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Abstract
Background  Despite tremendous efforts to prevent central line-associated bloodstream infections, they still remain 
life-threatening complications among hospitalized patients with significant morbidity and mortality worldwide. The 
emerging antibiotic-resistant bacteria and other risk factors, including patient comorbidities, complicate patient 
management.

Methods  A single-center retrospective observational study was conducted at King Fahad Hospital of the University, 
Eastern Province, Saudi Arabia. Hospitalized patients with confirmed central line-associated bloodstream infections 
between January 2015 and December 2020 were included. The primary objectives were to investigate the trends 
in antibiotic susceptibility patterns of the causative agents, coexisting comorbid conditions, and other risk factors 
associated with mortality.

Results  A total of 214 patients with confirmed central line-associated bloodstream infections were included (CLABSI). 
The overall 30-day mortality rate was 33.6%. The infection rates per 1000 central line days for medical, surgical, and 
pediatric intensive care units were 4.97, 2.99, and 4.56 per 1000 CL days, respectively. The overall microbiological 
trends showed a predominance of Gram-negative agents, a steady increase of fungal CLABSI up to 24.0% in 2020, and 
a high prevalence of multidrug resistance up to 47% of bacterial CLABSI. In addition, the study indicates a significant 
negative surviving correlation with diabetes mellitus, cardiovascular disease, lung disease, chronic kidney disease, and 
the presence of ≥ 3 comorbidities (P < 0.05).

Conclusion  The microbiological trends of the study population demonstrated a steady increase of CLABSI caused 
by Candida spp. with a predominance of Gram-negative pathogens. Stratifying the patients according to relevant 
mortality risk factors, including patient comorbidities, will help reduce CLABSI rates and improve patient outcomes.
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Background
Central line-associated bloodstream infection (CLABSI) 
is a significant cause of morbidity and mortality world-
wide, associated with more extended hospital stays 
and higher healthcare costs [1]. The primary source of 
CLABSI is the contamination with microorganisms dur-
ing catheter insertion, blood transfusion, drug injection, 
or parenteral nutrition. Additionally, endogenous source 
of microorganisms that may cause CLABSI should be 
considered. The International Nosocomial Infection 
Control Consortium (INICC) reported a CLABSI rate 
of 4.1/1000 Central Line (CL) days with a crude pool 
mortality of 38.4% based on data from 703 ICUs in 50 
developing countries [2]. A study from six tertiary care 
hospitals in three Gulf countries (Bahrain, Oman, and 
Saudi Arabia) analyzed the data of 461 CLABSIs during 
six years with an overall CLABSI rate of 3.1 per 1000 CL 
days [3]. Another study, including 12 Ministry of Health 
hospitals in Saudi Arabia, reported CLABSI rates of 2.2–
10.5/1000 CL days [4]. Al-Tawfiq et al. reported that after 
implementing a CLABSI prevention bundle in a Saudi 
Arabian hospital, the CLABSI incidence had been signifi-
cantly reduced from 16.3 to 6.1/1000 CL days [5]. How-
ever, the burden of CLABSI fluctuates even with best 
practices, which indicates the need to improve preven-
tion techniques and identify the risk factors in different 
patient populations [6].

Emerging healthcare-associated infections caused 
by bacteria nick-named “superbugs,” that have become 
more resistant to most available antibiotics, add another 
complicated dimension to the management of CLABSI. 
The list of multidrug-resistant organisms (MDRO) has 
continued to grow, with most of them belonging to the 
“ESKAPE” group that includes Enterococcus faecium, 
Staphylococcus aureus, Klebsiella pneumoniae, Aci-
netobacter baumannii, Pseudomonas aeruginosa, and 
Enterobacter spp. A study from South Korea showed a 
gradually increased frequency of Gram-negative bacteria 
for CLABSI from 24.6 to 32.6%, along with an increased 
resistance rate of A. baumannii [7]. In a study that 
included intensive care unit (ICU) patients from 1,791 
facilities worldwide, 48.9% of S. aureus CLABSI isolates 
were MRSA, and 27.7% of Klebsiella CLABSI isolates 
were extended-spectrum cephalosporin-resistant [8]. 
Also, emerging resistant Candida species, such as C. gla-
brata, C. lusitaniae, and C. auris, are important causative 
agents, especially in severely ill patients, hence compli-
cating the course of treatment of other underlying dis-
eases with increased morbidity and mortality.

