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Pattern of bacterial bloodstream infections in hemodialysis patients
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Abstract

Introduction: Bloodstream infection (BSI) is a major contributor to morbidity and mortality in hemodialysis patients. Our objective was to
identify pathogens causing BS], its incidence, and associated risk factors.

Methodology: Retrospective positive blood culture data were analyzed from five hemodialysis centers (January 2019 until December 2023)
across Saudi Arabia.

Results: There were 437 bacteremia episodes in 432 patients, with 405 central line and 367 peripheral samples. The BSI rate was 0.67 per 100
patient months. 375 (85.8%) patients had a Central Venous Catheter (CVC), 27 (6.17%) had an arteriovenous fistula (AVF), 5 (1.14%) had an
arteriovenous graft (AVG), and 30 (6.9%) had dual access. The central line-associated bloodstream infection (CLABSI) rate was 1.41 per 100
patient months. Gram-positive organisms in the central line blood culture were 169 (44%), and Gram-negative were 200 (51.81%); 16 (4%)
cases were polymicrobial, and there was one case of fungi. In peripheral blood cultures, 158 (48.9%) were Gram-positive and 150 (46.4%)
were Gram-negative. The most common pathogens were Staphylococcus aureus, MRSA, and Staphylococcus epidermidis in Gram-positive
organisms, and Enterobacter cloacae, Klebsiella pneumoniae, and Pseudomonas aeruginosa in Gram-negative organisms. Three cases of
fungal infection occurred during the study period. Two-thirds of patients (68%) required hospital treatment, and in 54% of the cases, there was
loss of vascular access. Mortality due to sepsis within 4 weeks occurred in five patients.

Conclusions: The risk of BSI in hemodialysis patients is high. Gram-negative pathogens contribute to half of the events. In Saudi Arabia, Gram-
negative pathogen incidence is significant, and measures are required to curtail it.
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Introduction

The infection rate is higher in hemodialysis patients
compared to the general population [1,2]. Bloodstream
infections can lead to hospitalization and are a major
cause of morbidity and mortality in hemodialysis
patients [3,4]. Infection is the second-leading cause of
mortality reported in studies across the globe [5,6].
Hemodialysis patients have a higher rate of bacteremia
due to multiple factors, including reduced immunity,
comorbidities, and the use of central venous catheters
[7]. Measures have been taken to reduce the use of
central venous catheters, but a significant number of
patients still start renal replacement therapy with
dialysis catheters. This predisposes them to increased
bacterial infection and may lead to hospitalization. Our

aim is to identify patterns of pathogens across
hemodialysis satellite units in Saudi Arabia under the
Ministry of National Guard Health Affairs. This will
help us better manage our patients and take drastic
measures to reduce the burden of bloodstream
infections.

Methodology

A retrospective (five-year) observational study was
conducted at outpatient hemodialysis centers under the
Ministry of National Guards. The centers included
Jeddah, Makkah, Medina, North Riyadh, and South
Riyadh (distribution of patients shown in Figure 1). The
study aimed to determine the prevalence of bacteremia
in hemodialysis patients. The primary objectives of this
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research study were to identify the incidence of
bloodstream infections in hemodialysis patients,
analyze the causative microorganisms, and evaluate
their impact on patient outcomes.

The data collected includes demographics,
comorbidities, dialysis vintage, vascular access,
laboratory results (including peripheral and central
blood cultures), treatment at the hemodialysis center or
hospital, and clinical outcomes such as hospitalization,
catheter loss, and mortality. Patients were closely
monitored from the time of bacteremia diagnosis to
assess overall mortality within 30 days (4 weeks).

The study was conducted on hemodialysis patients
regularly enrolled in outpatient satellite centers between
January 2019 and December 2023 who were 15 years
of age and older. Tourist patients and patients with
temporary hemodialysis catheters were excluded from
the study. Contaminated blood cultures were also
excluded. Patient confidentiality was maintained
through written consent. Patient data was recorded on
an Excel sheet from the electronic record using the Best
Care system and kept anonymous in the hospital's
computer system, with access restricted to the principal
investigator and co-investigators to maintain
confidentiality.

