emirates, Oman, Qatar, Bahrain, and Kuwait and a report by
Sonnevend and colleagues [3] in Saudi Arabia, Kuwait, Oman and United Arab Emirates.
These reports were considered separately for individual counties and also considered as
only three studies in general (Figure 1). One hundred and ninety-eight studies reported
various MDR organisms in Saudi Arabia, (Table 2), where there were considerably more
MDR organisms compared to the other countries in the Arabian Peninsula.

Saudi Arabia had the highest number of MDR strains reported compared to other
countries (Supplementary Table S2): 10972 Escherichia coli, 9829 Mycobacterium tuberculosis,
4092 Klebsiella pneumonia, 3787 Acinetobacter baumannii, 2594 Pseudomonas aeruginosa, 2014
Acinetobacter, 986 Staphylococcus aureus, 927 Klebsiella spp., 812 Enterobacter, 722 emphProteus
vulgaris, 715 Enterobacteriaceae, 695 Methicillin-resistant Staphylococcus aureus (MRSA) and
553 Enterococcus. Recently, the emergence of 18 Clostridioides difficile and 19 Candida auris
were reported [24,317]. Between 2010 and 2021, the top five research papers reported
MDR micro-organisms in Saudi Arabia. The first report included A. baumannii 59 isolates
from human samples: urine, blood culture [147], respiratory specimens, skin and soft
tissue specimens, blood, sterile body fluids [146,224] Biofilm-Formation in Clonally Unre-
lated Multidrug-Resistant Acinetobacter baumannii Isolates), wound swabs, rectal swabs,
and sputum [326]. The second report included 51 E. coli isolates from human and animal
samples, the isolates from human samples originated from tissue swabs [327] (the genomic
diversity and antimicrobial resistance genes in multidrug-resistant CTX-M-positive isolates
of Escherichia coli at a healthcare facility in Jeddah), urine, wound pus, vaginal swabs,
blood culture, stools and ear swabs [87]. The isolates from animal samples originated
from: chicken [60], camel [77], and minced meat samples [72]. The third report included
36 K. pneumonia isolates from human samples: blood, urine, wound swabs, sputum [40],
rectal swabs and suction swabs [216]. The fourth report included 36 P. aeruginosa isolates
from human samples: respiratory, urine, surgical, blood culture, genital swabs, eye swabs,
ear swabs, burns [234], skin tissue, intra-abdominal fluid, bone tissue [26], wound swabs,
sputum, and tracheal swabs [228]. The fifth report included 31 M. tuberculosis isolates from
human samples: sputum, tissues and biopsies, abscesses, abdominal fluids, breast fluid,
cerebrospinal fluid, urine, knee fluid and synovial fluid [117], wound swabs, ENT swabs,
blood, tracheal swabs [130] (Supplementary Table S3).

Saudi Arabia had the highest mortality rate, with 365 patients who died due to MDR
microbes (Figure 3A). The top three MDR organisms with the highest mortality rates were
A. baumannii, M. tuberculosis and P. aeruginosa. Six MDR organisms were related to mortality:
S. epidermidis, A. baumannii, M. tuberculosis, C. auris, P. aeruginosa and Enterobacteriaceae
(Table 4). Thus, there were 365 MDR strains associated with death. M. tuberculosis caused
the highest level of mortality [27]. The impact of the migrant workers from other countries
cannot be understated; in 2017, a Filipino resident of Saudi Arabia was diagnosed with
MDR Mycobacterium leprae. The etiologic agent was discovered using metagenomic se-
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quencing a biopsy sample of the patient’s skin [324]. In one of the studies, 105 adult patients
admitted to the intensive care unit (ICU) at Aseer Central Hospital in 2014 and 2015 were
reviewed retrospectively. The species of Acinetobacter were isolated using specific pheno-
types and verified by the automated system, Vitek 2. Of the 105 stains, genus Acinetobacter
accounted for A. baumannii 49, A. baumannii complex 19, A. baumannii/haemolyticus 32,
A. haemolyticus 4, A. lwoffii 1 [144]. There are well-established studies on electron micro-
scopic structures, which reported both dead and alive multidrug-resistant micro-organisms
in Saudi Arabia, using confocal laser scanning micrography [328].

2.2. Bahrain

The Kingdom of Bahrain had the lowest number of research articles, in contrast to the
rest of the Arabian Peninsula’s countries, due to its small area and population. The papers in
this review, published between 2010 and 2021 and retrieved from PubMed and Scopus, were
thoroughly screened for their eligibility, as per the inclusion and exclusion criteria. Only
three studies published on MDR bacteria were included in the final qualitative analysis,
as per PRISMA 2009 (Figure 1; Supplementary Table S1). Two studies reported MDR micro-
organisms in multiple countries: a study by Sonnevend and colleagues [1] in Bahrain,
Saudi Arabia, and the United Arab Emirates; and a study by Zowawi and colleagues [2]
in Saudi Arabia, United Arab Emirates, Oman, Qatar, Bahrain, and Kuwait (Figure 1).
Two unique MDR microbes were reported: Acinetobacter baumannii and Escherichia coli
(Figure 2). Compared to the other countries mentioned in this review, Bahrain had the
lowest reported MDR strain (1 = 11): eight A. baumannii and three E. coli (Supplementary
Table 52). Three E. coli isolates from human specimens were obtained, including urine and
tissue swabs [1], and eight A. baumannii isolates, from which human samples of blood,
sputum, swab, and urine were collected [2] (Supplementary Table S3). Unlike the mortality
rates of the other countries, Bahrain reported no MDR microbial infection-associated deaths
(Figure 3A). In one of the scientific articles, researchers screened for the mcr-1 gene of colistin
resistant Enterobacteriaceae in Bahrain; the mcr-1 strains were positive and their antibiotic
resistance was determined. The mcr-1 gene was found in two E. coli isolates [1]. In the study
by Thani, on a urinary tract infection (UTI) cefotaxime resistant E. coli strain, a new DNA
fragment was discovered. The DNA sequence was found to be linked to the pathogenicity
island Ill534 locus. Researchers used the Single Genome Specific Primer-PCR (SGSP-PCR)
to study the genomic state of the newly identified locus, which was discovered to obtain
the antibiotic resistance gene blactx m [110]. Bahrain was included in the research on the
molecular epidemiology and resistance mechanisms of carbapenem-resistant acinophilic
bacteria (CRAB) for the Arabian Peninsula countries; eight A. baumannii isolates were
identified in Bahrain hospitals, and OXA-51 was found in all of the isolates. Antibiotic
resistance genes were detected using PCR, and clonality was determined using repetitive
sequence-based PCR (rep-PCR). The majority (84%) of the isolates in this investigation were
related to health exposure. The increased awareness of multidrug-resistant organisms in the
Gulf Cooperation Council (GCC) states has significant implications for improving infection
control procedures, developing antimicrobial stewardship programs and highlighting the
importance of regional active monitoring systems [2].

