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Analysis of Risk Factors Associated with
Candidemia Among Patients with or without
COVID-19 in Intensive Care Units During the
Pandemic Process: A Multicenter Study
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ABSTRACT

Introduction: The objective of this study was to compare the risk factors and mortality rates of candidemia among patients with and
without COVID-19 in the intensive care units (ICU).

Materials and Methods: This study is a retrospective multicenter observational study, in ICUs of 12 hospitals (eight tertiary and four
secondary hospitals) in Tiirkiye. All adult patients (>18 years) hospitalized in ICUs and developed candidemia between 01.01.2020-
31.12.2021 were included. The following data were collected: age, gender, nasopharyngeal swab SARS-CoV-2 PCR test, species of
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Candida (Candida albicans or non-albicans Candida), comorbidities, ICU stay, antibiotic use, corticosteroid, and anti-cytokine therapy,
central venous catheter (CVC), abdominal surgery, parenteral nutrition, mechanical ventilation (MV), other cultures isolated Candida
spp., echocardiography (ECO), mortality. Data from patients with or without COVID-19 were compared.

Results: A total of 188 patients, 66 COVID-19 and 122 non-COVID-19, were included in the study. The median age of the patients
was 69.5 and there were no differences between the groups. 185 (98.4%) patients had a history of antibiotic use. Sixteen patients,
all from the COVID-19 group, had a history of anti-cytokine therapy. Corticosteroid use was higher in COVID-19 patients (p< 0.001).
Intraabdominal surgery was higher in the non-COVID-19 group (p< 0.014). C. albicans was isolated from 36.7% of total patients
and the remaining were non-albicans Candida species. The overall mortality was higher in COVID-19 patients (p= 0.014). Alzheimer’s
and malignancies were higher in non-COVID-19 patients. Intraabdominal surgery, MV, and CVC were higher in tertiary care hospitals
whereas parenteral nutrition was higher in secondary care hospitals.

Conclusion: Immunosuppressive treatments administered to COVID-19 patients pose a risk in terms of candidemia. Risk factors may
differ between secondary and tertiary care hospitals. Preventable risk factors should be determined on a hospital basis and appropriate
infection control measures should be taken.
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Giris: Bu calismanin amaci, yo§un bakim (nitelerinde (YBU) COVID-19 olan ve olmayan hastalarda kandidemi risk faktérlerini ve
6liim oranlarini arastirmaktir.

Materyal ve Metod: Calisma Tiirkiye'de sekizi tictincti basamak dérdti ikinci basamak olmak tizere 12 merkezde yiirtitiilen cok merkezli
retrospektif gézlemsel bir calismadir. 01.01.2020 ve 31.12.2021 tarihleri arasinda 18 yas ve lizeri yogun bakimda takip edilen ve
kandidemi gelisen tiim hastalar calismaya dahil edildi. Hastalarin yas, cinsiyet, nazofarengeal SARS-CoV-2 PCR sonuclari, (lireyen
kandida tiirti (Candida albicans veya non-albicans Candida olarak), komorbiditeleri, YBU yatis stiresi, antibiyotik kullanimi, kortikosteroid
ve anti-sitokin tedavi, santral venéz kateter (SVK), abdominal cerrahi, parenteral beslenme, mekanik ventilasyon (MV), kandida tireyen
diger kiiltiirler, ekokardiografi (EKO) ve mortalite bilgileri kaydedildi. Veriler COVID-19 olan ve olmayan hastalar arasinda karsilastirildi.

Bulgular: Calismaya 66 COVID-19 ve 122 COVID-19 disi olmak tizere toplam 188 hasta dahil edildi. Hastalarin ortanca yasi 69.5 olup
gruplar arasinda fark bulunmadi. Tiim hastalarin 185'inde (%98.4) antibiyotik kullanim éykdisii vardi. Tamami COVID-19 grubunda
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yer alan 16 hastanin anti-sitokin tedavi éykiisii vardi. COVID-19 hastalarinda kortikosteroid kullanimi daha yiiksek iken (p< 0.007)
COVID-19 olmayan grupta karin ici cerrahi daha yiiksek saptandi (p< 0.014). Tiim suslarin %36.7'si C. albicans iken, geriye kalanlar
non-albicans Candida tiirleriydi. Genel mortalite, COVID-19 hastalarinda daha yiiksek bulundu (p= 0.014). Alzheimer ve malignite,
COVID-19 olmayan hastalarda daha yiiksekti. Ugiincii basamak hastanelerde intraabdominal cerrahi, MV ve SVK daha yiiksek iken,
ikinci basamak hastanelerde parenteral beslenme anlamli oranda yiiksek saptand.

Sonug: COVID-19 hastalarinda uygulanan immiinstipresif tedaviler kandidemi agisindan risk olusturmaktadir. Risk faktorleri ikinci ve
liciincii basamak hastaneler arasinda farklilik gésterebilir. Onlenebilir risk faktérleri hastane bazinda belirlenmeli ve uygun infeksiyon

kontrol énlemleri alinmalidir.

Anahtar Kelimeler: Kandidemi; COVID-19; Risk faktérleri; Yogun bakim tinitesi

INTRODUCTION

Coronavirus disease-19 (COVID-19) pandemic
has negatively affected healthcare in a
variety of different aspects such as delayed
diagnosis of major diseases including cancers,
coronary heart disease, cessation in disease
control and immunizations programs, and non-
compliance with infection control and prevention
measures!! 3. The collateral effects of COVID-19
have received much attention towards the end
of the pandemic. Secondary bacterial and fungal
infections in COVID-19 patients are one of
the most concerning issues about the collateral
effects of COVID-19 on patient care!®. Earlier
studies suggest that the COVID-19 pandemic
is associated with an increased rate of health-

care associated infections (HAls), especially
central line-associated  bloodstream infections
(CLABSI)[5’6]. The increased workload of

healthcare workers during the pandemic and
shortage in supply of personal protective
equipment may have contributed to increased risk
of CLABSI by leading to disruptions in basic
infection control measures such as hand hygiene.
Multidrug-resistant organisms (MDRO) outbreaks
attributed to inappropriate hand hygiene have
been reported during the pandemic[7’8].