Following the implementation of our study
protocol, we excluded 32 patients due to contaminated
samples from the initial pool of 482, and 13 duplicate
samples were excluded. Four hundred and thirty-seven
positive bacteremia cases were identified in 432
patients. Bloodstream infection (BSI) and central line
bloodstream infection (CLABSI) rates were calculated
for every year. Episodes of bacteremia were recorded
yearly, and the denominator was the patient's number
recorded at each facility on the first two working days
of the month. Patients with positive blood cultures were
reviewed using a non-probability consecutive sampling

Figure 2. Study Flow diagram.
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Figure 1. Patients’ distribution in five Hemodialysis Centers.
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technique. Data collection involved categorical

variables such as center name, comorbidities, dialysis
vintage, and vascular access type, as well as means and
standard deviations for numerical variables such as age,
height, and weight. For data analysis, SPSS Statistics
for Windows, version 20.0, was used to conduct a
comprehensive analysis of the data. Descriptive
statistics, univariate and multivariate analysis, and chi-
square tests/Fisher’s exact tests, as appropriate, were
performed to identify risk factors associated with
bacteremia and determine its effect on patient
outcomes.

Results

A total of 482 cases were recorded during the study
period (2019-2023) in five dialysis units. Thirty-two
samples were reported as contaminated by the
laboratory, and we found 13 patients had duplicate
blood cultures taken within 21 days. The remaining 437
episodes of bacteremia were recorded in 432 patients.
Out of these, 405 cases were of central line blood
cultures and 367 cases of peripheral blood cultures.
Paired samples (central and peripheral blood culture)
were taken in 335 cases (Figure 2). The study sample
consisted of 267 male patients (61.1%) and 170 females
(38.9%). Two-thirds of the patients were in the 46-70
age group. Patients were divided into four BMI (body
mass index) groups, and we have not noticed any
statistically significant predominance of positive blood
cultures in any specific group. Positive blood cultures
were more common with central venous catheters.
Patient demographic data, including age, gender, BMI,
comorbidities, and type of vascular access, for those
with positive blood cultures, are detailed in Table 1.
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Table 1. Demographic Data & Vascular access type.

Characteristics N =437 %

Age (years) (n =430)

15-20 8 1.9
21-45 75 17.4
46-70 269 62.6
>71 78 18.1
Gender

Male 267 61.1
Female 170 38.9
BMI (n =436)

<18 13 3.0
18-25 164 37.6
25-30 109 25.0
>30 150 344
DM

No 172 394
Yes 265 60.6
HTN

No 49 11.2
Yes 388 88.8
IHD

No 357 81.7
Yes 80 18.3
Vascular Access Type

Dual 30 6.9
CVC 375 85.8
AVF 27 6.17
AVG 5 1.14

Variables (type of organisms, exit site infection, other
focus of infection, hospital treatment, loss of vascular
access and mortality) were compared in four sets of age
groups (15-20 years, 21-45 years, 46-70 years, and > 71
years of age). The chi-square test & Fisher’s exact test
were applied. Tunnel infection and the same organism
in paired blood culture were found statistically
significant (p =0.041 and p = 0.028, respectively) in the
younger age group of 15-20. In other age groups,
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Figure 3. Five-year BSI and CLABSI Rate.
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variables were not statistically significant.

During the 5 years of study, bloodstream infection
(BSI) was 0.67 per 100 patient-months, and the
CLABSI rate was 1.55 per 100 patient-months. Figure
3 shows the yearly pattern of BSI and CLABSI rates.

Central blood cultures from 386 cases identified
169 Gram-positive and 200 Gram-negative organisms.
Mixed organisms in 16 cases and 1 case of fungi were
also noted. ~ Among  Gram-positive  cocci,
Staphylococcus aureus (methicillin-susceptible
Staphylococcus aureus, MSSA) was the most common
organism, followed by MRSA (methicillin-resistant

Staphylococcus ~ aureus)  and  Staphylococcus

Table 2. Bacterial organisms’ classification in Central and Peripheral Blood samples.
Central n % Peripheral n %
Gram Positive cocci total 165 Gram Positive cocci total 150

1 Staphylococcus aureus 82 21.2 1 Staphylococcus aureus 69 21.4

2 Staphylococcus epidermidis 24 6.2 2 Staphylococcus epidermidis 22 6.8

3 MRSA4 26 6.7 3 MRSA 24 7.4

4 Enterococcus faecalis 18 4.7 4 Enterococcus faecalis 17 5.3

5 other 15 3.9 5 other 18 5.6
Gram Positive bacilli total 4 Gram Positive bacilli total 8

1 Corynebacterium 3 0.8 1 Corynebacterium 5 1.5

2 Bacillus cereus 1 0.3 2 Bacillus cereus 2 0.6

3 other 0 0.0 3 other 1 0.3
Gram Negative bacilli total 199 Gram Negative bacilli total 149

