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Abstract

Objective: To investigate the correlation between the ABO blood group and the risk of

recurrent catheter-associated urinary tract infections (CA-UTI) and multi-drug resistant

(MDR) organism reinfection in the critically ill.
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Methods: This retrospective cohort study enrolled adult patients admitted to the intensive care

unit (ICU) with confirmed CA-UTI to investigate the correlation between ABO type and the

susceptibility to recurrent, reinfection and MDR reinfection. Patients were classified into two

groups based on ABO type (O blood group versus non-O blood group).

Results: A total of 81 patients were included in the study: 37 in the O blood group and 44 in the

non-O blood group. Patients in the O blood group were associated with significantly lower odds

of recurrent CA-UTI (adjusted odds ratio 0.28; 95% confidence interval 0.08, 0.95), a shorter

ICU length of stay (LOS) (estimate [SE] –0.24 [0.05]), hospital LOS (estimate [SE] –0.15 [0.03])

and mechanical ventilation duration (estimate [SE] –0.41 [0.07]) compared with the non-O blood

group type.

Conclusion: Non-O blood group type might be a risk factor for recurrent CA-UTI and infection

with MDR organism.
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Introduction

Catheter-associated urinary tract infections
(CA-UTI) are considered one of the most
common hospital-acquired infections.1 Up
to 80% of hospital-acquired urinary tract
infections (UTI) are attributable to urinary
catheterization.2 The daily risk of acquiring
bacteriuria secondary to urinary catheteri-
zation varies from 3% to 7%.1 Of those
with bacteriuria, up to 25% of patients
become symptomatic.3 Escherichia coli and
Candida species are the most common prev-
alent organisms causing CA-UTI, followed
by Enterococcus species, Pseudomonas spe-
cies, Klebsiella species and Staphylococcus
aureus.4,5

Several risk factors associated with
CA-UTI acquisition have been identified.6,7

Catheterization duration is one of the most
important risk factors and other risk factors
include older age, female sex, colonization
of the drainage bag with bacteria and dia-
betes mellitus.6,7 Several studies show that

CA-UTI is associated with increased mor-

tality rates and prolonged length of stay

(LOS).8,9

The relationship between the ABO blood

group and the susceptibility to certain infec-

tious diseases is well documented.10–14 The

blood group antigens are unique markers

on the surface of red blood cell (RBC)

membranes that determine the blood

group type. These antigens are also present

on body fluids and tissue cells, including

urothelial tissue. Antigens consist of carbo-

hydrate molecules that have roles in the

membrane transportation of molecules,

acting as receptors for extracellular ligands

and enzymes, cell membrane integrity,

and cell adhesion. ABO antigens have

similar functions on epithelial cells, and

RBCs.15,16 Adherence to solid substrates is

a property common to many pathogenic

microorganisms (e.g. viruses, bacteria,

yeasts and protozoa) that allows them to

attach to host structures, which is
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considered necessary as it is the first step in

the colonization of host mucosal surfaces.

Microbial pathogens avoid being swept

along by the normal flow of body fluids

(blood, urine, intestinal contents) and elim-

inated, which leads to invasive infection in

many situations.17–20

The wide use of the indwelling urinary

catheters for patients admitted to the inten-

sive care unit (ICU) has made CA-UTI the

most common healthcare-associated infec-

tion in the ICU.21,22 Thus, the prevention

of CA-UTI is challenging in critically ill

patients. These patients are highly suscepti-

ble to CA-UTI and recurrence. It is known

that ABO antigens on the extracellular sur-

face of RBC membranes may influence

patient susceptibility to several different

pathogens.23 A few studies have suggested

a slightly decreased risk of infection in

patients with blood group O when com-

pared with non-O.24,25 The evidence about

the relationship between ABO blood types

and the risk of CA-UTI recurrence remains

scarce. Therefore, this study investigates

the correlation between blood group type

(O-group versus non-O group) and the

risk of recurrent CA-UTI, CA-UTI reinfec-

tion and multi-drug resistant (MDR) rein-

fection in critically ill patients with an

indwelling urinary catheter.