2.3. Kuwait

The studies, published between 2010 and 2021, from selected databases were evalu-
ated for eligibility, as per the inclusion and exclusion criteria, according to PRISMA 2009.
Thirty-eight papers on multidrug-resistant (MDR) micro-organisms were included in the
final qualitative analysis (Figure 1; Supplementary Table S1). A total of 22 unique MDR
micro-organisms were identified from Kuwait (Figure 2), including the studies that reported
MDR micro-organisms in various countries (Figure 1) [2,3]. There were seven publications
that reported >100 MDR strains such as: 7138 methicillin-resistant Staphylococcus aureus
(MRSA), 1176 Mycobacterium tuberculosis, 561 Candida auris, 410 Acinetobacter baumannii,
302 Staphylococcus aureus, 222 Klebsiella pneumonia and 149 Enterobacteriaceae (Supplemen-
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tary Table S2). Notably, five studies in Kuwait from 2010 to 2021 revealed MDR micro-
organisms. The first study revealed 11 M. tuberculosis, from human samples such as, spu-
tum, pus, tissue biopsy, lymph node and endotracheal secretion, and cerebrospinal [112]
samples. The second study found eight isolates of A. baumannii acquired from human
urine [198] and swab specimens, sputum, blood [2]. The third study discovered six C. auris
human isolates from axilla, groin, anterior nares, vascularline exit sites, the oropharynx,
respiratory and urinary tract. The isolates were also taken from environmental samples:
rooms, units occupied by all the infected C. auris, colonised patients, medical devices, linen,
walls, floors, furniture, doorknobs, bed railings, bedside drawers, toilet faucets, and flush
handles [9]. The fourth study observed five isolates of Enterobacteriaceae obtained from
blood, urine, wound, and tissue swabs [259]. Finally, the fifth study anlysed four E. coli
isolates of human samples derived from blood culture, urine, wounds, and central venous
pressure [10]. After Saudi Arabia, Qatar, Jordan, and Iraq, Kuwait has the fifth highest
mortality rate, with a total number of 78 non-survivors associated with MDR microbial
infection (Figure 3A). Seven articles reported MDR microbial infection associated with
mortality. The highest mortality in Kuwait was related to the MDR organism, C. auris, with
37 non-survivor patients, whereas C. auris were the most prominent MDRO in terms of the
number of deaths (Table 3).

Healthcare-related pneumonia caused by MDR pathogens poses a significant treat-
ment challenge. The frequency of antibiotic medication leads to inefficient antimicro-
bial therapy. Jamal and colleagues reported unique MDR organisms: two isolates of
Haemophilus influenzae, two isolates of Legionella pneumophila, and one isolate of
Moraxella catarrhalis. Critically ill patients with clinically diagnosed respiratory tract infec-
tions, hospitalised at Mubarak Al Kabeer Hospital between January and April 2013, were
selected for their study. Recently, a rapid-multiplex, PCR-based Unyvero pneumonia appli-
cation (UPA) assay that aids in early decision making became accessible. The respiratory
samples from patients with nosocomial pneumonia included the sputum, bronchoalveolar
lavage fluid, and endotracheal secretions [12]. From January to December 2016, a study
conducted by Hamza and colleagues revealed a novel pathogen of an MDR micro-organism.
All adult patients who had the specified GI procedures, used to estimate surgical site infec-
tion (SSI) rates among gastrointestinal surgeries in all Kuwait governmental hospitals, were
examined in this study. Eventually, a single isolate of Aeromonas hydrophila was obtained
from small bowel (SB) surgery [329].

2.4. Oman

After removing duplications, peer reviewed articles, and non-relevant countries of inter-
est, a total of 42 articles were screened. Thirty-three studies were excluded from further analy-
ses and nine articles fulfilled the inclusion criteria from the published data for MDR organisms
from Oman in PubMed (n = 43) and Scopus (1 = 36). Seventeen different species of multi-drug-
resistant organisms were reported in Oman (Figure 2). Escherichia coli was the most recorded
MDRO; this organism was identified five times in the studies (Table 2). Although several
MDRO were recorded in this country, the following organisms were reported as the lowest
among the collected studies: Pseudomonas aeruginosa, Staphylococcus aureus, Stenotrophomonas
maltophilia Citrobacter freundii, Enterobacter asburiae, Enterobacter hormaechei, and Enterobacter
ludwigii, Serratia marcescens and Pantoea dispersa. The total number of MDRO strains re-
ported in Oman were as follows: 520 Klebsiella pneumoniae, 224 Acinetobacter baumannii,
78 Escherichia coli, 35 Staphylococcus aureus, 27 Pseudomonas aeruginosa, 25 Stenotrophomonas
maltophilia, 8 Enterobacter cloacae, 2 Enterococcus faecium, and 1 Citrobacter freundii, (Supple-
ment Table S2).

