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Abstract
Evaluating trends in antibiotic resistance is a requisite. The study aimed to analyze the profile of multidrug-resistant organ-
isms (MDROs) among hospitalized patients with bacteremia in intensive care units (ICUs) in a large geographical area. This 
is a 1-month cross-sectional survey for blood-borne pathogens in 57 ICUs from 24 countries with different income levels: 
lower-middle-income (LMI), upper-middle-income (UMI), and high-income (HI) countries. Multidrug-resistant (MDR), 
extensively drug-resistant (XDR), or pan-drug-resistant isolates were searched. Logistic regression analysis determined 
resistance predictors among MDROs. Community-acquired infections were comparable to hospital-acquired infections 
particularly in LMI (94/202; 46.5% vs 108/202; 53.5%). Although MDR (65.1%; 502/771) and XDR (4.9%; 38/771) were 
common, no pan-drug-resistant isolate was recovered. In total, 32.1% of MDR were Klebsiella pneumoniae, and 55.3% of 
XDR were Acinetobacter baumannii. The highest MDR and XDR rates were in UMI and LMI, respectively, with no XDR 
revealed from HI. Predictors of MDR acquisition were male gender (OR, 12.11; 95% CI, 3.025–15.585) and the hospital-
acquired origin of bacteremia (OR, 2.643; 95%CI, 1.462–3.894), and XDR acquisition was due to bacteremia in UMI (OR, 
3.344; 95%CI, 1.189–5.626) and admission to medical-surgical ICUs (OR, 1.481; 95% CI, 1.076–2.037). We confirm the 
urgent need to expand stewardship activities to community settings especially in LMI, with more paid attention to the drugs 
with a higher potential for resistance. Empowering microbiology laboratories and reports to direct prescribing decisions 
should be prioritized. Supporting stewardship in ICUs, the mixed medical-surgical ones in particular, is warranted.

Keywords  Multidrug resistance · Infection control · Stewardship · Low- and upper-middle and high income · XDR · Pan-
drug resistance

Introduction

Antimicrobial resistance (AMR) has become widespread 
over the past several decades. Infections caused by multi-
drug-resistant organisms (MDROs) lead to increased hos-
pitalization and higher healthcare costs, require prolonged 
hospital stays, and result in higher mortality[1, 2]. MDROs 
are defined as microorganisms resistant to one or more 
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antimicrobial agents, and are usually resistant to all but one 
or two commercially available antimicrobial agents [3]. 
The problem of AMR seems to represent a special chal-
lenge in low-income countries characterized by the scarcity 
of biological and epidemiological data [4, 5]. Antimicrobial 
stewardship programs (ASPs) have been shown to improve 
patient outcomes, reduce antimicrobial resistance, and 
decrease the spread of infections caused by these MDROs 
[6]. The prevalence of these pathogens varies temporally and 
geographically and by healthcare setting. Evaluating trends 
in antibiotic resistance and communicating the results to a 
broad audience are important for dealing with this global 
threat [7]. Detailed analysis of the factors affecting MDROs’ 
profiles can provide insight into potential solutions to the 
problem. Thus, the current report aims to analyze the profile 
of MDROs among hospitalized patients with bacteremia in 
intensive care units (ICUs) in a large geographical area.

Patients and methods

This is a cross-sectional survey, conducted by Infectious 
Diseases International Research Initiative (ID-IRI) between 
the 1st and 30th November 2019. The ethical approval of the 
study was obtained from Trabzon Kanuni Hospital by Serhat 
Uysal. No funding source was involved.

Study settings

A total of 57 ICUs representing 24 countries from various 
geographical regions); Europe (Turkey, Portugal, Italy, Slo-
vak Republic, Serbia, France, Romania, Cyprus, Bosnia and 
Herzegovina, Kosovo, North Macedonia, Bulgaria, Belgium, 
Hungary), Middle East and North Africa (Egypt, Lebanon, 
Oman, Iran, Palestine), South Asia (Bangladesh, Pakistan, 
India), Latin America and the Caribbean (Puerto Rico), and 
East Asia (Thailand). Different economic levels were repre-
sented: lower-middle-income (LMI (n = 13), upper-middle-
income (UMI) (n = 33), and high-income (HI) countries 
(n = 11), as per the World Bank [8]. The participating ICUs 
were medical (16), surgical (14), medical-surgical (20), and 
neonatal and pediatric units (7).