Patients and methods

Study design and participants

This retrospective cohort study enrolled

consecutive critically ill patients in the

adult medical, surgical, trauma and burn

ICUs at King Abdulaziz Medical City,

Riyadh, Saudi Arabia between 1 January

2018 and 31 December 2018. The ICUs

admit medical, surgical, trauma and burn

patients and operate as closed units with

71 ICU bed capacity with 24/7 onsite

coverage by critical care board-certified

intensivists. Patients were enrolled in the
study if they were critically ill patients
aged �16 years with known ABO group
type and confirmed CA-UTI within ICU
admission. The exclusion criteria were as
follows: (i) patients that were using immu-
nosuppressive medication(s); (ii) immuno-
compromised patients; (iii) patients
receiving inappropriate antibiotic(s)
dosing; (iv) patients with a duration
within 72 h of a positive culture (using
MicromedexVR database); (v) patients with
previous admissions or antibiotic use
within 3 months of admission; (vi) patients
with repeated urinary catheter culture
within 3 days that was negative without
any new antibiotic initiation (s); (vii) sam-
pling from the catheter collection system
(e.g. catheter bag), urine culture <100 000
CFU/ml or more than two species of micro-
organism isolated.

The study hypothesized that patients
with blood type O might be at a lower
risk of CA-UTI recurrence and complica-
tions than non-O groups. Patients were cat-
egorized into two groups based on their
blood group type since earlier studies sug-
gested that patients with blood type O have
a lower risk of infection than those with
non-O blood types (O group versus non-O
group). All patients were followed until
they were discharged from the hospital or
died during their hospital stay.

This study was approved in May 2019
by King Abdullah International Medical
Research Centre – Institutional Review
Board, Riyadh, Saudi Arabia (no. RC20.
587.R). The reporting of this study followed
the STROBE guideline.26 The confidential-
ity of the study participants was strictly
observed throughout the study by using
anonymous unique serial numbers for
each patient and restricting access to the
data to the investigators alone. Informed
consent was not required due to the retro-
spective nature of the study as per the
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policy of the governmental and local
research centre.

Data collection and definitions

Demographic and clinical data, including
age, sex, weight, body mass index, associat-
ed comorbidities, laboratory baseline, ABO
and rhesus blood group types, urine output
(the amount of urine produced in ml/kg
per h) and renal function within 24 h of
ICU admission were collected from an elec-
tronic record system (Best Care System).
Additionally, Glasgow Coma Scale, Acute
Physiology and Chronic Health Evaluation
(APACHE II) score, Sequential Organ
Failure Assessment score and Nutrition
Risk in Critically ill score were recorded
for eligible patients on the first day.
Urinary culture(s), recurrent, reinfection
and MDR reinfection CA-UTI, antibiotic
dosing and duration, ICU admission date,
ICU discharge date, ICU mortality within
30 days, mechanical ventilation duration
and history of admission, surgery, or dialy-
sis within 3 months of ICU admission were
reviewed and recorded. Patients with latex
allergies or those expected to remain on a
urinary catheter for a long time were
switched to silicone catheters.

Asymptomatic CA-UTI is defined by
the Infectious Diseases Society of
America (IDSA) as a culture growth of
�100 000CFU/ml of uropathogenic bacte-
ria in asymptomatic patients with urinary
catheterization (e.g. indwelling urethral,
indwelling suprapubic or intermittent cath-
eterization).17 In contrast, symptomatic
CA-UTI is defined by the IDSA as culture
growth of �10 000CFU/ml of uropatho-
genic bacteria in the presence of symptoms
or signs compatible with a UTI.17 CA-UTI
reinfection was defined as a UTI occurring
more than 14 days after the original
CA-UTI with a different organism. The
recurrence of CA-UTI was defined as a
UTI by the same organism that caused the

primary infection. According to the

US Centers for Disease Control and

Prevention, MDR was defined as microor-

ganisms that are resistant to one or more

classes of antimicrobial agents.27

Clinical outcomes

The primary outcome was the correlation

between O-group types (Oþ and O–)

versus non-O group types (Aþ, A–, Bþ,

B–, ABþ, AB–) and the risk of having

recurrent CA-UTI in critically ill patients.

Secondary outcomes were CA-UTI reinfec-

tion, MDR reinfection, ICU LOS, hospital

LOS, mechanical ventilation (MV) duration

and ICU mortality.