1 Enterobacter cloacae 46 11.9 1 Enterobacter cloacae 37 11.5

2 Klebsiella pneumoniae 42 10.9 2 Klebsiella pneumoniae 32 9.9

3 Pseudomonas aeruginosa 28 7.3 3 Pseudomonas aeruginosa 20 6.2

4 Serratia marcescens 21 54 4 Serratia marcescens 20 6.2

5 Escherichia coli 16 4.1 5 Escherichia coli 10 3.1

6  Stenotrophomonas maltophilia 11 2.8 6 Stenotrophomonas maltophilia 7 22

7 other 35 9.1 7 other 23 7.1
Gram Negative coccobacilli total 1 Gram Negative coccobacilli total 1

1 Unclassified coccobacilli 1 0.3 1 Unclassified coccobacilli 1 0.3
Other organisms 17 Other organisms 15

1 Mixed organisms 16 4.1 1 Mixed organisms 13 4.0

2 fungus 1 0.3 2 fungus 2 0.6

Total 386 Total 323
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epidermidis. In Gram-negative bacteria, the most
common pathogen identified was Enterobacter
cloacae, followed by Klebsiella pneumoniae and
Pseudomonas aeruginosa. The pattern of peripheral
blood cultures was almost similar to that of central
blood cultures. The classification of the organism is
shown in Table 2.

Vascular access is categorized into three categories
(central venous catheter, arteriovenous fistula, and dual
access). Positive blood culture patients in these groups
were evaluated for exit site infection, tunnel infection,
other focus of infection, treatment in dialysis center or
hospital, outcome of vascular access, and mortality.
Patients with CVC required more hospital treatment
and had a significantly higher rate of vascular access
loss (p < 0.001). Mortality was observed in five patients
in a 4-week follow-up as per study design, but it was
not statistically significant. In the case of AVF access,
the probability of other foci of infection was notably
high and statistically significant (p < 0.001). Table 3.

Discussion

Hemodialysis patients with central venous catheters
have bacteremia episodes ten times more frequent than
those with AV fistulas or AV grafts [8,9]. The mortality
rate is also higher for patients with central venous
catheters compared to those with AVF or AVG[10,11].
International guidelines recommend AVF as the
preferred choice of vascular access in hemodialysis
patients, but dependency on CVC still exists. Catheter-
related  bacteremia  has  significant clinical
consequences, including morbidity and mortality from

Table 3. Variables comparison in different vascular access.

J Infect Dev Ctries 2025; 19(11):1643-1648.

conditions such as osteomyelitis, endocarditis, septic
arthritis, and epidural abscess [12]. Risk factors for
catheter-related bloodstream infection (CRBSI) include
prolonged catheter use, diabetes mellitus, recent
surgery, iron overload, immunosuppression, and
hypoalbuminemia [13—15]. Local risk factors such as
poor hygiene, occlusive dressings, moisture around the
exit site, and Staphylococcus aureus colonization (skin
and nose) have also been well-established [16].

Gram-positive organisms are responsible for
catheter-related infections (40—-80%) in most studies. A
retrospective analysis of a prospective vascular access
database from a large academic dialysis center found
that nearly 80% of BSIs were caused by Gram-positive
pathogens [12]. Loo et al. report from a large tertiary
care hospital that there is a predominance of Gram-
positive pathogens as a cause of infection in dialysis
patients [17]. A 6-year record from Greece showed that
65% of cases of catheter-related bloodstream infection
(CRBSI) were caused by Gram-positive pathogens
[18]. Similarly, a 14-year observational study from
Spain found that Gram-positive organisms were
predominant, accounting for 84.5% of cases, while
Gram-negative organisms were responsible for only
15.5% [19].

On the contrary, high rates of Gram-negative
infections have been reported in various studies, and the
reason is probably multifactorial. This could be due to
increased preventive strategies for Gram-positive
organisms and less defined strategies to prevent Gram-
negative BSIs. Balkhy et al. conducted a prospective
study from 2008 to 2016 in hospitals under the Ministry

Vascular Access

Dual

n=230 % n=2375
Exit Site Infection
No 26 6.8 335
Yes 4 8.5 40
Tunnel infection
No 23 7.5 261
Yes 7 5.5 114
Other Focus of infection
No 29 7.5 349
Yes 1 2.2 26
Centre Treatment
No 16 7.5 185
Yes 14 6.4 190
Hospital Treatment
No 12 8.5 114
Yes 18 6.2 261
Loss of vascular access
No 15 7.6 158
Yes 15 6.4 217
Mortality within 4 weeks
No 30 7.0 370
Yes 0 0.0 5

*Chi-squared test; TFisher’s exact test.