The risk factors for developing CLABSI include pro-
longed duration of CL, longer ICU stays, use of multiple 
CLs, higher APACHE scores, blood transfusion, and 
parenteral nutrition [9–12]. Most CLABSI prevention 
studies concentrate on applying different prevention 

strategies and measures to decrease the CLABSI rate, 
such as reducing CL days, assignment of a dedicated 
team, daily surveillance, a well-structured training pro-
gram for healthcare workers inserting CLs and IV can-
nulations, and the use of ultrasound for CL insertion if 
possible [13]. However, there is a paucity of data regard-
ing patient-related predisposing risk factors for devel-
oping CLABSI in the literature. Pepin et al. found that 
developing CLABSI was associated with cerebrovascular 
disease, chronic liver disease, and chronic renal insuffi-
ciency [14]. Harris et al., using the Delphi method in their 
study, have generated a list of comorbidities that should 
be investigated as risk factors for CLABSI and surgical 
site infections. This list includes but is not limited to, 
diabetes mellitus, dementia, drug abuse, hemiplegia or 
paraplegia, HIV/AIDS, malignancies, severe liver disease, 
and renal disease [15]. Furthermore, multiple factors that 
affect human immunity can cause immune dysfunction 
or immune dysregulation, predisposing patients to more 
severe infections with higher mortality rates, such as 
obesity, diabetes, distress, and advanced age [16, 17].

Effective and long-term CLABSI prevention requires 
evidence-based best practices and suitable implementa-
tion strategies that consider the procedural, microbio-
logical, environmental, and patient factors interplaying 
in developing CLABSI and other Healthcare-associated 
infections. Hence, the objectives of this study were to (I) 
Determine the trends in the causative agents of CLABSI 
during the study period and their antibiogram, (II) Inves-
tigate the risk factors and comorbidities that may be 
associated with higher mortality among adult patients 
with CLABSI.

Methods
Study design, settings, and participants
We performed a single-center retrospective observa-
tional study at King Fahad Hospital of the University 
(KFHU), an academic tertiary medical center with 502 
beds in Al-Khobar city, Eastern Province, Saudi Arabia. 
All included patients fulfill the inclusion criteria as per 
the CDC definition:

1.	 Patients of all age groups who were hospitalized 
during the study period.

2.	 During the hospitalization, the case developed a 
laboratory confirmed bacteremia after having CL 
insertion within the 48-hour period before the 
development of the infection.

The exclusion criteria were:
1.	 Patients with CL who developed secondary 

bloodstream infections related to an infection from 
another focus.

2.	 Patients who had been referred to other hospitals 
before completing treatment of CLABS.
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The required powered sample size was 126, based on the 
World Health Organization calculator of sample size and 
our laboratory prevalence of 12% CLABSI amongst all 
bloodstream infections using a 95% confidence interval 
[18].

Data collection
Daily infection control notes, patient hard hospital files, 
and electronic hospital records were reviewed to col-
lect needed information about demographic character-
istics, the indication of CL (Temporary or permanent), 
days of hospitalization before CLABSI, days before onset 
CLABSI after line insertion, type of the inserted CL 
(Non-tunneled, tunneled, peripherally inserted central 
catheter [PICC], or Port-a-Cath), lumens (single or mul-
tiple), and site (Jugular, subclavian, femoral, umbilical, 
or other sites). Clinical data related to underlying medi-
cal conditions, mortality at the event period, and 30-day 
mortality have been collected. In addition, microbiologi-
cal data about causative pathogens, such as the frequency 
of Gram-positive, Gram-negative, and fungal CLABSI 
agents and antimicrobial susceptibility information of 
each causative agent, were also collected. The mecha-
nisms of resistance for common pathogens were identi-
fied through automated VITEK II screening (Biomerieux, 
USA) and manual confirmation following the diagnos-
tic testing methods as described by the M100 Perfor-
mance Standards for Antimicrobial Susceptibility Testing 
including MRSA, VRE, ESBL, CRE, MDR and XDR phe-
notypes (CLSI 30th Edition, 2020) and the genotypic 
assay Genexpert carba-r, Xpert® MRSA/SA, and the Bio-
Fire BCID2 Panel. [19, 20] As per the institutional infec-
tion control policy, these phenotypes were placed under 
contact precautions; cohorting was only done in identical 
phenotypes outside the critical care settings.