Statistical analyses

Collected data were entered into

MicrosoftVR ExcelVR 2010 (Microsoft

Corporation, Redmond, WA, USA) after

being coded as a master list. No identifiable

information, such as patient name and

medical record number, was recorded in

the list. The analytical data set was then

de-identified. This study considered two

groups: patients with O group types versus

patients with non-O group types.
All statistical analyses were performed

using the SAS statistical package, version

9.4 (SAS Institute Inc., Cary, NC, USA).

The categorical data are presented as n

(%) and the continuous data are presented

as mean� SD. The denominator for the

percentage (%) calculations was based on

the actual observation of outcomes. The

normality assumptions were assessed for

all continuous data using statistical tests

(i.e. Shapiro–Wilk test) and graphical rep-

resentation (i.e. histograms and Q-Q plots).

The categorical data were compared using

v2-test or Fisher’s exact test. Normally dis-

tributed continuous data were compared

using Student’s t-test and other continuous

variables that were not normally distributed
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were compared using Mann–Whitney
U-test (Wilcoxon rank sum test). Baseline
characteristics, baseline severity and out-
come variables were compared between
the two groups. Multivariate logistic regres-
sion and generalized linear regression anal-
yses were used to determine the relationship
between blood groups and the different out-
comes considered in this study, after adjust-
ing for the patient’s baseline APACHE II
score. The odds ratios (OR) and 95% con-
fidence intervals (CI) were reported for the
associations. A P-value <0.05 was consid-
ered statistically significant.

Results

This retrospective cohort study screened
1730 patients, of which 203 were found to
have confirmed CA-UTI. Of these, 122
patients had confirmed CA-UTI but did
not meet the eligibility criteria. The remain-
ing 81 patients were included in the study,
of which 37 (45.7%) were in the O blood
group and 44 patients (54.3%) were in the
non-O blood group. In the non-O blood
group, most patients were Aþ (22 of
44 patients; 50.0%) followed by Bþ (15 of
44 patients; 34.1%).

Table 1 presents the baseline demo-
graphic and clinical characteristics of the
O blood and non-O blood groups. There
were no significant differences between the
two groups in terms of the baseline demo-
graphic and clinical characteristics except
for albumin level, which was significantly
lower in the non-O blood group
(P¼ 0.0223). The most common CA-UTI
organisms in the O blood group were
E. coli (13 of 37 patients; 35.1%) followed
by Candida species (12 of 37 patients;
32.4%) and Klebsiella (12 of 37 patients;
32.4%) (Table 2). Whereas, in the non-O
blood group, the most common CA-UTI
organisms were Candida (10 of 44 patients;
22.7%) followed by E. coli (eight of
44 patients; 18.2%).

In a crude analysis, more patients in the
non-O blood group had recurrent infections
than the O blood group (14 of 42 patients
[33.3%] versus six of 35 patients [17.1%],
respectively), but the difference was not sig-
nificant (Table 3). The odds of getting at
least one recurrent infection were 82% less
in the O blood group than in the non-O
blood group (adjusted OR 0.28; 95% CI
0.08, 0.95; P¼ 0.04). The CA-UTI reinfec-
tion rate was not significantly different
between the two blood groups (adjusted
OR 1.47; 95% CI 0.35, 6.05).

There were four of 11 patients (36.4%)
with MDR organisms in the O blood group
compared with 15 of 21 patients (71.4%) in
the non-O blood group, which was signifi-
cantly different in a crude analysis
(P¼ 0.03) (Table 3). However, the differen-
ces between the two groups were not signif-
icant in the regression analysis (adjusted
OR 0.21; 95% CI 0.03, 1.23).

Patients in the O blood group had a
median ICU LOS of 17 days as compared
with 23.5 days in the non-O group
(Table 3). In the regression analysis, com-
pared with the non-O blood group, the O
blood group had a significantly shorter
ICU LOS (estimate [SE] –0.24 [0.05];
P< 0.001), hospital LOS (estimate [SE]
–0.15 [0.03]; P< 0.001) and MV duration
(estimate [SE] –0.41 [0.07]; P< 0.001). The
ICU mortality was not significantly differ-
ent between the two blood groups (adjusted
OR 0.70; 95% CI 0.22, 2.26).