Case definition

All patients in the participating ICUs diagnosed with bac-
teremia were eligible for inclusion. Bacteremia was defined 
as the association of at least one positive blood culture and 
a prescription of a systemic antibiotic treatment to treat bac-
teremia. For common skin contaminants, such as coagulase-
negative staphylococci (CoNS), at least two different sets 
of blood cultures were required. Only pathogenic bacteria 
isolated from blood cultures were included and contaminants 

were excluded from the analysis. Strict adherence to aseptic 
conditions during specimen collection was assured of by the 
research team.

Data collection

Clinical and microbiological data were collected regardless 
of the cause of bacteremia. An online questionnaire was pre-
pared via Google forms for every enrolled patient. In each 
ICU, data were submitted by the researcher who is commit-
ted as per institutional agreement to collaborate in the study.

Antimicrobial susceptibility testing

Results of antimicrobial susceptibility testing were accepted 
if carried out in line with international standards, which 
were the European Committee on Antimicrobial Suscepti-
bility Testing (EUCAST) or Clinical and Laboratory Stand-
ards Institute (CLSI) methodology and guidance. Automated 
systems and disc diffusion methods are accepted as per the 
mentioned guidelines. Colistin and vancomycin testing 
results were included in the analysis if microdilution method 
is used.

Definitions

Multidrug-resistant (MDR) pathogen is defined as non-sus-
ceptibility to > one agent in > three antimicrobial categories. 
Extensively drug-resistant (XDR) is defined as non-suscep-
tibility to at least one agent in all but two or fewer antimi-
crobial categories (i.e., bacterial isolates remain susceptible 
to only one or two categories). Pan-drug-resistant (PDR) is 
defined as non-susceptibility to all agents in all antimicro-
bial categories (i.e., no agents tested as susceptible for that 
organism) [9]. Patients with bacteremia without detectable 
organ infection are included in bacteremia of unknown ori-
gin (BUO) category [10]. Specific resistance patterns were 
defined as reported earlier: methicillin-resistant Staphylo-
coccus aureus (MRSA), vancomycin-resistant Enterococci 
(VRE), carbapenem-resistant Enterobacteriaceae (CRE), 
MDR Acinetobacter [11], and extended spectrum beta-lacta-
mase-(ESBL) producing Gram-negative bacilli [12]. Positive 
specimens obtained on day 1 (admission date), day 2, and 
day 3 of admission were classified as community-onset, and 
positive specimens obtained on or after day 4 were classified 
as healthcare facility-onset [10].

Statistical analyses

Data were coded, validated, and analyzed using SPSS, 
version 22 (Armonk, NY: IBM Corp.). In minimizing the 
selection bias for the participating countries, we used cluster 
sampling method for the selection of ICUs. Each ICU itself 
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is a mini-representation of the other ICUs in the countries 
since the selected ICUs’ population is heterogeneous. For 
this reason, selected ICUs represent the other ICUs in the 
population. In addition, we did not provide comparisons 
based on countries of the participating centers. Rather, we 
stratified the countries according to their economical sta-
tuses into three as LMI, UMI, and HI countries.

Continuous quantitative variables were expressed as the 
mean ± SD and median (range), and categorical qualitative 
variables were expressed as absolute frequencies (number) and 
relative frequencies (percentage). Continuous data were checked 
for normality by using the Shapiro–Wilk test. One-way ANOVA 
f-test was used to compare more than two groups of normally 
distributed data. Categorical data were compared using Chi-
square test (χ2 test). All tests were two-sided. p < 0.05 was con-
sidered statistically significant, p < 0.001 was considered highly 
statistically significant (HS), and p-value ≥ 0.05 was considered 
insignificant (NS). We performed a univariate analysis for risk 
factors and a multivariate regression analysis for the factors pre-
dicting the acquisition of MDR or XDR microbes.