Statistical analysis
Data were collected using a Microsoft Excel sheet and 
then imported after cleaning for statistical analysis using 
the Statistical Package for Social Sciences (SPSS) version 
26.0, IBM, USA. The normality of data was tested by the 
Shapiro-Wilk test. Categorical variables were presented 
as frequencies and percentages, and numerical vari-
ables as mean ± standard deviation. The Whitney U test 
was used for non-parametric data to compare numeri-
cal variables. Statistical analysis of categorical variables 
(presented as proportions) was performed using the Chi-
square and Fisher’s exact tests. Significance was tested 
using the Pearson correlation coefficient (r) test to evalu-
ate the impact/relationship between patient comorbidi-
ties and mortality and the resistance occurrence versus 
age and gender.

Results
Patients’ demographic data and CL-related information
A total of 214 patients with confirmed CLABSI diagno-
ses that fulfill the study inclusion criteria (Fig.  1) were 
included between 1 and 2015 and 31 December 2020, 
comprising 20 newborns, 40 children, and 154 adults. 
71.0% of CLABSI patients were in ICUs, and 29.0% were 
outside ICUs. The median age was 58 (17–95) years for 
adults, 7 (2-168) months for children, and 17 (10–30) 
days for newborns. Data related to the central lines, 
including CL type, lumen number, indication, and site, 
are presented in Table  1. The non-tunneled CL was the 
most frequently used type, followed by PICC. The major-
ity of central lines had multiple lumens; mean days 
between line insertion and CLABSI diagnosis were 17.9 
days for adults, 16.8 days for children, and 12.2 days for 
neonates, whereas the overall 30-day mortality rate was 
33.6% (38.3% for adults, 25.0% for children, and 15.0% for 
neonates).

The CLABSI rates per 1000 CL days for medical, surgi-
cal, and pediatric ICUs during the study period are pre-
sented in Figs. 2, 32560 CL days resulted in 125 CLABSIs 
with mean rates in MICU, SICU, and PICU of 4.97, 2.99, 
and 4.56 per 1000 CL days, respectively. In addition, the 
CLABSI rates per 1000 CL days were compared with 
the Gulf Cooperation Council (GCC) Center for Infec-
tion Control and National Healthcare Safety Network 
(NSHN) rates for adults and pediatric units. In terms of 
the possible association between CL characteristics and 
30-day mortality in adults, a significantly higher mortal-
ity was observed in relation to the type of CL (P = 0.0478) 
and CL insertion site (P = 0.0034) (Table 2).

CLABSI causative agents and antimicrobial 
susceptibility
Regarding the causative agents, Gram-negative bacteria 
were predominant in adults and children, whereas Gram-
positive and Gram-negative bacteria had a similar rate 
among neonates. In addition, fungal CLABSIs were more 
frequent in adults and children compared with neonates; 
no one of the CLABSI patients caused by candida was on 
total parenteral nutrition; however, seven patients under-
went abdominal surgeries, two had perforated viscus, and 
one was an oncology patient. The Gram-negative bacte-
ria remained the dominant cause of CLABSI throughout 
the study period (Figs. 3 and 4). The overall microbiologi-
cal trends of CLABSI causative agents showed a steady 
increase of fungal CLABSI from 13.0% to 2015 to 24.0% 
in 2020 (Fig. 5). The most frequent Gram-positive caus-
ative organism of CLABSI in the study population was 
Coagulase-negative staphylococci (11.0%), followed by S. 
aureus (9.0%). In addition, the predominant Gram-neg-
ative organisms were Enterobacteriaceae spp., Acineto-
bacter spp., and Pseudomonas spp. (42.0%, 15.0%, and 
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9.0%, respectively) (Table  3). Among causative fungal 
agents, C. parapsilosis was the most frequently isolated 
fungi (45.0% of all fungal isolates), especially in children 
(80.0%), followed by C. albicans (17.5%) (Table 3).

There were a total of 244 isolates responsible for 
CLABSI in this study; the majority (204 isolates [83.6%]) 
were bacterial (60 Gram-positive and 144 Gram-nega-
tive) and 40 (16.4%) candida spp. Table 4 presents antimi-
crobial susceptibility patterns of the isolated organisms, 
which showed a significant decrease in the susceptibility 
of Gram-negative to wide-spectrum beta-lactam antibi-
otics, including carbapenems. Sixty of 204 (29.41%) bac-
terial isolates were multidrug-resistant; 37.0% of isolated 
S. aureus were MRSA, 61.0% of isolated P. aeruginosa, 
and 61.0% of Acinetobacter spp. as well were multidrug-
resistant. In addition, intrinsically multidrug-resistant 
organisms were isolated from nine bacterial samples (6 
Burkholderia cepacia and 3 Stenotrophomonas malto-
philia). A total of 92 strains were classified as MDR or 
XDR, representing 43% of pathogens implicated in bacte-
rial CLABSI in this cohort, with no association seen with 
gender or age groups (P = 0.32 and 0.57, respectively).