Discussion

Linking blood types to the occurrence of
some diseases and infections is a new area
of investigation.12,28,29 Theories about the
relationship between blood types and dis-
eases developed from observations that
the carbohydrates located on the cell mem-
branes of RBCs play a crucial role acting as
receptors for microorganisms; and the
attractiveness of these receptors to bacteria,
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Table 1. Baseline demographic and clinical characteristics of patients with confirmed catheter-associated
urinary tract infections and admitted to the intensive care unit (ICU) stratified into O blood and non-O
blood groups.

Characteristic

O blood group

n¼ 37

Non-O blood group

n¼ 44

Age, years* 62.05� 18.69 65.30� 19.39

Sex, male^^ 21 (56.8) 20 (45.5)

Body mass index, kg/m2* 30.14� 6.47 29.75� 8.90

Rhesus Rh factor**

Positive 36 (97.3) 40 (90.9)

Negative 1 (2.7) 4 (9.1)

Comorbidities

Hypertension^^ 21 (56.8) 28 (63.6)

Dyslipidaemia^^ 6 (16.2) 7 (15.9)

Diabetes mellitus^^ 25 (67.6) 24 (54.5)

Acute coronary syndrome** 0 (0.0) 1 (2.3)

Acute kidney injury status within

24 h of ICU admission^^

10 (27.0) 14 (31.8)

Asthma** 1 (2.7) 2 (4.5)

Chronic obstructive pulmonary disease** 3 (8.1) 3 (6.8)

Ischaemic stroke^^ 9 (24.3) 6 (13.6)

Cancer** 2 (5.4) 4 (9.1)

Chronic kidney disease^^ 8 (21.6) 10 (22.7)

Ischemic heart disease^^ 5 (13.5) 8 (18.2)

Coronary artery bypass grafting** 0 (0.0) 3 (6.8)

Percutaneous coronary intervention** 0 (0.0) 4 (9.1)

Dialysis during ICU stay^^ 10 (27.0) 9 (20.5)

Heart failure^^ 6 (16.2) 5 (11.4)

Hypothyroidism** 1 (2.7) 4 (9.1)

Liver disease (any type)^^ 7 (18.9) 4 (9.1)

Baseline severity scores

APACHE II score* 15.95� 8.62 19.31� 8.56

NUTRIC score* 4.36� 2.02 4.69� 2.33

SOFA score^ 6.00 (3.00–8.50) 6.00 (4.00–9.00)

Baseline (within 24 h of ICU admission)

Alanine aminotransferase, U/l^ 33.00 (13.00–66.00) 21.00 (14.00–33.00)

Aspartate aminotransferase, U/l^ 51.00 (27.00–81.00) 31.00 (23.00–63.00)

Total bilirubin, mmol/l^ 14.20 (8.70–30.60) 14.10 (10.40–24.60)

Albumin, g/l*a 30.25� 4.80 27.53� 5.41

GCS baseline^ 12.00 (8.00–15.00) 11.00 (6.00–14.50)

Blood glucose level, mmol/l^ 13.30 (8.70–17.55) 12.05 (8.05–16.45)

Haematocrit, l/l^ 0.33 (0.29–0.40) 0.33 (0.26–0.37)

Lactic acid, mmol/l^ 1.96 (1.46–3.10) 1.71 (1.21–3.07)

Lowest mean arterial pressure, mmHg^ 65.00 (60.00–73.00) 63.50 (56.50–71.50)

PaO2/FiO2 ratio^ 266.75 (124.38–421.90) 243.25 (167.50–380.94)

White blood cell count, �109/l^ 13.20 (9.70–16.50) 10.60 (8.05–16.30)

International normalized ratio^ 1.12 (1.05–1.31) 1.24 (1.09–1.42)

Platelets count, �109/l^ 223.00 (169.00–309.00) 214.00 (139.50–266.00)

(continued)
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parasites and viruses varies with the differ-

ent blood types.30–32 This current retrospec-

tive study has demonstrated a significant

decrease in the odds of CA-UTI recurrence

in critically ill patients with an O-blood

group type compared with non-O blood

group patients (adjusted OR 0.28; 95% CI

0.08, 0.95). In contrast, the odds of a

CA-UTI reinfection was numerically

higher in the O blood group than the non-

O blood group, but it did not reach statis-

tical significance (adjusted OR 1.47; 95%

CI 0.35, 6.05). Since optimal antibiotic

choice, dosing and duration directly affect
treatment success and improve patient out-

comes,33 only the patients that received
appropriate antibiotic therapy were includ-
ed in the current study.