Results

A total of 771 patients were included in the study. Their ages 
ranged from 1 month to 93 years (57.8 ± 19.6). The patients were 
enrolled from different types of ICUs: medical (n = 311), surgical 
(n = 189), medical-surgical (n = 219), and neonatal and pediatric 
(n = 52). The investigated pathogens were isolated from various 
infections: BUO (n = 345, 44.7%); pneumonia (n = 179, 23.2%); 
UTI (n = 88, 11.4%), skin and soft tissue infections (n = 46, 
6.0%); intra-abdominal infections (n = 50, 6.5%); cardiac infec-
tions (n = 18, 2.3%); septic shock (n = 18, 2.3%); arthritis (n = 4, 
0.5%); other respiratory infections (n = 7, 0.9%); central nervous 
system (CNS) infections (n = 8, 1%); and others (n = 8, 1%).

Origin of infections

Two-thirds of the isolates (537/771, 69.6%) were recov-
ered from hospital-acquired infections (LMI (n = 108, 
20.1%), UMI (n = 325, 60.5%), HI (n = 104, 19.4%)) 
and the rest of them (234/771, 30.4%) were isolated 
from community-acquired infections (LMI (n = 94), 
UMI (n = 107), HI (n = 33)). A significant association 
was reported between the infection onset and income 
level (p = 0.001) (Fig. 1, Table 1). The most common 
hospital-acquired pathogens were Klebsiella pneumoniae 
(128/537, 23.8%), CoNS (96/537, 17.9%), Acinetobacter 
baumannii (59/537, 11%), and S. aureus (48/537, 8.9%) 
in descending order. On the other hand, Escherichia 
coli (50/234, 21.4%), K. pneumoniae (49/234, 20.9%), 
S. aureus (39/234, 16.7%), and CoNS (24/234, 10.2%) 
were the most common isolates in community-onset 
infections.

Antibiotic susceptibility patterns

The susceptibility rates for Enterococcus faecalis (18/18, 
100%), Enterococcus faecium (17/17, 100%), S. aureus 
(82/83, 98.8%), and CoNS (106/112, 94.6%) to linezolid 
were high. Vancomycin susceptibility rates were as fol-
lows: S. aureus (80/80, 100%), CoNS (109/110, 99.1%), 
E. faecalis (17/18, 94.4%), and E. faecium (10/19, 
52.6%). Meropenem susceptibility rates were incon-
stant for E. coli (59/81, 72.8%), K. pneumoniae (72/171, 
42.1%), and Pseudomonas aureginosa (21/57, 36.8%) as 
the prominent Gram-negative bacilli. Colistin showed 
varying susceptibility rates for E. coli (51/52, 98.1%), P. 
aureginosa (42/44, 95.5%), A. baumannii (42/44, 95.5%), 
and K. pneumoniae (108/123, 87.8%) (Tables 2, 3).

Fig. 1   Onset of infection 
across different income levels. 
It illustrates the distribution 
of community- and hospital-
acquired origin of infections 
across different income levels: 
LMI, lower-middle income; 
UMI, upper-middle income; HI, 
high income

94 (12.2%)
107 (13.8%)

33 (4.3%)
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Table 1   Distribution of isolated 
bacteria according to the origin 
of infection

MDROs multidrug-resistant organisms, MDR multidrug resistant, XDR extensive drug resistant, CONS 
coagulase-negative staphylococci

Hospital-acquired
(n = 537)

Community-acquired
(n = 234)

Total isolates
(n = 771)