In the Oman region, E. coli was the most abundant MDRO, as reported by several
studies. The study by Al-Kharousi focused on the microbial features of fresh fruit and
vegetables at the market stage, evaluating the impact of antibiotic-resistant enterobacteria
transmission. More specifically, this study focused on one of the resistance mechanisms in
Enterobacteriaceae that could produce AmpC (-lactamase in cefoxitin-resistant isolates.
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Fourteen isolates displayed a multi-drug resistance for different classes of enterobacteria.
From these different classes, E. coli isolates gained resistance to several types of antibiotics
compared to other classes; they displayed the resistance to five antibiotics such as ampicillin,
chloramphenicol, kanamycin, nalidixic acid, and tetracycline. Six E. coli isolates were
collected from lettuce samples that gained a resistance to multiple antibiotics. Some isolates
were phenotypically positive for producing the ampC B-lactamase [257]. Another study
focused on the epidemiology of multi-drug-resistant organisms via the site of infection
and types of bacteria at Sultan Qaboos University Hospital. Although several MDRO were
identified, E. coli was the second most abundant among the isolates. The number of isolates
was 60 for E. coli with extended spectrum f3-lactamases and 5 for E. coli with a carbapenem
resistance, respectively, among the samples from different infection sites, such as the
bloodstream, urinary tract, and surgical infection [330]. A study focused on the colistin-
resistant Enterobacteriaceae in several countries of the Arabian Peninsula, more specifically,
studying the presence of the mcr-1 gene in this class. Four E. coli isolates were MDROs had
an mcr-1-positive strain. The E. coli strains such as ST648, ST224, ST68, and ST131 belonged
to other countries; none of these strains were from Oman [1]. The focus on identifying
Arabian Enterobacteriaceae in the Arabian Peninsula region revealed the presence of
strains with New Delhi metallo-beta lactamase (NDM)-7. Four stains showed a multi-drug
resistance to NDM-7 E. coli; only one (E. coli ST4107) strain was from Oman Hospital,
isolated from a patient’s endotracheal secretion. The blaNDM?7 was identified on IncX3-
type plasmids. In this study, an association was found between identifying the IncX3 type
plasmids and spreading the rare NDM-7 variant in the region [101]. The defined mortality
data associated with MDRO was not declared in studies from the last ten years [331,332].
This could be a major limitation of the statistical mortality data from the region; further
studies are needed to discover the mortality data, which can be correlated with MDRO.
Although several MDROs recorded in Oman were found in other regions in the Arabian
Peninsula, few organisms were only found in the Oman region: Pantoea dispersa, Bukholderia
cepacian, Enterobacter Hormaechei, and Enterobacter ludwigii (Table 1). Therefore, these
MDROs were considered unique to the Oman region since they were able to survive in this
region; specific studies are needed to find their prevalence and associated physiology.

2.5. Qatar

The searching process for the published data of MDRO from Qatar for the last
decade resulted in a similar number of research results for both PubMed and Scopus;
54 and 52 studies were found in PubMed and Scopus, respectively. After removing dupli-
cates, peer reviewed articles, and non-relevant countries of interest, a total of 52 articles
were screened. Thirty-five were excluded from further analyses. Seventeen articles were
screened for full-test article eligibility by screening the title and the abstract (Supplementary
Table S1). Twenty-seven different species of multidrug-resistant organisms were reported
in Qatar (Figure 2). Escherichia coli was the most recorded MDRO and was identified
six times (Table 2). Among the collected studies, there were several MDRO recorded in
Qatar; nevertheless, the following organisms were recorded as the lowest: Mycobacterium
tuberculosis, Staphylococcus aureus, Streptococcus pneumoniae, Stenotrophomonas maltophilia,
Enterobacter cloacae, Salmonella typhi, Vibrio vulnificu, Campylobacter spp., Nocardia crassostreae,
Staphylococcus epidermidis, Staphylococcus haemolyticus, Staphylococcus hominis, Enterococcus
gallinarum, Chryseobacterium indologenes, Acinetobacter spp., Enterobacter spp., Klebsiella
spp., Salmonella spp., Bacteroid spp., Coagulase negative Staphylococci, Streptococci spp.,
and Enterococcus spp. These organisms were reported once as MDR (Table 2). A total
of five MDRO above 100 strains were reported in Qatar: 426 Acinetobacter baumannii,
223 Escherichia coli, 223 Mycobacterium tuberculosis, 178 Pseudomonas aeruginosa, and 134
Streptococcus pneumoniae. Furthermore, six MDR organisms were reported: 73 Campylobacter
jejuni, 34 Staphylococcus aureus, 26 Staphylococcus epidermidis, 24 Klebsiella pneumoniae, 23
Vibrio vulnificus and 13 Nocardia crassostreae (Supplementary Table S2).
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Overall, Escherichia coli was the most abundant MDRO in Qatar. From the studies
in Qatar, six research articles reported Escherichia coli (Table 2), which had the highest
reported MDRO in Qatar. Hasan and colleagues studied the case of a patient infected with
cytomegalovirus-associated, hemophagocytic lymphohistiocytosis that gained antimicro-
bial resistance. The patient colonised the multidrug-resistant MDR to Enterococcus faecium,
Escherichia coli, and Klebsiella pneumoniae. As a result of the severe multidrug resistance,
several infections such as respiratory, urine, and bloodstream infections, developed, caus-
ing a threat associated with the HLH patients and obtained MDR organisms. The study
reported E. coli type ST410, which was isolated from blood. No specific strain numbers
were declared for E. coli in this study. Using a whole-genome sequence, there were different
sequence types between the vancomycin-resistant Enterococcus isolates from the urine and
blood cultures of patients and the previously colonised patients. These authors found that
the resistance mechanisms were acquired in the colonizing strains [333].

In another study, the bacterial infection and resistance patterns of pediatric oncology
patients after chemotherapy treatment were analysed for MDRO in the bloodstream;
116 strains of Gram-positive and Gram-negative bacteria were isolated. E. coli was the third
most common Gram-negative isolate with seven MDR isolates. Two patients died due to
the infection of MDRO Stenotrophomonas maltophilia and E. coli. Unfortunately, no specific
strain numbers and names were provided, hence they do not appear in the mortality table
(Table 3) [55]. The study by Garcell et al. [78] focused on studying the etiology of surgical
site infection in a community hospital in Qatar for a period of three years. Samples were
collected and patients with contaminated wounds had the highest number of isolates. Most
of the isolates in the surgical site were E. coli and Klebsiella spp.; 12 E. coli beta-lactamase
(ESBL) isolates were collected from the infection in the surgical site [78]. The epidemiology
of bacteremia at Hamad General Hospital isolated 167 g-positive, and 285 g-negative
bacteria over a period of one year. The samples were collected from patients” blood.
Several MDRO were found; nevertheless, E. coli was the most common bloodstream isolate;
97 E. coli were isolated. The intravenous catheterisation blood stream infection was found to
be the most common source of bacteraemia. In comparison with the other types of etiologic
bacteria, the MDR E. coli ESBL caused the highest number of deaths, and accounted for
14 out of 102 mortalities [7]. Regarding the antibiotic resistance of E. coli in Qatar from
food-producing animals, 90 E. coli isolates were reported from poultry farms and tested
with several antibiotics. Uncooked food or unsanitary hygiene practices can accelerate the
transmission of MDR to humans [75]. Having a statistical mortality on MDR microbial
infection in the Arabian Peninsula is important for identifying the mortality caused by the
MDRO. Qatar had the second highest number (1 = 187) of mortalities compared to the other
countries in the Arabian Peninsula, (Figure 3A). In Qatar, four studies reported information
on mortalities. Several MDR organisms were recorded as the cause of a patient’s death.
Acinetobacter baumannii was recorded as a pathogen associated with mortality in several
studies (Table 3). The study by Al Samawi et al. recorded the higest number of deaths
caused by Acinetobacter baumannii. The total number of non-survivors was 65 out of
239 patients, and 372 strains were isolated from adult patients samples. The respiratory
tract was the most prominant site of A. baumannii infection [6]. (Table 3). Another study
reported the same organism and its association with the deaths of 15 patients out of
48. A total of 48 MDR A. baumannii strains were isolated from the patients [4] (Table 3).
Another study reported 102 deaths due to the MDR organisms, of which 34 were females.
Multiple MDR pathogens caused the death of patients; nevertheless, ESBL and MSSA
had the highest-recorded mortality [7] (Table 3). Although several MDRO recorded in
Qatar were found in other parts of the Arabian Peninsula, Campylobacter spp., Nacardia
crassostreae, Chryseobacteriu indologenes, Acinetobacter spp., Bacteroid spp., coagulase negative
staphylococci, and Enterococcus spp. were considered unique to Qatar.
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2.6. United Arab Emirates