Comorbidities and mortality risk factors
Regarding the risk factors associated with increased 
mortality, statistical analysis showed a significant nega-
tive surviving correlation with comorbidities, including 
diabetes mellitus, hypertension, cardiovascular diseases, 
lung diseases, renal insufficiency, and an increase in the 
number of associated comorbidities (≥ 3) (Table  5). On 
the other hand, no significant correlation was observed 
between the mortality and days of hospitalization prior 
to CLABSI or days of onset after line insertion.

Discussion
In the era of antibiotic resistance, emerging epidemics 
caused by multidrug-resistant organisms have become a 
big concern globally [21]. Outbreaks of hospital-acquired 
infections (HAIs) badly affect patient hospitalization 
courses and desired outcomes with increased morbid-
ity, mortality, and healthcare costs [22, 23]. CLABSI is 
one of the HAIs that becomes a nightmare, especially 
among patients admitted to ICU and immunocompro-
mised patients. In the literature, CLABSIs have been 
predominantly investigated as HAIs in ICU patients; 

Fig. 1  CLABSI study flow chart
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Table 1  Patients’ demographic data, central line types, number of lumens, site, indication, and CLABSI related information
Adults Pediatrics Neonates Total

Demographic data
Gender
  Male 97 19 9 125

  Female 57 21 11 89

Male/Female ratio 0.62 0.475 0.450 0.584

Median age 58 (17–95) years 7 (2-168) months 17 (10–30) days

Mean age 56.61 years 45.175 months 19 days

Central line type
  Non-tunneled 115 (73%) 26 (59%) 14 (70%) 155 (70%)

  Tunneled 8 (5%) 0 0 8 (4%)

  Peripherally inserted central catheter (PICC) 31 (19%) 18 (41%) 6 (30%) 55 (25%)

  Port-a-Cath 4 (3%) 0 0 4 (2%)

Lumens
  Single 8 (5%) 0 1 (5%) 9 (4%)

  Multiple 150 (95%) 44 (100%) 19 (95%) 213 (96%)

Indication
  Temporary 145 (92%) 44 (100%) 20 (100%) 209 (94%)

  Permanent 13 (8%) 0 0 13 (6%)

Site
  Jugular 50 (30%) 13 (30%) 0 63 (28%)

  Subclavian 19 (12%) 1 (2%) 1 (5%) 21 (9%)

  Femoral 55 (35%) 9 (20%) 1 (5%) 65 (29%)

  Umbilical 0 2 (5%) 12 (60%) 14 (6%)

  Others 34 (21%) 19 (43%) 6 (30%) 56 (27%)

Median days of hospitalization before CLABSI diagnosis 21 (3-1095) 32 (5-203) 15 (7–26)

Median Days between line insertion and CLABSI diagnosis 9 (2-389) 14 (2–41) 12 (3–21)

Mean days between line insertion and CLABSI diagnosis 17.89 16.76 12.15

Died at the event period (n, %) 24 (15.58%) 4 (10.00%) 2 (10.00%) 30 (14.01%)

30-day mortality (n, %) 59 (38.31%) 10 (25.00%) 3 (15.00%) 72 (33.64%)

Fig. 2  CLABSI rate per 1000 central line-days in ICUs.
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however, the number of patients with CL in other hos-
pital wards increases with more observed CLABSIs out-
side ICUs [24]. The mean days between line insertion and 
CLABSI diagnosis in adults, children, and neonates were 
17.89, 16.76, and 12.15 days, respectively. Subha Rao et 
al. reported that all CL would be colonized after 11 days 
of insertion. In addition, Pitiriga et al. showed a steady 
increase in CLABSI rates with an increase in CL duration 
of more than ten days, which agreed with our findings 
[25, 26].

The mean CLABSI rates per 1000 central line days in 
this study were consistent with previously estimated 
rates in 12 Ministry of Health (MOH) Hospitals in Saudi 
Arabia (2.2–10.5 /1000 CL days); however, were higher 
than GCC Center for Infection Control and NSHN 
documented rates [3, 4, 27]. Our findings reflect higher 
CLABSI rates in MICU and PICU than rates reported 
in GCC countries by Balkhy et al. (3.1 per 1000 CL days) 
and globally by Rosenthal et al. (4.1 per 1000 CL days) [2, 
3]. Moreover, the CLABSI rates in our ICUs were much 
higher than in the United States (0.68–0.87 per 1000 CL 
days) [28].