A. baumanii 59 (11.0%) 5 (2.1%) 64 (8.3%)
Acinetobacter, untyped 19 (3.5%) 2 (0.9%) 21(2.7%)
Acinetobacter, subtotal 78 (14.5%) 7 (3%) 85 (11%)
K. pneumoniae 128 (23.8%) 49 (20.9%) 177 (23.0%)
K. oxytocae 8 (1.5%) 1 (0.4%) 9 (1.2%)
Klebsiella, subtotal 136 (25.1%) 50 (21.3%) 186 (24.2%)
P. aeruginosa 39 (7.3%) 19 (8.1%) 58 (7.5%)
E. coli 38 (7.1%) 50 (21.4%) 88 (11.4%)
Proteus, subtotal 6 (1.2%) 11 (4.7%) 17 (2.2%)
Citrobacter, subtotal 4 (0.7%) 4 (1.7%) 8 (1%)
Enterobacter, subtotal 19 (3.5%) 4 (1.8%) 23 (2.9%)
S. maltophilia 9 (1.7%) 0 9 (1.2%)
S. marcescens 8 (1.5%) 3 (1.3%) 11 (1.4%)
P. stuartii 5 (0.9%) 0 5 (0.6%)
A. hydrophilia 4 (0.7%) 0 4 (0.5%)
M. morganii 3 (0.6%) 0 3 (0.4%)
S. aureus 48 (8.9%) 39 (16.7%) 87 (11.3%)
CONS 96 (17.9%) 24 (10.2%) 120 (15.6%)
Staphylococci, subtotal 144 (26.8%) 63 (26.9%) 207 (27.9%)
Enterococci, subtotal 33 (6.1%) 8 (3.4%) 41 (5.3%)
Streptococci, subtotal 2 (0.4%) 10 (4.8%) 12 (1.8%)
Others 9 (1.7%) 5 (2.1%) 14 (1.8%)

Table 2   The antibiotic 
susceptibility patterns of 
common Gram-positive 
pathogens

Susceptibility for tested antibiotics: n (the number of isolates susceptible to a certain antibiotic)/N (the total 
number of isolates tested against a certain antibiotic) (%)
** MRSA, detailed in the text, was diagnosed with cefoxitin, methicillin, or oxacillin disks; SXT, trimetho-
prim-sulfamethoxazole
CoNS: Coagulase-negative Staphylococci

S. aureus E. faecium E. faecalis CoNS

Ampicillin 4/ 42 (9.5) 14/17 (82.4) 14/30 (46.7)
Amoxicillin-clavulanate 13/31 (41.9) 0/4 (0) 9/11 (81.8) 11/40 (27.5)
Ceftriaxone 9/30 (30) 0/1 (0) 0/3 (0) 6/27 (22.2)
Ciprofloxacin 34/72 (47.2) 1/9 (11.1) 7/14 (50) 11/ 64 (17.2)
Clindamycin 50/74 (67.6) 0/2 (0) 0/ 3(0) 46/104 (44.2)
Daptomycin 40/41 (97.6) 3/3 (100) 2/2 (100) 40/41 (97.6)
Erythromycin 33/78 (42.3) 0/3 (0) 0/4(0) 36/109 (33)
Gentamycin 50/ 73 (68.5) 5/16 (31.3) 8/17 (47.1) 35/99 (35.4)
Linezolid 82/83 (98.8) 17/17 (100) 18/18 (100) 106/112 (94.6)
Oxacillin 21/62 (33.9) ** 0/1 (0) 9/55 (16.4)
Rifampicin 39/56 (69.6) 0/1 (0) 1/1 (100) 48/ 77 (62.3)
SXT 45/71 (63.4) 0/5 (0) 2/6 (33.4) 41/88 (46.6)
Tetracycline 28/53(52.8) 2/3 (66.7) 1/1 (100) 48/74 (64.9)
Tigecycline 58/60 (96.7) 9/11 (81.8) 9/9 (100) 61/64 (84.6)
Vancomycin 80/80 (100) 10/19 (52.6) 17/18 (94.4) 109/110 (99.1)
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Multidrug resistance patterns

Five hundred and forty-one isolates (541/771, 70%) were 
MDROs including 502 isolates that showed MDR type of 
resistance (502/771, 65.1%) while 38 isolates showed the XDR 
profile (38.771, 4.9%). No PDR bacteria were isolated. Among 
the MDR pathogens, K. pneumoniae (161/502, 32.1%) was 
the commonest followed by CoNS (68/502, 13.6%), E. coli 
(64/502, 12.7%), and S. aureus (60/502, 12%). Out of XDR 
isolates, 55.3% (21/38) were A. baumannii (Fig. 2). Isolated 
MDROs showed a statistically significant distribution across 
different income levels, p < 0.001: MDR rates were as follows: 
LMI (n = 130/502, 25.9%), UMI (n = 295/502, 58.8%), and HI 
(n = 77/502, 15.3%). XDR rates were 44.8% in LMI (n = 17/38) 
and 55.3% in UMI (n = 21/38).