The search terms related to multidrug resistance resulted in 71 studies from PubMed
and 38 studies from Scopus. After removing duplicates, peer reviewed articles, and non-
relevant countries of interest, a total of 70 articles were screened. Fifty-one studies were
excluded from further analyses and 19 articles were screened for eligibility as full-text
articles by screening the abstract. Four full-text articles were eliminated because patients
were not from the country of interest. A total of fifteen full-text articles were included in
this study (Supplementary Table S1).

Twelve different species of multidrug-resistant organisms were reported in the UAE
(Figure 2). Escherichia coli was the most abundant MDRO in the UAE and was reported in
six studies (Table 2). Although several MDRO were recorded in this country, the following
organisms were reported as the lowest among the collected studies: Pseudomonas aeruginosa,
Enterobacter cloacae, Candida auris, Citrobacter freundii, Staphylococcus epidermidis, and
Salmonella typhi (Table 2). The total strain numbers of MDROs reported in the UAE were:
1116 Mycobacterium tuberculosis, 73 Enterobacteriaceae, 61 Escherichia coli, 55 Klebsiella pneumo-
niae, 31 Pseudomonas aeruginosa, 16 Acinetobacter baumannii, 6 methicillin-resistant Staphylo-
coccus aureus, and 1 Stenotrophomonas maltophilia (Supplementary Table S2).

E. coli was the most abundant MDRO in UAE, and the highest reported by several
articles. The study by Sonnevend et al. focused on the presence of the mcr-1 gene in
colistin resistance to E. coli from several countries in the Arabian Peninsula. Four E. coli
strains were isolated in this study; only one strain was from UAE, named ABC149 with
the sequence type ST131. This sample was isolated from patients’ blood samples. In the
Arabian Peninsula, several multi-resistance isolates contained the mcr-1 gene, which could
increase mcr-1-carrying strains in these regions [1]. The impacts of ceftolozane-tazobactam
and ceftazidime-avibactam against multidrug-resistant isolates such as Escherichia coli,
Klebsiella pneumoniae, and Pseudomonas aeruginosa were studied, and included 60 CRE E. coli
from different patient samples such as sputum, blood, urine, tissue, and body fluid samples.
The study suggested that ceftolozane-tazobactam and ceftazidime-avibactam could treat
most of the infections caused by MDROs [45]. Another study focused on the pattern of
uropathogenic resistance to antibiotic prophylaxis in patients infected in the urinary tract.
E. coli was the most grown organism with prophylaxis. The number of E. coli isolates was
26, and the majority of them were isolated from urine [97]. The activity of hymenochirin-1B
against multidrug-resistant bacteria and immunomodulatory properties were studied [182]
such as the E. coli strains, ABC 54 and ABC 85, collected from urine and tracheal aspirate.
The study revealed a potential drug development, combined with hymenochirin-1B, against
several Gram-positive and Gram-negative bacteria, with low cytotoxicity in humans.
The characteristics of E. coli in several counties in the peninsula region revealed the presence
of the New Delhi Metallo-beta-lactamase (NDM)-7, four stains showed a multi-drug
resistance of NDM-7 E. coli, including two strains (ABC133 and ABC218) from the UAE
region of patient’s sputum and wound secretion samples. The blaNDM7 was identified
on IncX3 type plasmids and an association was found between IncX3 type plasmids and
the transmission of the rare NDM-7 variant in the Middle East [101]. Mortality data were
not declared in the studies; which is one of the limitations of such data. Further studies
are needed to find the mortality data, which can be correlated with the MDRO. All twelve
of the different species of multidrug-resistant organisms reported in the UAE were also
reported in other countries in the Arabian Peninsula (Table 1). These organisms were
able to survive in other parts of the Arabian Peninsula with hot dry summers and mild
wet winters.

2.7. Jordan

The screening of multidrug-resistant micro-organisms from Jordan through the databases
PubMed, Scopus, and Google Scholar revealed 136, 92 and 22,400 published articles related
to multidrug resistance, respectively. After filtering out review papers and limiting the
search results timeline to 2010-2021, thirty-seven articles were screened and six papers
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were excluded, since their samples were reported from ATCC standard cultures rather
than human samples, resulting in a total of 31 full-text articles for final consideration.
Jordan reported 11 distinct, multidrug-resistant bacterial species; Escherichia coli was the
dominant species with 886 isolates in total, and Acinetobacter had the lowest number of
strains reported, with 19 [33]. Out of all countries in the Arabian Peninsula, Jordan is
the only country that reported Propionibacterium acnes as a unique multidrug-resistant
bacterium. Research articles reported a variety of strains that were isolated from humans,
hospital environments, or other sources where meat products and green vegetables could
be present [334]. Some articles reported a large number of bacterial strains isolated from
the aforementioned sources. For instance: 269 E. coli strains were isolated from broiler
chickens [85], another study reported 287 Salmonella enterica isolates from beef cattle [100],
while 544 Streptococcus pneumoniae isolates were obtained from humans [268].

E. coli were the dominant MDR bacteria in 11 research studies. One study isolated
142 E. coli ST131 strains from infants’ faecal samples, of which the majority were ESBL
producers. The antimicrobial susceptibility of these strains was tested using the disc diffu-
sion technique [64]. Similarly, Haddadin et al. found 19 and 25 MDR E. coli strains from
70 strains isolated from green vegetables and 68 isolated from infants’ faeces, respectively,
after testing them for antibiotic susceptibility. In addition, they found a genetic similarity
between the strains isolated from plants and infants, implying the possibility of the circu-
lation of these pathogens between both sources [80]. O1, O2, 025, and O78 avian E. coli
serotypes were characterised in a study after their isolation from broiler chickens, in order
to study their antimicrobial resistance and the associated risk factors [85]. Another study
investigated the cause of urinary tract infections among patients in Jordan. They isolated
262 E. coli strains from urine samples, of which 150 were MDR with a high association with
the ST131 clone [96]. In addition, for the purpose of studying the colonisation of E. coli in
the intestines, 288 stool samples were collected from infants. From these isolates, 52 were
MDR and ESBL producers [104].