After the introduction of the CLABSI bundle and the 
application of best practices to prevent CLABSI develop-
ment, an improvement in CLABSI rates has been docu-
mented with periods of zero rate [4]. Figure 2 shows zero 
rates for one year in the SICU and PICU during the study 
period. However, for different reasons, the CLABSI rates 
increased again in our ICUs and elsewhere [6]; other 
risk factors of CLABSI, including patient subgroups and 
comorbidities, should be investigated.

In general, CLABSI itself is considered an important 
mortality risk factor [29]; the overall 30-day mortality rate 
in our study was 33.64%, which is comparable with the 
mortality rates reported by Salgado Yepez et al. (30.3%) 
and Iordanou et al. (33.3%) and less than mortality rate 
reported in Saudi MOH hospitals (41.9%) [4, 30, 31]. A 
significantly lower CLABSI mortality rate was observed 
in patients with PICC compared with patients with non-
tunneled catheters (P < 0.05), which was in line with pre-
vious studies [26, 32]. Avoiding CL insertion through the 
femoral site was recommended to reduce CLABSI occur-
rence [33]. Our data demonstrate a high prevalence of 

Table 2  The association between the Central line characteristics 
and mortality in adults

Survivors Non-Survivors P-value*
Central line type
Non-tunneled 98 56 P = 0.0478

Tunneled 6 2

Peripherally inserted 
central catheter 
(PICC)

45 12

Port-a-Cath 1 3

Lumens
Single 4 4 P = 0.4234

Multiple 96 54

Indication
Temporary 141 66 P = 0.6227

Permanent 8 5

Site
Jugular 39 24 P = 0.0034

Subclavian 14 7

Femoral 36 28

Umbilical 13 1

Others 50 10
* Chi-square test was used

Fig. 3  The percentage of CLABSI causative agents (Gram positive, Gram negative, and fungi) according to the patient groups
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femoral CL use (29%) and increased CLABSI mortality 
among patients with femoral site CL insertion; however, 
this increase was statistically insignificant compared with 
jugular or subclavian sites.

Regarding the causative agents in our population, the 
Gram-negative bacteria remained the dominant cause of 
CLABSI throughout the study period (Figs. 3 and 4). The 
hospital microflora is usually dynamic, trending more 
towards Gram-negative predominance was observed in 
previous studies in the last two decades [7, 10, 33]. The 
most predominant Gram-negative organisms in our hos-
pital were Enterobacteriaceae spp. (42% of all isolates), 
followed by Acinetobacter spp. (15%) and Pseudomonas 

spp. (9%), whereas Mathur et al. found Acinetobacter 
spp. The most isolated bacteria responsible for CLABSI 
(28.2%) [34].

Recently published data from Saudi Arabia showed, in 
line with our findings, the predominance of Gram-nega-
tive bacteria, with K. pneumoniae at the top of the list of 
Enterobacteriaceae as a causative agent of CLABSI [35]. 
Gram-positive bacteria were less frequently isolated in 
our population; Coagulase-negative staphylococci were 
found in 11% of all CLABSI-isolated bacteria, followed 
by S. aureus (9%). In contrast, the Gram-positive bacteria 
were, according to Al-Tawfiq et al., the leading CLABSI 
agents before 2010 [36].

Fig. 5  The microbiological trends of CLABSI causative agents (Gram positive, Gram negative, and fungi) during the study period (2015–2020); the line 
indicates fungal infections

 

Fig. 4  The frequency of CLABSI yearly diagnosed cases during the study period (2015–2020); the line indicates the total number of CLABSI cases diag-
nosed yearly
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Immunocompromised patients for different reasons 
and patients on total parenteral nutrition are at high risk 
for developing invasive fungal infections. Multiple pre-
disposing factors for developing CLABSI by Candida 
spp. were identified according to the age groups; children 
with intestinal failure, gastrostomy tube, or blood trans-
fusions are a risk group for candida-associated CLABSIs 
[37]. Lower birth weight of neonates is considered a risk 
factor for CLABSI with a high proportion of Candida 
spp. [38]. The prevalence of Candida spp. in CLABSI var-
ies worldwide; Moriyama et al. reported a 4% prevalence 
of CLABSIs caused by Candida spp. [10]. The prevalence 
was higher in other studies; it ranged between 11.11% and 
13.9% [31, 39]. Our data demonstrate a steady increase in 
CLABSI rate caused by Candida spp., from 13% to 2015 
to 24% in 2020 (Fig.  5). The interplay of multiple fac-
tors might explain this trend, such as the improvement 
of microbiological diagnosis, overuse of broad-spectrum 
antibiotics, and observed increase of ICU fungal infec-
tions in the first year of COVID-19 pandemic (2020), 