The rate of CA-UTI recurrence was
higher in the non-O blood group compared

with the O blood group (33.3% versus
17.1%, respectively). This current finding
was consistent with a previous study in
307 patients that found that type A blood

group patients have a higher predisposition
to get UTI than other blood groups.34 In
critically ill patients, a previous prospective

cohort study showed that patients with
blood type A were independently associated
with acute kidney injury (AKI) risk, a ten-

dency to acquire infections and experience
more severe sepsis than other blood group
types.35

Another comparative study observed a
correlation between the Lewis blood-group

phenotype and recurrent UTIs among
women.36 That previous study identified a
relationship between recurrent UTI among

Lewis blood-group non-secretor (Le[aþ b–])
and recessive (Le[a–b–]) phenotypes.36

Since the identification of these antigens,

several studies, including adult and paediat-
ric patients, have been published.11,36 These
studies suggested that the presence of the P2
secretor phenotype blood group protects

Table 1. Continued.

Characteristic

O blood group

n¼ 37

Non-O blood group

n¼ 44

Activated partial thromboplastin time, s^ 30.55 (27.10–36.50) 32.90 ( 26.80–35.20)

Serum creatinine, mmol/l^ 87.00 (65.00–156.00) 109.00 (58.00–208.00)

Blood urea nitrogen, mmol/l^ 10.20 (6.60–18.95) 10.00 (5.20–26.50)

Estimated glomerular filtration rate, ml/min/1.73m2^ 78.00 (31.00–103.00) 47.00 (22.00–104.00)

Urine output, ml/kg per h^ 0.31 (0.15–0.63) 0.28 (0.17–0.47)

Data presented as mean� SD, n of patients (%) or median (Q1–Q3).
aP¼ 0.0223 for between-group comparison; all other comparisons were not significant (P� 0.05); *Student’s t-test;

^Mann–Whitney U-test (Wilcoxon rank sum test); ^^v2-test; **Fisher’s exact test.
APACHE II, Acute Physiology and Chronic Health Evaluation score; NUTRIC, Nutrition Risk in Critically ill; SOFA,

Sequential Organ Failure Assessment score, GCS, Glasgow Coma Scale.

Table 2. Comparison of the most common
microorganisms causing catheter-associated urinary
tract infections (CA-UTI) in patients with con-
firmed CA-UTI and admitted to the intensive care
unit stratified into stratified into O blood and non-
O blood groups.

Organism

O blood group

n¼ 37

Non-O blood

group n¼ 44

Candida 12 (32.4) 10 (22.7)

Escherichia coli 13 (35.1) 8 (18.2)

Klebsiella 12 (32.4) 6 (13.6)

Pseudomonas 4 (10.8) 6 (13.6)

Proteus 7 (18.9) 0 (0.0)

Acinetobacter 1 (2.7) 3 (6.8)

Serratia 1 (2.7) 1 (2.3)

Citrobacter 1 (2.7) 1 (2.3)

Data presented as n of patients (%) for each organism.
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against asymptomatic colonization of the
urinary tract.37 In addition, certain blood
group phenotypes may help identify
patients at risk of UTI.11,36 This has been
explained by the expression of a large
amount of ABH and Lewis histo-blood
group antigens in the epithelial lining of
the urinary tracts.11,36 It has been proposed
that the expression of ABO, H, Lewis and
secretor histo-blood group carbohydrates
can affect the susceptibility and resistance
to infections, including UTIs.38–41

In this current study, patients with an
O-blood group type demonstrated a signif-
icantly shorter hospital LOS (47 days versus
56 days) and ICU LOS (17 days versus
23 days) compared with the non-O group.
As it has been seen that in critically ill
patients, patients with blood type A are
associated with a higher risk of ICU com-
plications, including infections and sepsis,
this infection tendency and severity could
contribute to a longer hospital LOS.25,28

This current study demonstrated no signif-
icant difference in ICU mortality between
the two groups. In contrast, a single-
centre retrospective cohort study that
enrolled 141 patients with severe burn inju-
ries, demonstrated that patients with blood
type O had increased mortality and AKI
risk.42

These current results demonstrated that
the prevalence of MDR organisms was dif-
ferent between the two groups (P¼ 0.03).
To the best of our knowledge, there are
no previous publications reporting on
MDR infection risk in relation to blood
types, so this is the first study to examine
the relationship between CA-UTI recur-
rence, CA-UTI reinfection and MDR rate
with blood group type among ICU patients.