It was crucial to include mortality data in this review to observe the number of deaths
caused solely by MDR micro-organisms and the root cause of their ability to cause a high
mortality in the Arabian Peninsula (Table 4). Regarding mortality data collected from
Jordan, several bacterial species contributed to these numbers. Specifically, Almomani et al.
reported the deaths of 50 patients (24 males and 26 females) out of 119 patients suffering
from pneumoniae caused by using ventilators infected with Acinetobacter baumannii in
ICUs. This article reported the highest number of mortalities in Jordan [34] (Table 4).
MDR Acinetobacter sepsis cases in neonates were also studied to determine the effect of
Colistin; this organism caused two deaths out of twenty-one neonates, averaging 0.6 years
of age [33]. Furthermore, there were 457 wound infection cases at a Jordanian hospital
that included 395 males and 62 females with a median age of 27 years. These infections
were caused by several MDR micro-organisms, including Staphylococcus aureus, E. coli,
Klebsiella pneumoniae, Pseudomonas, Enterobacter, Acinetobacter, and Proteus and 37 deaths
were reported [32].

2.8. Iraq

The number of final research articles from Iraq (1 = 75) was generally higher than those
reported from other countries in the Arabian Peninsula, with the exception of Saudi Arabia
(n = 198), in PubMed and Scopus, and Google Scholar (Supplementary Table S1) for the
keywords “multidrug-resistant”, and “multidrug resistance”. After excluding irrelevant
articles, review articles, and limiting the timeline to 2010-2021, 75 research articles were
eventually obtained for further analysis. A. baumannii was the dominant species in Iraq,
followed by E. coli, with 10 research reports among the 28 different bacterial species
reported, including four Staphylococcus species and three Klebsiella species. However,
the largest number of strains were from Providencia spp.; 1213 isolates were reported
from only two studies [49,261]. Several varieties of bacterial strains were reported from
Irag; these included 1063 S. aureus isolated from humans [15], 142 E. coli isolated from
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chickens [37], and 1209 Providencia spp. from various sources such as humans, soil, chickens,
and wastewater [49]. Iraq is the only country in the Arabian Peninsula that reported the
multidrug-resistant Vibrio cholerae, making it unique to this region [316].

A total of 12 research articles reported A. baumannii MDR strains. Metallo 3-lactamases
producing A. baumannii caused a nosocomial infection in clinical samples from patients’
sputum, blood, urine, and burn wound swabs, in addition to samples from the envi-
ronment; 124 strains were acquired from Baghdad hospitals to study their multidrug
resistance [189]. A study conducted by Muslim et al. to determine the lectin-producing
ability among 51 A. baumannii isolates from a hospital environment and patient samples
of the sputum, blood, wounds and urine, revealed 17 lectin producers [183]. In addition,
a study isolated 96 A. baumannii from clinical samples of wound and burn infections tested
against 16 antimicrobial drugs using the disc diffusion technique, and 84 were found to
be MDR [174]. Another article reported carbapenem resistance in 44 A. baumannii isolates
from 182 patients who suffered wound infections, samples included swabs from joints,
bones, and connective tissues [162]. In addition, the virulence factors of 30 A. baumannii
strains from patients with blood infections were determined, implying their ability to cause
persistent infections due to harboring plcN and lasB genes [177]. Even though, in general,
there were many reports from Iraq, only one article reported mortality data compared to
the other countries in the Arabian Peninsula. In 2012, Babakir-Mina et al. reported that,
out of 654 burn patients, 98 died due to infections caused by S. aureus, while 556 survived
(Table 3). These burn patients were mainly females (381) with a median age of 18 years.
The nosocomial infection-causing agent was the methicillin-resistant S. aureus (MRSA),
with a total of 1063 isolates from the burn swabs [15]. This study alone does not reflect the
total mortality caused by MDR micro-organisms in Iraq. More research must be conducted
in order to determine the dominant micro-organisms and the root cause of mortality from
such organisms.

2.9. Yemen

Yemen had much fewer search results in PubMed, Scopus, and Google Scholar when
the keywords, “multidrug-resistant”, and “multidrug resistance” were used. For instance,
there were 19 results from PubMed, 38 from Scopus, and 2269 from Google Scholar;
articles from Google Scholar were not included. Many search results showed articles
reporting parasitic infections in some regions in Yemen and their multidrug resistances,
but these were also not included, in addition to irrelevant and older articles published
before 2010. Eventually, only six articles were included from the databases PubMed and
Scopus for a final analysis. Yemen reported only four distinct bacterial species dominated
by Mycobacterium tuberculosis, with 240 strains from four research articles. The remain-
ing three articles reported A. baumannii, Pseudomonas aeruginosa, and S. aureus. All the
bacterial isolates in these articles were from human sources, including 120 strains of
M. tuberculosis [115], 60 of S. aureus [270], and 65 of P. aeruginosa [237]. As mentioned, the
number of reports from Yemen were generally fewer compared to the other countries
studied; three research articles mentioned the isolation of M. tuberculosis from patients
residing in tuberculosis (TB) centers in Yemen. For instance, MDR M. tuberculosis were
isolated from 115 patients’ sputum samples to evaluate the associated risk factors [17]. In a
similar study was conducted by the same author, in which MDR M. tuberculosis involv-
ing 135 patients was explored to evaluate health-related risk factors [16]. Furthermore,
sputum samples were collected from 170 patients in the National TB Institute of Sana’a
and 118 M. tuberculosis isolates were identified [115]. Two articles, both written by Jaber
et al., reported mortality data in Yemen [16,17]. The first study reported 14 deaths out of
115 tuberculosis patients (65 males and 50 females), with a median age of 45 years, while
being treated in TB centers. All of the isolated M. tuberculosis were resistant to at least two
drugs. The other study also reported the isolation of M. tuberculosis from sputum samples.
This micro-organism caused 14 deaths out of 80 patients (48 males and 32 females) who
were also in TB centers [16]. Mortality data were limited to patients treated in TB centers,
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extensively focusing on MDR M. tuberculosis per se. More extensive mortality studies
must be conducted to investigate the prominent MDR micro-organisms causing substantial
death cases in the Arabian Peninsula in general, particularly in Yemen.