Certain resistance profiles

ESBL producers (255/771, 33.1%), MRSA (54/771, 7%), 
CRE (32/771, 4.2%), and VRE (12/771, 1.6%) were not rare 
in this study. The majority of ESBL producers, CREs, and 
VRE isolates were K. pneumoniae (n = 94/185, 50.8%), E. 
coli (n = 24/32, 75%), and E. faecium (n = 11/12, 91.7%) 
strains in descending order (Table 4).

MDRs and infectious syndromes

The MDROs showed a statistically significant association 
with different infectious syndromes (p < 0.001). Among BUO 
cases, 61.5% (212/345) were infected with MDR pathogens 
and 3.4% (12/345) of the cases were infected with bacteria 

Fig. 2   Common MDR and 
XDR bacteria. It illustrates the 
microbial isolates that are of 
multi-drug resistance (MDR) 
or extensive drug resistance 
(XDR) types. CoNS, coagulase 
negative staphylococcus
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of XDR type. Higher rates of MDR pathogens were reported 
from pneumonia (133/179, 74.3%) and 7.8% (14/179) were 
of XDR isolates. In UTIs, 68.2% (60/88) of the isolates were 
MDRs and 5.7% (5/88) were XDR types. Skin and soft tis-
sue infection cases showed that 60.9% isolates (28/46) were 
MDRs and 6.5% of the isolates (3/46) were XDR types. Only 
one XDR isolate was detected from each of intra-abdomi-
nal infections, and cardiac and CNS infections with rates 
of 2% (n = 1/50), 5.6% (1/18), and 12.5% (1/8) respectively. 
The MDR rates of the aforementioned infections were 76% 
(38/50), 33.3% (6/18), and (4/8) 50% respectively. Although 
no XDR isolates were detected from septic shock and arthritis, 
MDR rates were 77.8% (14/18) and 50% (2/4), respectively.

Resistance and its relations

Significant association was seen between specific resist-
ance pattern and each of income level and infection origin 
(p = 0.000). MDR acquisition is significantly associated 
with male gender (X2 = 3.99, p = 0.045), getting infected 
in upper-middle-income setting (X2 = 6.56, p = 0.038), 
admission to medical ICUs (3) (X2 = 21.47, p = 0.000), 
and the hospital-acquired origin of bacteremia (X2 = 7.04, 
p = 0.0008). For XDR isolates, a statistically significant 
association was recorded for acquiring bacteria in UMI 
setting (X2 = 12.36, p = 0.002), and admission to medical-
surgical ICU (X2 = 15.79, p = 0.001) (Table 5).

Predictors of MDR/XDR acquisition

Male gender (odds ratio [OR], 12.11; 95% confidence 
interval [CI], 3.025–15.585) and bacteremia from hospital-
acquired origin (OR, 2.643; 95%CI, 1.462–3.894) were the 
predictors of MDR acquisition. On the other hand, bacte-
remia in UMI setting (OR, 3.344; 95%CI, 1.189–5.626) or 
in medical-surgical ICUs (OR, 1.481; 95%CI, 1.076–2.037) 
was the predictor of XDR acquisition (Table 6).