CvcC Fistula )4
% n=27 %
87.0 24 6.2 0.834+
85.1 3 6.4
85.6 21 6.9 0.501*
89.8 6 4.7
90.4 8 2.1 <0.001}
56.5 19 413
86.9 12 5.6 0.798*
86.8 15 6.8
80.9 15 10.6 0.018*
89.7 12 4.1
79.8 25 12.6 <0.001*
92.7 2 9
86.7 27 6.3 >0.99}
100 0 0.0
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of National Guard, showing Gram-negative pathogens
(59.1%), Gram-positive pathogens (27.5%), and fungi
(13.5%) as causative organisms in catheter-related
bloodstream infection (CRBSI) [20]. In 2019, a
university hospital in Jeddah published a record review
of BSIs in hemodialysis (HD) patients, revealing that
54.6% of Gram-negative pathogens were causative
pathogens [21]. Data from the NHS Greater Glasgow &
Clyde and NHS Forth Valley hemodialysis populations
showed that central venous catheters (CVC) and
diabetic foot ulcers are risk factors for Gram-negative
pathogens and emphasized the importance of vascular
access planning [22].

Contaminated water and other fluids are recognized
to be associated with healthcare-associated infections.
A Gram-negative outbreak at a hemodialysis center in
Maryland was investigated, and the result was found to
be incompetent ports [23]. Another outbreak was
reported due to contamination during the reprocessing
of the dialyzer [24]. Additionally, fifty-eight cases of
Gram-negative bloodstream infection were reported
due to wall boxes, which were identified as an
undescribed source of infection [25].

It seems that the incidence of BSI and CLABSI
varies from region to region and from one medical
facility to another. These divergent rates can be
attributed to different geographical locations, climate,
infection control practices, and adherence to hand
hygiene measures. Our BSI rates are comparable to the
published data. We observed a decline in infections in
2020, which may be attributed to the COVID-19
pandemic. This decline could be due to enhanced focus
on hand hygiene practice by both staff and patients.

Our study highlights a significant issue regarding
bloodstream infections among hemodialysis patients,
particularly those with central venous catheters. Gram-
negative and Gram-positive microorganisms are
responsible for the vast majority of BSI episodes. We
have reviewed the antibiogram of the last 5 years. Our
most common isolates (Enterobacter cloacae,
Klebsiella pneumoniae, and Pseudomonas aeruginosa)
are sensitive to carbapenems, aminoglycosides, and
cefepime (4th-generation cephalosporins). Overall,
Gram-negative bacteria were resistant to penicillin and
first-generation and second-generation cephalosporins;
third-generation  cephalosporins  showed  partial
resistance among isolates.

Conclusions

In our study, we aimed to determine the prevalence
of Gram-negative and Gram-positive BSIs among our
hemodialysis patients. Our findings revealed that

J Infect Dev Ctries 2025; 19(11):1643-1648.

Gram-negative pathogens accounted for half of these
events. In other studies, conducted in Saudi Arabia, the
incidence of Gram-negative pathogens is significantly
high.

Our study has some limitations, as it focused on
hemodialysis patients confined to satellite centers.
Infection rates may vary in acute hospital settings,
where patients are more critically ill. We focused on the
basic spectrum of pathogens and some known
associated factors. Microbial pathogen sensitivity and
the need to look for metastatic infection were not the
targets of our study. Our research highlighted a basic
spectrum of pathogens and some known associated risk
factors, but we did not delve into the complexities of
microbial pathogen sensitivity or investigate the
potential for metastatic infections. Metastatic infections
such as infective endocarditis, osteomyelitis, septic
arthritis, and discitis are well-known morbidities
secondary to catheter-related bacteremia. In this
project, we are not directly assessing these conditions,
as our patient cohort belongs to various tertiary care
hospital settings. It was not possible to obtain long-term
data regarding metastatic complications in the majority
of cases.

The data from our 5-year study will assist in
planning empirical antibiotic therapy. We aim to
implement strict hand hygiene practices and infection
control measures to significantly reduce the incidence
of Gram-negative bacteremia episodes. Further
research on metastatic infections and microbial
sensitivity patterns is suggested for future studies.
Additionally, we propose using a taurolidine-citrate
lock to reduce Gram-negative bacteremia, as supported
by published studies [26].