3. Methods Used to Detect Multidrug-Resistant Organisms

Various detection methods are used to identify MDR organisms: the disc diffusion
method [300,330], Kirby and Bauer method [335], microdilution process [161], PCR with
specific primers [336], real-time PCR tests with temperature melting analysis [49], MDR-
TB detection [125], E-test for antimicrobial resistance [4,148], automated identification
and susceptibility system [330], Growth Indicator Tube system [337] automated Phoenix
method [221], matrix-assisted laser desorption/ionisation time-of-flight mass spectrometry
(MALDI-TOF MS) [4], GeneXpert assay [338], AcrAB-TolC efflux pump system [36], multi-
plex PCR for confirming isolates [300,317], multilocus sequence typing [300], sequences of
18S rRNA gene and ITS region for MDR fungi [24], 16S rRNA gene sequencing [317], toxin
genes multiplex PCR [317], multiplex real-time quantitative PCR [339], DNA Microarray
Detection [84] and whole-genome sequencing [21].

The resistance of antibiotics was established for the A. baumannii isolates 506, 510 and
936 isolated in 2006, 2009 and 2012, respectively. In 2012, 12 unique XDRAB strains were
extracted from critical patients with ventilator-associated pneumonia (VAP) using the
microdilution process [161]. Minimum Inhibitory Concentration (MICs) were indicated
by E-test. A CHROMagar Acinetobacter medium was used to diagnose susceptible and
multi-drug-resistant A. baumannii (MDRAB) strain. The updated Hodge test (MHT) and
multiplex PCR were used to examine carbapenemase-resistant A. baumannii. The E-test
process was used to carry out a synergy test. A recent 3-year evaluation study determined
a reduction in the antibiotic resistance in Gram-negative bacteria by the Saudi National
Action Plan using commercially available identification cards (VITEK 2 ID-GNB cards)
and MDR detection (AST-No. 12 cards) [340]. They found that the rates of antibiotic
resistance, extended-spectrum beta-lactamase, and multidrug resistance were reduced
over time, indicating that the Saudi National Action Plan was effective. Yassin et al., [299]
reported the advent of Candida species resistance and suggested an antifungal sensitivity
procedure performed prior to deciding on a treatment regimen. Updated techniques such as
sequencing the 185 rRNA gene and ITS region in MDR fungi, 16S rRNA gene sequencing in
bacteria, and toxin genes multiplex PCR were also adopted by laboratories in Saudi [24,317].
Whole-genome-sequencing-based MDR identifications were also reported [21]. Improved
tools are needed for the diagnosis of MDRO [341,342].

Candida auris is an emerging fungal pathogen with multidrug resistance, causing
nosocomial infections and invasive deaths [336]. A trustworthy diagnostic approach, such
as using the 185 rRNA gene and ITS region against MDR fungi, is urgently needed [24].
C. auris is often mistaken for numerous other yeast species by phenotypic identification plat-
forms [336]. In this work, PCR and real-time PCR tests were used for identifying C. auris and
related species: Candida duobushaemulonii, Candida haemulonii and Candida lusitaniae. Tar-
geted rDNA nucleotide region sequences, C. auris-specific, primers-based PCR or real-time
PCR experiments followed by electrophoresis or temperature melting analysis, respectively,
were performed using a panel of 140 clinical fungus isolates [336]. The findings of the tests
completely corroborated the findings of the DNA sequencing. These genetic techniques
address the current phenotypical shortcomings in the identification of C. auris and its
associated species. The present MDR-TB outbreak is the result of decades of neglecting
significant infectious diseases, a lack of national prevention program services, slow case
identification, and inadequate treatment in high-burden countries [113]. The clinical results
were vastly enhanced by optimizing care regimes along with the quick detection of DST in
first- and second-line medications. The prognosis of MDR-TB was further strengthened by
the recent advancements in MDR-TB detection and an intensive empirical management
of patients with multiple medications during the initial period of treatment. However,
laboratory funding, which is essential for the effective diagnosis of patients with MDR-
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TB, was largely insufficient. The rapid and cost-effective cultivation of DST systems of
M. tuberculosis strains must be strengthened.

A pilot study from Hamad Medical Corporation (HMC), supported carbapenem resis-
tance in randomly selected clinical isolates of multidrug-resistant Acinetobacter baumannii [4].
The research results were used to analyse carbapenemasal in all of the isolated MDR
A. baumannii through molecular techniques. Matrix-assisted laser desorption/ionisation
time-of-flight mass spectrometry verified the identification of MDR isolates, which was
verified and validated by E-test antibiotic tolerance. Real-time PCR was used to explore the
molecular nature of carbapenemases (blaOXA-23, blaOXA-24, blaOXA-58, blaNDM). The
phylogenetic study on the partial sequence of CsuE and blaOXA-51 genes confirmed the
epidemiological relationship between the isolates. The 48 isolates were resistant to most
antibiotics, including meropenem, imipenems, ciprofloxacin, levofloxacin, amicacin, gen-
tamicin, and most 3-lactam; yet they were susceptible to colistin. The MDR A. baumannii
production of OXA-23 carbapenemase in Qatar was described in detail by Rolain [4].
The effect of a 1 and 2 h exposure to low-frequency magnetic fields (0.3 and 0.42 mT) on
Pseudomonas aeruginosa resulted in a reduced resistance and increased drug susceptibil-
ity [225]. This increase was often linked to the temperature of the environment and the
duration of the exposure. Antibiotic resistance in Iraq was conferred on Escherichia coli by
the AcrAB-TolC efflux pump system [36], which contributed to poor patient results.

Another study examined 177 chicken samples using the ISO 10272-2006 procedure to
isolate Campylobacter spp. A multiplex PCR was used for the confirmation and labelling of
the isolates [300]. The disc diffusion method was used to assess the isolates’” antimicrobial
resistance, and multilocus sequence typing was used to genotype the isolates. There were
three distinct sequence types in ten C. coli isolates, but seven different sequence types in
ten C. jejuni isolates. Many of the isolates tested were resistant to ciprofloxacin but not
to imipenem, and they were multidrug-resistant to five or more antimicrobials. A retro-
spective analysis of MDRO data from January to December 2012 used the disc diffusion
method to verify antibiotic susceptibility analysis, and an automated identification and
susceptibility system was used to recognise and analyse species [330]. Increasing patterns
in the prevalence rates of MDRO patients and MDRO isolates were discovered during the
study [330]. The study by Al Shamahy et al. examined septic-resistant organisms in the
neonatal unit at Al-Thawra Hospital, Sana’a, Yemen and offered an empirical treatment
approach [335]. One hundred and fifty-eight neonates, aged 0 to 28 days, were recruited
in the study. Blood samples were collected from each neonate, then the samples were
cultivated, and, subsequently, antimicrobial susceptibility testing was performed using the
Kirby and Bauer method [335].