which was the last year of the study period. According to 
previous studies, C. albicans was the most isolated type 
of candida in CLABSIs [34, 40]. Surprisingly, C. parap-
silosis, a non-albicans Candida, was the most frequently 
isolated fungi. These findings, along with emerging mul-
tidrug-resistant C. auris in three CLABSI cases during 
the study period, indicate the continuous changes of the 
nosocomial pathogens and the selective pressure of anti-
microbial agents.

Antibacterial susceptibility tests were alarming; more 
than 70% of Gram-positive isolates were resistant to beta-
lactam antibiotics, including carbapenems. Since rifampicin 
is not recommended as monotherapy for Gram-positive 
infections, limited options remain to cover Gram-positive 
bacteria efficiently. The frequency of Gram-positive bacteria 
as CLABSI pathogens might be constant or even decreased 
during the study period; however, the proportion of antibi-
otic resistance increased, as observed in a previous study 
[41].

The sensitivity profiles of Gram-negative pathogens dem-
onstrate growing resistance rates (Table  4). The sensitiv-
ity patterns of potent broad-spectrum antibiotics were not 
much better; around 30% were resistant to cefepime and 
carbapenems, whereas 38.2% were resistant to piperacillin-
tazobactam. MDROs are microorganisms resistant to at 
least one antimicrobial agent in three or more antimicro-
bial categories [20]. Our findings reflect the dilemma of 
multidrug-resistant pathogens, classified as “superbugs” and 
expected to kill more than 10 million patients yearly by 2050 
[42]. Sixty CLABSI bacterial isolates (29.41%) were multi-
drug-resistant. In addition, intrinsically multidrug-resistant 

Table 3  Frequencies and percentages of different causative 
agents (n = 244 isolates from 214 cases)

Adults Children Neonates Total
Gram-positive bac-
teria (60)
Coagulase-negative 
staphylococci

14 
(10%)

6 (16%) 3 (16.5%) 23 
(11%)

Staphylococcus aureus 11 (8%) 3 (8%) 5 (28%) 19 (9%)

Enterococcus spp. 11 (8%) 4 (10.5%) 1 (5.5%) 16 (8%)

Other Gram positives 2 (1%) 0 (0%) 0 (0%) 2 (1%)

Gram-negative 
bacteria (166)
Enterobacteriaceae 
spp.

68 
(47%)

12 (31.5%) 4 (22%) 84 
(42%)

Pseudomonas spp. 11 (8%) 6 (16%) 1 (5%) 18 (9%)

Acinetobacter spp. 22 
(15%)

4 (10.5%) 4 (22%) 30 
(15%)

Stenotrophomonas 
maltophilia

1 (1%) 2 (5%) 0 (0%) 3 (1%)

Burkholderia cepacia 5 (3%) 1 (2.5%) 0 (0%) 6 (3.5%)

Other Gram negatives 1 (1%) 0 (0%) 0 (0%) 1 (0.5%)

MDR or XDR 
bacterium

68 
(47%)

16 (41%) 8 (44%) 92 
(43%)

Fungi: Candida spp. 
(40)

C. albicans 6 (21%) 0 (0%) 1 (50%) 7 
(17.5%)

C. auris 3 (11%) 0 (0%) 0 (0%) 3 (7.5%)

C. glabrata 2 (7%) 0 (0%) 0 (0%) 2 (5%)

C. krusei 1 (4%) 0 (0%) 0 (0%) 1 (2.5%)

C. parapsilosis 9 (32%) 8 (80%) 1 (50%) 18 
(45%)

C. tropicalis 4 (14%) 1 (10%) 0 (0%) 5 
(12.5%)

Other less common 
Candida spp.