This current retrospective study has sev-
eral limitations. First, the retrospective
design and small sample size might limit
the conclusions and findings of the relation-
ship observed. Secondly, the length of ICU
stay, MDR rate and CA-UTI reinfection

could have been affected by other factors

unrelated to blood group types, especially

in the research population of critically ill

patients. Finally, it is known that latex

rubber catheters are associated with higher

urinary catheter infections. However, the

study could not assess the correlation

between the catheter type and the clinical

outcomes of interest. Further well-

conducted studies with a larger sample

size and different statistical analysis

approaches (e.g. propensity score matching)

are required to avoid potential bias and

confirm these current findings.
In conclusion, non-O blood group type

was associated with a higher risk of recur-

rent CA-UTI and infection with MDR

organisms compared with O-blood group

type in critically ill patients. Identifying

patients at risk of CA-UTI recurrence

may help determine the appropriate pro-

phylaxis, including the best treatment

options and duration. However, larger,

extensive and well-conducted studies evalu-

ating the correlation of CA-UTI infections,

reinfection and infection severity with

blood group types are needed to further

clarify this correlation.

Acknowledgements

We would like to thank Princess Nourah

bint Abdulrahman University Researchers

Supporting Project (no. PNURSP2022R78),

Princess Nourah bint Abdulrahman University,

Riyadh, Saudi Arabia. In addition, we would

like to acknowledge all of the investigators in

the Saudi Critical Care Pharmacy Research

(SCAPE) Platform that participated in this

project.

Author contributions

All authors contributed to data collection and

analysis; and drafting, revising and approving

the final version of the manuscript. All authors

agree to be fully accountable for ensuring the

integrity and accuracy of the work.

Al Sulaiman et al. 9



Declaration of conflicting interest

The authors declare that there are no conflicts of

interest.

Funding

The authors disclosed receipt of the following

financial support for the research, authorship,

and/or publication of this article:This study was

supported by a grant from the Princess Nourah

bint Abdulrahman University Researchers

Supporting Project (no. PNURSP2022R78),

Princess Nourah bint Abdulrahman University,

Riyadh, Saudi Arabia.

ORCID iDs

Khalid Al Sulaiman https://orcid.org/0000-

0002-5547-2043
Ohoud Aljuhani https://orcid.org/0000-0002-

8078-564X

References

1. Lo E, Nicolle LE, Coffin SE, et al. Strategies

to prevent catheter-associated urinary tract

infections in acute care hospitals: 2014

update. Infect Control Hosp Epidemiol

2014; 35: S32–S47.
2. Weber DJ, Sickbert-Bennett EE, Gould CV,

et al. Incidence of catheter-associated and

non-catheter-associated urinary tract infec-

tions in a healthcare system. Infect Control

Hosp Epidemiol 2011; 32: 822–823.
3. Leuck AM, Wright D, Ellingson L, et al.

Complications of Foley catheters–is infection

the greatest risk? J Urol 2012; 187: 1662–1666.
4. Puri J, Mishra B, Mal A, et al. Catheter

associated urinary tract infections in neurol-

ogy and neurosurgical units. J Infect 2002;

44: 171–175.
5. Weiner LM, Webb AK, Limbago B, et al.

Antimicrobial-Resistant Pathogens Associated

With Healthcare-Associated Infections:

Summary of Data Reported to the

National Healthcare Safety Network at the

Centers for Disease Control and Prevention,

2011–2014. Infect Control Hosp Epidemiol

2016; 37: 1288–1301.
6. Kunin CM and McCormack RC.

Prevention of catheter-induced urinary-

tract infections by sterile closed drainage.