4. Antimicrobial Resistance Profiles Used for Treating Multidrug-Resistant Organisms

Combining low-frequency magnetic fields with a wide range of antibiotics helped to
reduce P. aeruginosa tolerance [225]. The physical parameters of LE-MF, such as strength and
exposure duration, influenced the reduction in bacterial resistance and provided a poten-
tially noninvasive and fast treatment option for burn victims [225]. Peptide B1 had a broad-
spectrum behaviour against the strains examined in the study by Tell et al. [343]. The con-
centrations used to destroy microbial cells ranged from 10 to 20 M. B1 had a lower toxicity
against mammalian cells and a lower probability of causing hemolysis [343]. Domperidone
is an important ArcB inhibitor, a well-known and secure over-the-counter antiemetic [36].
Domperidone reversed the antibiotic tolerance of levofloxacin and ciprofloxacin in MDR
E. coli stains and was more effective than the recognised efflux pomp-inhibitor reserpine.
It was also able to improve every impact on the sensitive strains of antibiotics. This finding
suggests that a combination of antibiotics and domperidone may be utilised to handle
multi-drug-resistant E. coli bacteria in the clinic [36]. Multidrug-resistant pneumonia in
the health sector offers an important treatment challenge [12]. A Unyvero Pneumonia
Application (UPA) quick PCR multiplex test helps to make prompt decisions. UPA was
assessed for its successful detection in nosocomial pneumonia of the etiologic pathogen
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and for resistance indicators. This test also investigated the impact on acute nosocomial
pneumonia. The appropriate specimens were treated by UPA according to the manufac-
turer’s methods, along with conventional cultivation techniques. The results indicated that
a multiplex PCR-based test was capable of reliably diagnosing the etiological agents of NP
and MDR, as well as resistance indicators. This could allow doctors to make early antibiotic
modifications [12]. The analysis of E. faecalis genomes was performed by means of multilo-
cus sequence typing. ST179 and ST16 were the most common STs in clonal complex 16 in
Saudi patients (CC16). MDR isolates were approximately 96% (n = 149). There was nearly
no coverage of the antibiotics quinupristin/dalfopristine, clindamycin, and erythromycin,
but there were elevated levels of streptomycin, gentamycin and ciprophloxacin, which
were observed to be under-optimal. Low vancomycin, linezolid and ampicillin resistance
were found and suggested for treating E. faecalis infection [292]. Alqasim [57] discovered
the frequency of 3-lactamases produced by E. coli. They analysed the transportation of
these isolates by suspicious antibiotic patterns at phenotypic and genotypic levels. A total
of 100 E. coli urine isolates were collected at a tertiary health facility in Riyadh from January
2018 to March 2018. All antimicrobial isolates were tested for susceptibility. The synthesis
of ESBL was separated in phenotypic and genotypic phases by double disc synergy testing
and a polymerase chain response. A variety of ESBL variations were identified using DNA
sequencing. Of the 100 E. coli isolates, 67 were associated with the phenotype of MDR. All
isolates were tolerant to all the antibiotics that were used, which were all vulnerable to
imipenemia. There were 33 phenotypic and genotypical isolates of ESBLs the in 100 iso-
lates of E. coli. For all ESBL-positive E. coli isolates, CTX m was an ESBL (31/33 isolates;
93.94 percent). In all CTX m carriage isolates, the CTX-M-15 variant was included. The
multiple ESBL carriage of 15-33 isolates (45.45%) was detected, with 11 (33.30%) ESBL
isolates, compared to four isolates (12.12%) with three ESBLs. A vast range of forefront
antibiotics were found by our study, which were frequently utilised for the treatment of
UTI patients with a high antimicrobial toleration of E. coli that generated ESBL. Among
the E. coli urinary isolates, the most common CTX m variants also had a high incidence of
ESBL channels. This is a serious concern and needs to be investigated further to find better
treatment options.

M. morganii isolates were highly resistant to many antibacterial agents and classified
as MDR bacteria from Bahrain [315], all of which had ESBL. The antibiotics, meropenem
and imipenem, were very effective against the M morganii isolates. In Jordan, 31 percent
of S. aureus were multidrug-resistant (MDR) among the S. aureus isolates from wound
samples [247]; however, they were vulnerable to chloramphenicol, linezolid, nitrofurantoin,
rifampicin, and teicoplanin (>80%). In Qatar, a pulsed-field gel electrophoresis analysis of
P. aeruginosa isolates from cystic fibrosis patients indicated a strong degree of resemblance,
indicating a unique adaptation of these clones to cystic fibrosis-affected lungs. The non-
cystic fibrosis, hospitalised cluster had a distinct clonal root with localised clustering and
potential hospital-acquired P. aeruginosa infections [221]. A. baumannii isolates from Al-
Thawra University hospital in Yemen were immune to almost all antibiotics examined, with
a high minimum inhibitory concentrations of imipenem, amikacin, and ciprofloxacin [168].
All three A. baumannii strains were positive for the modified Hodge test, and no inhibition
was observed on the activity of 3-lactamases. The naturally occurring blaOXA-51-like
gene, and the carbapenemase-encoding blaOXA-23-like gene, were observed in all three
isolates and detected with 165 rRNA methylase armA gene. A search for aminuglycoside
enzymes (AMEs)-producing genes identified the presence of acetyltransferase aac (6-Ib)
in one A. baumannii isolate. Fluoroquinolone resistance-associated GyrA genes with one
Ser83Leu variation were observed in all of the isolates. A multilocus sequence typing
demonstrated that all the isolates were sequence type 2 [168]. A case study in pediatric
patients from Saudi Arabia with combined immunodeficiency syndrome, reported treating
pneumonia caused by multidrug-resistant P. aeruginosa using ceftolozane/tazobactam,
which was recommended only for adult patients (>18 years) [241]. Peptide (AamAP1-
Lysine) antibiotic (chloramphenicol, levofloxacin, rifampicin, ampicillin and erythromycin)
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combinations proved a strong synergistic activity, causing a 64-fold reduction in multidrug-
resistant bacteria [344]. Colistin was effective and safe for treating MDR Acinetobacter
neonatal sepsis in neonatal units in Amman, Jordan [33].