Discussion

Our study is based on patients hospitalized in ICUs, and we 
analyzed the patterns of MDROs among bacteremic patients 
in a large geographic area. We presented the variations in 
rates and patterns across various clinical presentations, 
income levels, and origins of infections. Our study sheds 
light on the many challenges in appropriate antimicrobial 
usage. In this study, the most common pathogens with MDR 
profile were Klebsiella strains while Acinetobacter species 
had presented the highest XDR profiles. In addition, we have 
disclosed that community-acquired infections made up one-
third of the infections inside the ICUs, and were comparable 
to hospital-acquired infections in LMI countries in particu-
lar. Although MDR bacteria were isolated from LMI and HI 
countries most commonly, XDR bacteria were isolated from 
LMI countries solely. Fortunately, PDR bacteria were not 
isolated. Although high susceptibility rates were recorded 
for last resort antibiotics, the efficacy of vancomycin was 
hampered in Enterococcal infections compared to linezolid, 
and carbapenems were troubled in common Gram-nega-
tive bacillary infections. Nearly half the investigated sub-
jects were diagnosed as BUO lacking specified diagnoses, 
where source control attempts will be blurred. Pneumonia 
was the most common infection following BUO. We found 
that predictors of MDRO acquisition were male gender and 
hospital-acquired infections for MDR pathogens while UMI 
country settings and medical-surgical ICUs were for XDR 
pathogens.

The difference in microorganisms and resistance patterns 
for infections acquired in the community compared with hos-
pital settings may deliver data for national, healthcare facility, 
and community AS programs [13]. Patients with community-
acquired infections taken directly from the emergency depart-
ments to the ICUs are a nonnegligible group [14]. In this 
report, the rate of community-acquired infections was 30.4%, 
highlighting the need to support the prevention efforts in 
community settings. The rates of MDR and XDR pathogens 
in community and hospital settings were significantly higher 

Table 4   Distribution of specific 
resistance types according to 
onset of infection and income 
level

MDR, multidrug resistant; XDR, extensively drug resistant; ESBL, extended spectrum beta-lactamase-pro-
ducing gram-negative bacilli; CRE, carbapenem-resistant Enterobacteriaceae; VRE, vancomycin-resistant 
Enterococci; Acineto, Acinetobacter; MRSA, methicillin-resistant Staphylococcus aureus
MRSA was isolated from 54 S. aureus infected cases. VRE was isolated from 11 E. faecium and one E. 
faecalis isolates

Resistance types ESBL
n = 255

CRE
n = 32

VRE
n = 12

MDR, Acineto n = 75 MRSA
n = 54

p

Hospital-acquired 185 (72.5%) 14 (43.8%) 12 (100%) 68 (90.7%) 36 (66.7%) 0.00
Community-acquired 70 (27.5%) 18 (56.3%) - 7 (9.3%) 18 (33.3%)
Lower–middle income 77 (30.2) 11 (34.4) 3 (25) 27 (36) 19 (35.2) 0.00
Upper–middle income 149 (58.4) 21 (65.6) 6 (50) 38 (50.7) 29 (54.7)
High income 29 (11.4) 0 (0) 3 (25) 10 (13.3) 6 (1.1)
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in LMI and UMI settings than the settings in HI countries. 
Similar to our findings, a previous report of the International 
Nosocomial Infection Control Consortium showed that the 

prevalence of AMR organisms causing hospital-acquired 
infections in ICUs in LMI countries was much higher than 
those in the USA [15]. Affordable antimicrobials and the lack 
of ASPs either in the hospitals or in the community with poor 
control of over-the-counter sales could be the main drives for 
such emergence in LMI countries [16]. Since AMR is one 
of the greatest public health threats, bullying the practice 
of clinical medicine, reducing AMR requires organized and 
multidisciplinary ASPs supported by political commitment, 
resources, and practical managements.

Our analysis revealed high susceptibility rates for “last 
resort” antibiotics such as linezolid (94.6–100%) and colistin 
(87.8–98.1%). Relatively lower susceptibility rates to antibi-
otics that are more prone to be a target of antibiotic resistance 
as vancomycin (52.6–100%), meropenem (36.8–72.8%), and 
ciprofloxacin (3.4–69.7%) were reported. On the other hand, 
tigecycline showed higher susceptibility rates for both Gram-
negative (81.8–97.9%) and Gram-positive (84.6–100%) iso-
lates. Because of the increasing prevalence of Gram-neg-
ative MDROs worldwide, previously discarded antibiotics 
are being re-evaluated [17]. Accordingly, we have disclosed 
that doxycycline showed 97.6% susceptibility rate against 