N Engl J Med 1966; 274: 1155–1161.
7. Platt R, Polk BF, Murdock B, et al. Risk

factors for nosocomial urinary tract infec-

tion. Am J Epidemiol 1986; 124: 977–985.
8. Nicolle LE. Catheter associated urinary

tract infections. Antimicrob Resist Infect

Control 2014; 3: 23.
9. Chant C, Smith OM, Marshall JC, et al.

Relationship of catheter-associated urinary

tract infection to mortality and length

of stay in critically ill patients: a

systematic review and meta-analysis of obser-

vational studies. Crit Care Med 2011; 39:

1167–1173.
10. Kinane DF, Blackwell CC, Brettle RP, et al.

ABO blood group, secretor state, and sus-

ceptibility to recurrent urinary tract infec-

tion in women. Br Med J (Clin Res Ed)

1982; 285: 7–9.
11. Jantausch BA, Criss VR, O’Donnell R, et al.

Association of Lewis blood group pheno-

types with urinary tract infection in children.

J Pediatr 1994; 124: 863–868.
12. Peter D’Adamo. Blood group, secretor status

and the microbiome, https://n-equals-one.

com/blogs/2015/03/02/blood-groups-secre

tor-status-and-the-microbiome/ (2015,

accessed on 15 January 2021).
13. Epp A and Larochelle A. Recurrent urinary

tract infection. SOGC Clinical Practice

Guideline No. 250, November 2010.

J Obstet Gynaecol Can 2010; 32: 1082–1090.
14. Reid M and Mohandas N. Red blood cell

blood group antigens: structure and func-

tion. Semin Hematol 2004: 41: 93–117.
15. Mohandas N and Narla A. Blood group

antigens in health and disease. Curr Opin

Hematol 2005; 12: 135–140.
16. Hooton TM, Bradley SF, Cardenas DD,

et al. Diagnosis, prevention, and treatment

of catheter-associated urinary tract infection

in adults: 2009 International Clinical

Practice Guidelines from the Infectious

Diseases Society of America. Clin Infect

Dis 2010; 50: 625–663.
17. Johnson JR. Virulence factors in Escherichia

coli urinary tract infection. Clin Microbiol

Rev 1991; 4: 80–128.

10 Journal of International Medical Research

https://orcid.org/0000-0002-5547-2043
https://orcid.org/0000-0002-5547-2043
https://orcid.org/0000-0002-5547-2043
https://orcid.org/0000-0002-8078-564X
https://orcid.org/0000-0002-8078-564X
https://orcid.org/0000-0002-8078-564X
https://n-equals-one.com/blogs/2015/03/02/blood-groups-secretor-status-and-the-microbiome/
https://n-equals-one.com/blogs/2015/03/02/blood-groups-secretor-status-and-the-microbiome/
https://n-equals-one.com/blogs/2015/03/02/blood-groups-secretor-status-and-the-microbiome/


18. Schoolrik GK. How Escherichia coli infects

the urinary tract. N Engl J Med 1989; 320:

804–805.
19. Stapleton A, Nudelman E, Clausen H, et al.

Binding of uropathogenic Escherichia coli

R45 to glycolipids extracted from vaginal

epithelial cells is dependent on histo-blood

group secretor status. J Clin Invest 1992;

90: 965–972.
20. Burton DC, Edwards JR, Srinivasan A,

et al. Trends in catheter-associated urinary

tract infections in adult intensive care

units-United States, 1990-2007. Infect

Control Hosp Epidemiol 2011; 32: 748–756.
21. Leblebicioglu H, Ersoz G, Rosenthal VD,

et al. Impact of a multidimensional infection

control approach on catheter-associated uri-

nary tract infection rates in adult intensive

care units in 10 cities of Turkey:

International Nosocomial Infection

Control Consortium findings (INICC). Am

J Infect Control 2013; 41: 885–891.
22. Liumbruno GM and Franchini M. Beyond

immunohaematology: the role of the ABO

blood group in human diseases. Blood

Transfus 2013; 11: 491–499.
23. Boudin L, Janivier F, Bylicki O, et al. ABO

blood groups are not associated with risk of

acquiring the SARS-CoV-2 infection in

young adults. Haematologica 2020; 105:

2841–2843.
24. Bullerdiek J, Reisinger E, Rommel B, et al.