3 (11%) 1 (10%) 0 (0%) 4 (10%)

Table 4  Antimicrobial susceptibility rates of the isolated CLABSI 
organisms

Susceptibility 
n (%)

Organisms Agents n (%)
Gram posi-
tive patho-
gens (60)

Beta-lactam

Oxacillin 17 28.3%

Cefazolin 16 26.7%

Ceftriaxone 16 26.7%

Meropenem 17 28.3%

Vancomycin 59 98.3%

Linezolid 60 100.0%

Rifampicin 49 81.7%

Trimethoprim-sulfamethoxazole 30 50.0%

Gram nega-
tive patho-
gens (144)

B-Lactams

Ceftriaxone 70 48.6%

Ceftazidime 98 68.1%

Cefepime 98 68.1%

Piperacillin-tazobactam 89 61.8%

Meropenem 102 70.8%

Ciprofloxacin 41 28.5%

Trimethoprim-sulfamethoxazole 73 50.7%

Aminoglycosides 92 63.9%
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organisms were isolated from nine samples. Furthermore, 
In a study conducted by INICC that included 50 ICUs 
worldwide, the resistance rates to carbapenems and amika-
cin were 44.3% and 29.87%, respectively [2] Salgado Yepez 
et al. reported 75% resistance rate of A. baumannii isolates 
to carbapenems, and more than 72.7% resistance rate of P. 
aeruginosa isolates to piperacillin-tazobactam and fluo-
roquinolones [30]. Our data showed emerging carbape-
nem-resistant Enterobacteriaceae that are on their way to 
replacing less resistant superbugs.

In the literature, several risk factors for CLABSI develop-
ment have been identified; these include longer ICU stays, 
longer duration of CL, higher APACHE II score, parenteral 
nutrition, massive blood transfusion, use of corticosteroids, 

applying intra-aortic balloon counter-pulsation, bowel 
perforation, liver injury, pelvic injury, renal disease, and 
myocardial infarction [10, 11, 14, 43]. In turn, CLABSI is 
considered among the top seven causes of death in West-
ern countries, and it has been identified as a mortality risk 
factor in several studies [2, 29, 44]. However, identifying the 
mortality risk factors in CLABSI patients was less investi-
gated. Rosenthal et al. reported in two studies the mortal-
ity risk factors in patients diagnosed with device-associated 
HAI, which include older age, long stay in the ICU, female 
gender, and admission to oncology ICU [29, 45]. Our study 
findings indicate a significant negative survival correlation 
with other chronic illnesses, including diabetes mellitus, 

Table 5  Associated adult CLABSI Patients comorbidities and their correlation with CLABSI patient mortality
Survivors
(n, %)

Non-survivors
(n, %)

Total
(n, %)