Table 5   The results of 
univariate analysis in 
determining resistance type

MDR, multidrug resistant; ICU, intensive care unit; XDR, extensively drug resistant

MDR risk factors Non-MDR (n = 269) MDR (n = 502) t/ X2 p value

Age 54.52 ± 18.6 57.21 ± 17.63 1.61 0.107
Gender Female 130 (48.3%) 206 (41.0%) 0.045

Male 139 (51.7%) 296 (59.0%) 3.99
Income levels Low middle 72 (26.7%) 130 (25.9%) 0.038

Upper middle 138 (51.1%) 295 (58.8%) 6.56
High 60 (22.2%) 77 (15.3%)

ICU type Medical 110 (40.9%) 201 (40.0%) 0.00
Surgical 73 (27.1%) 116 (23.1%)
Medical-surgical 56 (20.8%) 163 (32.5%) 21.47
Neonatal, pediatric 30 (11.2%) 22 (4.4%)

Infection origin Hospital-onset 171 (63.6%) 366 (72.9%) 0.008
Community-onset 98 (36.4%) 136 (27.1%) 7.04

XDR risk factors Non-XDR
(n = 733)

XDR
(n = 38)

t/ X2 p value

Age 56.19 ± 16.58 58.30 ± 14.63 0.588 0.557
Gender Female 305 (41.6%) 21 (55.3) 2.19 0.13

Male 428 (58.4%) 17 (44.7%)
Income levels Low middle 185 (25.2%) 17 (44.7%) 12.36 0.002

Upper middle 411 (56.1%) 21 (55.3%)
High 137 (18.7%) 0 (0.0%)

ICU type Medical 306 (41.7%) 5 (13.2%) 15.79 0.001
Surgical 174 (23.7%) 15 (39.5%)
Medical-surgical 202 (27.6%) 17 (44.7%)
Neonatal and pediatric 51 (7.0%) 1 (2.6%)

Infection origin Hospital-onset 514 (70.1%) 23 (60.5%) 1.58 0.208
Community-onset 219 (29.9%) 15 (39.5%)

Table 6   The results of logistic regression analysis in determining 
resistance type

MDR, multidrug resistant; ICU, intensive care unit; XDR, extensively 
drug resistant
1 Male gender and hospital origin of infection are the independent pre-
dictors
2 Upper–middle income level, and medical-surgical ICU are the inde-
pendent predictors

Wald p OR 95% CI

MDR risk factors1 Lower Upper
  Gender 6.902 0.009 12.11 3.025 15.585
  Income level 1.722 0.396 1.902 0.711 5.144
  Type ICU 2.012 0.912 1.009 0.863 1.179
  Infection origin 6.883 0.009 2.643 1.462 3.894

XDR risk factors2

  Income level 12.157 0.00 3.344 1.189 5.626
  Type ICU 5.821 0.016 1.481 1.076 2.037
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staphylococcal isolates in this report. On the other hand, 
gentamycin displayed (62.8–92.8%) susceptibility rates for 
Gram-negative bacilli other than A. baumannii. These rates 
alarm the need to adapt empirical therapeutic treatments in 
accordance with the local antibiotic-resistance epidemiol-
ogy and monitor the use of antibiotics. The WHO AWaRe 
categorization list could guide the proper antibiotic selection 
by illustrating which are the preferred antibiotic options for 
each syndrome, balancing benefits, harms, and the potentials 
for resistance [18].