ABO blood groups and the risk of

SARS‑CoV‑2 infection. Protoplasma 2022:

1–15 [Online ahead of print].
25. von Elm E, Altman DG, Egger M, et al.

The Strengthening the Reporting of

Observational Studies in Epidemiology

(STROBE) statement: guidelines for report-

ing observational studies. Ann Intern Med

2007; 147: 573–577.
26. Centers for Disease Control and Disease

Prevention. Management of Multidrug-

Resistant Organisms in Healthcare Settings

(2006), https://www.cdc.gov/infectioncon

trol/guidelines/mdro/ (2006, accessed 11

April 2022).
27. Minardi D, d’Anzeo G, Cantoro D, et al.

Urinary tract infections in women: etiology

and treatment options. Int J Gen Med 2011;
4: 333–343.

28. Ziegler T, Jacobsohn N and Fünfstück R.

Correlation between blood group phenotype

and virulence properties of Escherichia coli

in patients with chronic urinary tract infec-
tion. Int J Antimicrob Agents 2004; 24:

S70–S75.
29. Hooton TM. Recurrent urinary tract infec-

tion in women. Int J Antimicrob Agents

2001; 17: 259–268.
30. Haylen BT, Lee J, Husselbee S, et al.

Recurrent urinary tract infections in
women with symptoms of pelvic floor dys-

function. Int Urogynecol J Pelvic Floor

Dysfunct 2009; 20: 837–842.
31. Hawn TR, Scholes D, Li SS, et al. Toll-like

receptor polymorphisms and susceptibility
to urinary tract infections in adult women.

PLoS One 2009; 4: e5990.
32. Cotta MO, Roberts JA and Lipman J.

Antibiotic dose optimization in critically ill

patients. Med Intensiva 2015; 39: 563–572.
33. Rocha D, Silva A, Pereira A, et al. Urinary

tract infections and blood group: Do they

relate? International Invention Journal of

Medicine and Medical Sciences 2015; 2: 66–72.
34. Reilly JP, Anderson BJ, Mangalmurti NS,

et al. The ABO Histo-Blood Group and
AKI in Critically Ill Patients with Trauma

or Sepsis. Clin J Am Soc Nephrol 2015; 10:

1911–1920.
35. Sheinfeld J, Schaeffer A, Cordon-Cardo C,

et al. Association of the Lewis blood-group

phenotype with recurrent urinary tract infec-
tions in women. N Engl J Med 1989; 320:

773–777.
36. Lichodziejewska-Niemierko M, Topley N,

Smith C, et al. P1 blood group phenotype,

secretor status in patients with urinary tract
infections. Clin Nephrol 1995; 44: 376–379.

37. Anestee DJ. The relationship between blood

groups and disease. Blood 2010; 115:

4635–4643.
38. Kato K and Ishiwa A. The role of carbohy-

drates in infection strategies of enteric patho-
gens. Trop Med Health 2015; 43: 41–52.

39. Cooling L. Blood Groups in Infection and

Host Susceptibility. Clin Microbiol Rev 2015;

28: 801–870.

Al Sulaiman et al. 11

https://www.cdc.gov/infectioncontrol/guidelines/mdro/
https://www.cdc.gov/infectioncontrol/guidelines/mdro/


40. Biondi C, Cotorruelo C, Balague C, et al.
Association of the ‘secretor state’ with the
presence and recurrence of urinary infections
in pregnant women. Ann Clin Biochem 1999;
36: 391–392.

41. Stowell CP and Stowell SR. Biologic roles of
the ABH and Lewis histo-blood group

antigens Part I: infection and immunity.
Vox Sang 2019; 114: 426–442.

42. Yao R, Hou W, Shen T et al. The Impact of
Blood Type O on Major Outcomes in
Patients With Severe Burns. J Burn Care

Res 2020; 41: 1111–1117.

12 Journal of International Medical Research


	table-fn1-03000605221108082
	table-fn2-03000605221108082
	table-fn3-03000605221108082
	table-fn4-03000605221108082
	table-fn5-03000605221108082
	table-fn6-03000605221108082
	table-fn7-03000605221108082