Acknowledgements

We extend our gratitude to Ms. Manar Alazab and Ms. Salwa
Alzahrani, administrative assistants, for their valuable
assistance and contributions to the success of this study.

Corresponding author

Hashmi, M.N

Medical Director

2997 King Abdulaziz Road, Al-Shate'e District,
Jeddah 21544

Tel: +966-12-226-6666

Ext: 62610/ 62612/ 62613

Email: hashmimu@mngha.med.sa

Conflict of interest
No conflict of interest is declared.

1647



Ain et al. — Bacterial Bloodstream infections in Hemodialysis

References

1.

10.

11.

12.

13.

14.

15.

Suzuki M, Satoh N, Nakamura M, Horita S, Seki G, Moriya K
(2016) Bacteremia in hemodialysis patients. World J Nephrol
5: 489-496. doi: 10.5527/wjn.v5.16.489.

Ronco C, Tetta C (2005) Dialysis patients and cardiovascular
problems: can technology solve the complex equation? Expert
Rev Med Devices 2: 681-687. doi: 10.1586/17434440.2.6.681.
Fisher M, Golestaneh L, Allon M, Abreo K, Mokrzycki MH
(2020) Prevention of bloodstream infections in patients
undergoing hemodialysis. Clin J] Am Soc Nephrol 15: 132—
151. doi: 10.2215/CJN.06820619.

Himmelfarb J, Hakim RM (1994) Biocompatibility and risk of
infection in haemodialysis patients. Nephrol Dial Transplant 9
Suppl 2: 138-144.

Mohamed H, Ali A, Browne LD, O'Connell NH, Casserly L,
Stack AG, Hussein WF (2019) Determinants and outcomes of
access-related  blood-stream  infections among  Irish
haemodialysis patients; a cohort study. BMC Nephrol 20: 68.
doi: 10.1186/s12882-019-1253-x.

Kumbar L, Yee J (2019) Current concepts in hemodialysis
vascular access infections. Adv Chronic Kidney Dis 26: 16-22.
doi: 10.1053/j.ackd.2018.10.005.

Schamroth Pravda M, Maor Y, Brodsky K, Katkov A, Cernes
R, Schamroth Pravda N, Tocut M, Zohar I, Soroksky A,
Feldman L (2024) Blood stream infections in chronic
hemodialysis patients - characteristics and outcomes. BMC
Nephrol 25: 3. doi: 10.1186/s12882-023-03442-5.

Inrig JK, Reed SD, Szczech LA, Engemann JJ, Friedman JY,
Corey GR, Schulman KA, Reller LB, Fowler VG Jr (2006)
Relationship between clinical outcomes and vascular access
type among hemodialysis patients with Staphylococcus aureus
bacteremia. Clin J Am Soc Nephrol 1: 518-524. doi:
10.2215/CIN.01301005.

Taylor G, Gravel D, Johnston L, Embil J, Holton D, Paton S
(2004) Incidence of bloodstream infection in multicenter
inception cohorts of hemodialysis patients. Am J Infect Control
32: 155-160. doi: 10.1016/j.ajic.2003.05.007.

Pastan S, Soucie JM, McClellan WM (2002) Vascular access
and increased risk of death among hemodialysis patients.
Kidney Int 62: 620-626. doi:  10.1046/j.1523-
1755.2002.00460.x.

Allon M, Daugirdas J, Depner TA, Greene T, Ornt D, Schwab
SJ (2006) Effect of change in vascular access on patient
mortality in hemodialysis patients. Am J Kidney Dis 47: 469—
477. doi: 10.1053/j.ajkd.2005.11.023.

Farrington CA, Allon M (2019) Complications of hemodialysis
catheter bloodstream infections: Impact of infecting organism.
Am J Nephrol 50: 126-132. doi: 10.1159/000501357.

Allon M (2004) Dialysis catheter-related bacteremia: treatment
and prophylaxis. Am J Kidney Dis 44: 779-791. doi:
10.1016/50272-6386(04)01078-9.

Kozeny GA, Venezio FR, Bansal VK, Vertuno LL, Hano JE
(1984) Incidence of subclavian dialysis catheter-related
infections. Arch Intern Med 144: 1787-1789. doi:
10.1001/archinte.144.9.1787.