Correlation

DM 33 (34.7%) 38 (64.4%) 71 (46.1%) r = − 0.289 P < 0.01

Hypertension 46 (48.4%) 41 (69.5%) 87 (56.5%) r = − 0.207 P < 0.05

Cardiovascular diseases r = − 0.261 P < 0.01

  CAD 12 (12.6%) 14 (23.7%) 26 (16.9%) r = -0.144 P = 0.075

  MI 0 (0.0%) 7 (11.9%) 7 (4.6%) r = − 0.276 P < 0.01

  HF 1 (1.1%) 3 (5.1%) 4 (2.6%) r = − 0.123 P = 0.128

Lung diseases r = -0.185 P = 0.021

  BA 4 (4.2%) 4 (6.8%) 8 (5.2%) r = − 0.056 P = 0.488

  COPD 3 (3.2%) 3 (5.1%) 6 (3.9%) r = − 0.048 P = 0.551

  Other lung diseases 2 (2.1%) 7 (11.9%) 9 (5.8%) r = − 0.202 P = 0.012

Renal insufficiency r = − 0.203 P = 0.012

  AKI 3 (1.7%) 3 (3.2%) 4 (2.6%) r = 0.045 P = 0.582

  CKD 4 (4.2%) 10 (16.9%) 14 (9.1%) r = − 0.215 P = 0.007

  ESRD 15(15.8%) 14(23.7%) 29 (18.8%) r = − 0.099 P = 0.223

Central nervous system (CNS) disease r = − 0.042 P = 0.607

  CVA 36 (37.9%) 28 (47.5%) 64 (41.6%) r = − 0.94 P = 0.245

  Epilepsy 5 (5.3%) 0 (0.0%) 5 (3.2%) r = 0.144 P = 0.074

  Dementia 4 (4.2%) 2 (3.4%) 6 (3.9%) r = 0.021 P = 0.800

  Other CNS disease 7 (7.4%) 5 (8.5%) 12 (7.8%) r = − 0.02 P = 0.805

Gastrointestinal disease r = 0.047 P = 0.566

  IBD 6 (6.3%) 0 (0.0%) 6 (3.9%) r = 0.159 P = 0.049

  Pancreatitis 1 (1.1%) 2 (3.4%) 3 (1.9%) r = − 0.082 P = 0.311

  Other GI diseases 6 (6.3%) 4 (6.8%) 10 (6.5%) r = − 0.009 P = 0.910

Malignancies 3 (3.2%) 1 (1.7%) 4 (2.6%) r = 0.045 P = 0.582

Trauma r = 0.239 P < 0.01

  RTA 16 (17.0%) 2 (3.4%) 18 (11.8%) r = 0.206 P = 0.011

  Poly trauma 14 (14.7%) 0 (0.0%) 14 (9.1%) r = 0.239 P < 0.01

  Head trauma 14 (14.7%) 1 (1,7%) 15 (9.7%) r = 0.214 P = 0.008

Surgical causes r = 0.199 P = 0.013

  EVD or VP shunt 5 (5.3%) 0 (0.0%) 5 (3.2%) r = 0.144 P = 0.074

  CABAG 5 (5.3%) 3 (5.1%) 8 (5.2%) r = 0.004 P = 0.962

  Bariatric surgeries 6 (6.3%) 0 (0.0%) 6 (3.9%) r = 0.159 P = 0.049

  Perforated viscus 3 (3.2%) 1 (1.7%) 2 (2.6%) r = 0.045 P = 0.582

  Other surgeries 7 (7.4%) 1 (1.7%) 8 (5.2%) r = 0.124 P = 0.125

≥ 3 comorbidities 51 (54.3%) 48 (82.8%) 99 (65.1%) r = − 0.291 P < 0.01
AKI: Acute Kidney Injury; BA: Bronchial Asthma; CAD: Coronary Artery Disease; CABG: Coronary Artery Bypass Graft; CKD: Chronic Kidney Disease; CNS: Central 
nervous system; CVA: Cerebrovascular Accident; DM: Diabetes mellitus; ESRD: End-Stage Renal Disease; GI: Gastrointestinal; HF: Heart Failure; IBD: Inflammatory 
bowel disease; MI: Myocardial Infarction; RTA: Road Traffic Accident; VP: Ventriculoperitoneal. r: Pearson correlation coefficient
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hypertension, cardiovascular disease, lung disease, renal 
insufficiency, and the presence of ≥ 3 comorbidities.

This study had considerable limitations. It was a single-
center study that included three different age groups, intro-
ducing heterogeneity. In addition, as a retrospective study 
may suffer from a data collection bias by providing less 
optimal recorded information of some patients. Moreover, 
specific groups of patients who need advanced healthcare 
in spatialized centers were not represented adequately in 
our CLABSI populations, such as oncology patients, HIV/
AIDS patients, or transplant patients. These limitations will 
prevent the generalization of our study findings. However, 
investigating the trends of CLABSI pathogens over six years 
and risk factors associated with mortality will help improve 
the CLABSI approach towards better patient-centered care 
and favorable outcomes.

Conclusions
The study findings demonstrate a six-year trend of CLABSI 
pathogens associated with a steady increase of invasive 
Candida spp. (24%). Moreover, there is a predominance 
of Gram-negative pathogens that are highly multidrug-
resistant. Our study indicates the need for stratification of 
CLABSI patients according to relevant mortality risk fac-
tors and reveals the correlation between patient comorbidi-
ties and CLABSI mortality. Further prospective studies are 
needed to ascertain risk factors associated with CLABSI 
and formulate evidence-based guidance for optimal, risk-
stratified empirical therapy to improve outcomes.

Recommendations
Based on our findings, we propose considering these 
morbidities along with the unit antibiogram in design-
ing individualized empirical therapeutic regimens on a 
case-by-case basis, taking into account previous micro-
biological cultures of the patient and local epidemiology. 
This treatment should be tailored to be more specific 
once the final susceptibility pattern is obtained to pre-
vent the emergence of more resistant clones in the units. 
The increased CLABSI rate caused by Candida spp. is 
alarming, necessitating strict infection control measures 
and improved laboratory diagnostics of fungal infec-
tions, especially in the era of drug resistance emergence 
and novel transmissible species like C. auris. Comorbidi-
ties are among the important risk factors for predicting 
CLABSI outcomes and should be considered before CL 
insertion.
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