5. Mining Natural and Novel Antimicrobials against MDR

The antibacterial activities against the most common multidrug resistance micro-
organisms associated with skin infections, were assayed using aqueous and ethanol extracts
from five native medicinal plants, most of which showed an antibacterial and antifungal
activity, with the highest activity found in the aqueous extract of Arum discoridis [345].
The experiments that characterised and measured the effect of honey on P. aeruginosa
quorum sensing networks revealed that low concentrations of honey decreased the ex-
pression of exotoxin A (ETA), las and rhl glucons, as well as the corresponding virulence
factors through the interruption of the quorum sensing system [346,347]. Edible plants
(Gundelie tournefortii L. and Pimpinella anisum L.) and the propolis of Apis mellifera [348]
were also considered as options for inhibiting the growth of MDR in combination with an-
tibiotics [69]. Lavender essential oil used against carbapenemase-producing K. preumonia [349],
extracts of Lawsania inermiss, Portulaca oleracea used against Candida albicans [350], and
Trachyspermum ammi extracts mediated the green production of metal-nanoparticles against
MDR Listeria monocytogenes and Serratia marcescens [351] and were reported as suitable for
the identification of novel antimicrobial agents against selective MDROs.

Ultrashort antimicrobial peptides (novel pentapeptide, UP-5) had a strong to moderate
efficacy against MDRO, with a low toxicity when used in conjunction with traditional
antimicrobials [352]. Alyteserin-2a, a cationic x-helical peptide recovered from the skin
secretions of Alytes obstetricans, showed an efficient activity against multidrug-resistant
Acinetobacter baumannii and Stenothrophomonas maltophilia [172]. Cuminaldehyde, a key
antibacterial ingredient of Calligonum comosum essential oil, was reported to have an
antibacterial activity against MDROs in a study from the United Arab Emirates [353].
Actinomycetes, specifically Streptomyces, Nocardiopsis sp., and MK MSt033 were discovered
to have an antimicrobial activity against a variety of MDROs [354]. Many peptides were
tested against MDR Acinetobacter baumannii [355-357]. Terminalia chebula, Terminalia bellirica,
and Phyllanthus emblica plants, traditionally used for treating microbial infections were
tested against MDR bacteria and fungi [358].

Buffalo milk lactoperoxidase against S. enterica and L. monocytogenes [359]; colistin
against MDR Acinetobacter [33]; lactic acid bacteria from raw camel milk [360]; peptides,
including hybrid peptides and ultrashort peptides [343,344,352]; ultrashort antimicrobial
peptide nanoparticles [356]; Isatin-benzoazine molecular hybrids [361]; chemical deriva-
tives [362-365]; extracts of Matricaria aurea [366]; extracts of Nepeta deflersiana [223]; Saudi
scorpion venoms [367]; artemisinin extract [368]; biocidal polymers [369]; microtubule de-
polymerizing agents [370]; ozonated water [250]; and marine Streptomyces sp [371] against
MDRO were all tested in the study region. Nanomaterials, nanoparticles and nanofor-
mulations [351,356,358,372,373], as well as silver nanomaterials derived from marine
Streptomyces [374] were also tested against the growth of multidrug-resistant micro-organisms.
Further studies are needed to understand the molecular mechanisms and future possibilities of
identifying pharmaceutically active compounds with potential medicinal applications.

6. Conclusions and Future Perspectives

The active surveillance and constant preventive efforts to control MDR infections
and associated diseases can improve healthcare facilities and the socio-economic sta-
tus of patients [375]. Specifically, MDR E. coli is predominantly associated with uri-
nary tract infections in pregnancy [54,61,102]. The emergence of multi drug-resistant
Candida albicans is prevalent among pregnant and non-pregnant women with vaginitis [299].
Listeria monocytogenes from patients with spontaneous abortions [310] and multidrug-
resistant clinical Enterococcus faecalis from pregnant women [292] highlight the need
for more precautions and constant monitoring, with the appropriate identification of
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MDR and susceptibility tests prior to medication. The development of a candidate vac-
cine and the early diagnosis of MDR infection shall be a better option for protection
against MDR infection. The most prevalent multidrug-resistant Escherichia coli, Mycobac-
terium tuberculosis, Acinetobacter baumannii, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Staphylococcus aureus, Acinetobacter, Enterobacteriaceae, Providencia spp., Streptococcus pneumoniae,
methicillin-resistant Staphylococcus aureus (MRSA), Klebsiella spp., Enterobacter, Proteus vulgaris,
Candida auris and Enterococcus in the Arabian Peninsula must be diagnosed accurately and
rapidly using advanced molecular techniques by developing region-specific diagnostic
tools. The control of infections by using specificity detecting systems is an important protec-
tion method against MDRO. One study develops a direct detecting system for Candida auris
by using a novel multiplex real-time quantitative PCR that has a high degree of specificity
in detecting different species-level of Candida [339]. However, in healthcare settings, more
detection methods are needed to detect MDRO strains within the species in clinical samples;
allowing a reduction in the evolving MDRO pathogenic species. The Arabian Peninsula is
rich in religious traditions. Notably, every year, more than 10,000,000 pilgrims visit Saudi
Arabia to perform the Umrah and Hajj. Multidrug-resistant Streptococcus pneumoniae [376],
Acinetobacter baumannii, Escherichia coli [377], Salmonella enterica [308], and Mycobacterium
tuberculosis [378] is observed among the pilgrims; however, it is relatively very low com-
pared to the total number of pilgrims, which indicates the successful surveillance and
management of these micro-organisms. International guidelines and recommendations
can be implemented for the management and complete prevention of MDRO, such as
guidelines for MDRO regarding mass gathering events. Networking MDRO research
strategies are mandatory among the countries of the Arabian Peninsula to fight against the
risk of MDRO infection and death. This research can enhance the sharing of information,
overcome the limited data availability, and identify molecular and physiological mecha-
nisms behind multidrug resistance. MDR co-infection with SARS-CoV-2 among COVID-19
patients shall also be considered to reduce the disease burden [379,380]. This review un-
covered the huge requirement for developing novel, safe, and sustainable antimicrobials
from natural and other resources to fight against MDRO. Food process parameters and
the overuse of antimicrobials require active surveillance to reduce resistance modulators.
The present cumulative observations will be informative for effective planning, designing
preventive strategies, and prioritizing research goals to achieve MDRO-free zones.
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