Teehan GS, Bahdouch D, Ruthazer R, Balakrishnan VS,
Snydman DR, Jaber BL (2004) Iron storage indices: novel
predictors of bacteremia in hemodialysis patients initiating

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

J Infect Dev Ctries 2025; 19(11):1643-1648.

intravenous iron therapy. Clin Infect Dis 38: 1090—-1094. doi:
10.1086/382878.

Gabhlot R, Nigam C, Kumar V, Yadav G, Anupurba S (2014)
Catheter-related bloodstream infections. Int J Crit Illn Inj Sci
4:162-167. doi: 10.4103/2229-5151.134184.

Loo LW, Liew YX, Choong HLL, Tan AL, Chlebicki P (2015)
Microbiology and audit of vascular access-associated
bloodstream infections in multi-ethnic Asian hemodialysis
patients in a tertiary hospital. Infect Dis (Lond) 47: 225-230.
doi: 10.3109/00365548.2014.986193.

Fysaraki M, Samonis G, Valachis A, Daphnis E,
Karageorgopoulos DE, Falagas ME, Stylianou K, Kofteridis
DP (2013) Incidence, clinical, microbiological features and
outcome of bloodstream infections in patients undergoing
hemodialysis. Int J Med Sci 10: 1632-1638. doi:
10.7150/ijms.6710.

Almenara-Tejederas M, Rodriguez-Pérez MA, Moyano-
Franco MJ, de Cueto-Lopez M, Rodriguez-Baiio J, Salgueira-
Lazo M (2023) Tunneled catheter-related bacteremia in
hemodialysis patients: incidence, risk factors and outcomes. A
14-year observational study. J Nephrol 36: 203-212. doi:
10.1007/s40620-022-01408-8.

Balkhy HH, El-Saed A, Alshamrani MM, Alsaedi A, Nasser
WA, Gammal AE, Aljohany SM, Arabi Y, Algahtani S, Bonnie
HB, Alothman A, Almohrij SA (2020) High burden of resistant
Gram negative pathogens causing device-associated healthcare
infections in a tertiary care setting in Saudi Arabia, 2008-2016.
J  Glob Antimicrob  Resist 23:  26-32.  doi:
10.1016/j.jgar.2020.07.013.

Alhazmi SM, Noor SO, Alshamrani MM, Farahat FM (2019)
Bloodstream infection at hemodialysis facilities in Jeddah: a
medical record review. Ann Saudi Med 39: 258-264. doi:
10.5144/0256-4947.2019.258.

Murray EC, Marek A, Thomson PC, Coia JE (2015) Gram-
negative bacteraemia in haemodialysis. Nephrol Dial
Transplant 30: 1202—1208. doi: 10.1093/ndt/gfv205.

Wang SA, Levine RB, Carson LA, Arduino MJ, Killar T,
Grillo FG, Pearson ML, Jarvis WR (1999) An outbreak of
Gram-negative bacteremia in hemodialysis patients traced to
hemodialysis machine waste drain ports. Infect Control Hosp
Epidemiol 20: 746-751. doi: 10.1086/501576.

Edens C, Wong J, Lyman M, Rizzo K, Nguyen D, Blain M,
Horwich-Scholefield S, Moulton-Meissner H, Epson E,
Rosenberg J, Patel PR (2017) Hemodialyzer reuse and Gram-
negative bloodstream infections. Am J Kidney Dis 69: 726—
733. doi: 10.1053/j.ajkd.2016.09.022.

Novosad SA, Lake J, Nguyen D, Soda E, Moulton-Meissner H,
Pho MT, Gualandi N, Bepo L, Stanton RA, Daniels JB,
Turabelidze G, Van Allen K, Arduino M, Halpin AL, Layden
J, Patel PR (2019) Multicenter outbreak of Gram-negative
bloodstream infections in hemodialysis patients. Am J Kidney
Dis 74: 610-619. doi: 10.1053/j.ajkd.2019.05.012.

Solomon LR, Cheesbrough JS, Ebah L, Al-Sayed T, Heap M,
Millband N, Waterhouse D, Mitra S, Curry A, Saxena R, Bhat
R, Schulz M, Diggle P (2010) A randomized double-blind
controlled trial of taurolidine-citrate catheter locks for the
prevention of bacteremia in patients treated with hemodialysis.
Am J  Kidney  Dis 55: 1060-1068. doi:
10.1053/j.ajkd.2009.11.025.

1648



	Introduction
	Methodology
	Results
	Discussion
	Conclusions
	Acknowledgements
	Corresponding author
	Conflict of interest
	References