The prevalence of infections sustained by MDR bacteria in 
ICU patients varies in the different regions of the world. An 
earlier worldwide study showed on average a 47.8% MDRO 
rate, including 20.5% and 0.5% of isolated microorganisms 
with XDR and PDR patterns, respectively, with a consist-
ent variability among participating countries ranging from 
8% to more than 75–80% [19]. We reported a higher rate of 
MDROs (70%), including 65.1% and 4.9% of isolates with 
MDR and XDR patterns. No PDR isolates were recorded in 
our analysis, yet the limited number of agents tested in rou-
tine susceptibility testing may provide an explanation, e.g., 
colistin, ciprofloxacin, tigecycline, and vancomycin were not 
tested for each isolate. As evident in our study, the variation 
between centers in antibiotics used for routine testing may be 
a limitation in reporting the actual rates of MDR and XDR 
isolates [9]. Another challenge that may have led to under-
estimation of the exact resistance rates was the necessity 
of micro-inhibitory concentration (MIC) testing to certain 
types of antibiotics as colistin, which is not usually avail-
able in routine susceptibility testing. Thus, in this study, we 
excluded the susceptibility testing results against vancomycin 
and colistin if the testing method was not a MIC technique. 
Although previously recommended [2, 20], we still need to 
support the use of microbiology reports to direct prescribing 
decisions, particularly in LMI countries where the standard 
international definitions may not be applied due to weaker 
laboratory capacity or insufficient resources for the sustain-
ability of international definitions [21]

Predictors for the acquisition of MDROs as the agents of 
bloodstream infections would actually be valuable, assist-
ing empirical treatment when infection occurs in ICUs. We 
reported male gender as the independent predictor of MDR 
acquisition (OR, 12.11; 95%CI, 3.025–15.585). Similar 
results were published by Wang et al. [22]. The hospital-
acquired bacteremia was another predictor (OR, 2.643; 
95%CI, 1.462–3.894) that was published in earlier studies 
where researchers concluded the carriage of MDROs, inva-
sive devices, and excessive use of broad-spectrum antibiotics 
among hospitalized patients as principal sources of MDRO 
acquisition [23]. Routine screening of MDROs and limit-
ing unnecessary use of broad-spectrum antimicrobial treat-
ment should be encouraged [23, 24]. By regression analy-
sis, we revealed that ICU type “medical-surgical ICU” is 

an independent predictor (OR, 1.481; 95%CI, 1.076–2.037) 
for XDR acquisition. This may be due to the fact that this 
type of ICUs usually specializes in the care and treatment of 
complex conditions, and treat patients who need advanced 
respiratory and circulation support by entailing excessive 
use of invasive devices in the critically ill patients [25].

In our report, a majority of cases (44.7%) were diagnosed 
as bacteremia without detectable organ infection for which 
61.5% were of MDR and 3.4% were of XDR types. Although 
the decision basically includes identifying the infectious 
focus for proper antibiotic use, there are many comorbid 
conditions in patients in the ICUs ranging from infarcts to 
hematomas which may mask detecting the primary infec-
tious site, and this may lead to inappropriate or excessive 
antibiotic administration [10]. Hence, rigorous diagnostic 
workup seems necessary for clarification. In addition, con-
sidering pneumonia as the most common established clinical 
diagnosis and with its specific features in the ICUs [26, 27], 
use of microbiological data as a marker to guide antimicro-
bial treatment would, then, be of great help.

Several limitations of the current study are worth men-
tioning. First, the distribution of the participating ICUs is not 
representative of the populations or healthcare systems in the 
24 participating countries. In some countries, the number of 
included patients was small. Hence, we stratified our data 
in accordance with the economic status of the countries to 
overcome this limitation. Second, each participating center 
performed laboratory tests according to their own local pro-
tocols. Neither were all the isolates tested against the same 
antibiotics nor the panels of tested antibiotics uniform in 
all ICUs. Finally, clinical outcomes, severity status (e.g., 
SOFA score), and comorbidity data are not included and 
the study mostly focused on microbiological parameters. In 
conclusion, our report confirms that the current high rate of 
MDROs is alarming and there is an urgent need to expand 
ASPs to community settings, particularly in low-income set-
tings. Appropriate antibiotic use is a must, with high priority 
to antibiotics with a higher potential for resistance. Equip-
ping and empowering microbiology laboratories should be 
prioritized in AS plans. The use of microbiology reports to 
direct prescribing decisions should be a central focus of AS 
activities, particularly in LMI countries. Continuous efforts 
to implement ASPs in ICUs are warranted.
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