In addition to bacterial infections, an increase
in incidence and mortality of candidemia has also
been reported after the COVID-19 pandemic[g'lzl,
which could be related to anti-cytokine and corti-
costeroid therapies, disruption of mucosal barrier
caused by COVID-19, immunosuppression, and
lapses in infection prevention practices[w’ll].

Previous studies have focused on the incidence
and characteristics of candidemia patients with

COVID-19 compared to historical non-COVID-19
patients1912]. Few researchers have addressed
the characteristics of candidemia among patients
with or without COVID-19 followed up for the
same period.

This study aimed to compare the risk factors
and mortality rates of candidemia among patients
with and without COVID-19 at the intensive care
units (ICU).

MATERIALS and METHODS

This study is a retrospective cross-sectional
multicenter  observational study, in ICUs of

12 hospitals, constituted of eight tertiary care
hospitals and four secondary care hospitals in

Turkive; Kartal Kosuyolu High Specialization
Training and Research Hospital, Dicle University
Hospital, Ankara University Hospital, Ankara
Training and Research Hospital, Batman

Training and Research Hospital, Ko¢ University
Hospital, Istanbul University Hospital, Pamukkale
University Hospital, Fatsa State Hospital, Ordu
State Hospital, Kiziltepe State Hospital, Agn
Dogubeyazit Dr. Yasar Eryilmaz State Hospital.

Patients

All adult patients (>18 years old) hospitalized
in the ICUs of the participating centers and
who developed candidemia from 01.01.2020 to
31.12.2021 were included in the study. All in-
cluded candidemia patients were divided into two
groups as COVID-19 group and non-COVID-19
group. Data of patients with and without
COVID-19 diagnosis confirmed by a positive
SARS-CoV-2 PCR test were compared. Patients
who developed a positive test for COVID-19
during intensive care unit follow-up were included
in the COVID-19 group.

458|
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Candidemia was defined as the isolation of
Candida spp. from at least one bottle of blood
cultures of the patients.

The following clinical data were collected: age,
gender, nasopharyngeal swab SARS-CoV-2 poly-
merase chain reaction (PCR) test result, species
of the Candida (Candida albicans or non-albi-
cans Candida), comorbidities, ICU length of stay,
antibiotic use, corticosteroid therapy, anti-cyto-
kine therapy, presence of central venous catheter
(CVCQ), recent abdominal surgery, parenteral nu-
trition, need for mechanical ventilation, sustained
candidemia (defined as the isolation of the same
Candida species from blood cultures for >48
hours), cultures of the other sides isolated Candi-
da spp., echocardiography (ECO), mortality. Spe-
cies of Candida were identified with automated
identification systems of different hospitals.

To determine the differences between tertiary
and secondary hospitals, a comparison was per-
formed between centers.

Statistical Analysis

Statistical analysis was performed with SPSS
(v26.0). The distribution of the data was checked
by wvisual (histogram) and analytical methods
(Kolmogorov-Smirnov), and it was observed that
the analyzed data were distributed non-paramet-
rically. In the presentation of demographic data,
numbers (n), percent (%), and median (mini-
mum-maximum-25. percentile-75. percentile) val-
ues are presented. Pearson Chi-square test and
Fisher’'s Exact test were used in the statistical
analysis of categorical data and also, the unad-
justed odds ratio was calculated for statistically
significant test results. Mann-Whitney U test was
used to compare the numerical data of the two
groups. A p value of <0.05 was considered sig-
nificant for all tests.

The Ethics Committee of Ordu University ap-
proved the study on 14.10.2022, with decision
number 221.

RESULTS

A total of 188 patients, 66 of whom were
COVID-19 and 122 non-COVID-19, were
included in the study. The median age of the
patients was 69.5 (19-80) and no difference was
found between the two groups (p= 0.067). 47%

of the patients were female and 53% were male.
A comparison of the characteristics of patients
with candidemia among COVID-19 and non-
COVID-19 patients is listed in Table 1.

185 (98.4%) of all patients had a history of
antibiotic use. A total of 16 patients, all of them
in the COVID-19 group, had a history of an-
ti-cytokine therapy. It was observed that the over-
all mortality was higher in COVID-19 patients
(p= 0.014). ECO was performed in 28.7% of
COVID-19 patients and 62.2% of non-COVID-19
patients. Endocarditis was detected in only four
of them. All patients with endocarditis were non-
COVID-19 patients.

Candida albicans (C. albicans) was isolated
from %36.7 of total patients and the remain-
ing were non-albicans Candida species. There
was no difference between COVID-19 and non-
COVID-19 patients in terms of C. albicans and
non-albicans Candida growth (p= 0.63).

Table 2 presents the differences
among Candida species isolated from patients. It
was found that C. albicans was significantly more
prevalent in secondary care hospitals, whereas
non-albicans Candida showed higher prevalence
in tertiary care hospitals (p= 0.004).

observed

Chronic diseases of the patients are listed
in Table 3. Alzheimer’s and malignancies were
statistically higher in non-COVID-19 patients than
in COVID-19 patients.

The differences between the second and ter-
tiary care hospitals are given in Table 4. In-
traabdominal surgery, mechanical ventilation, and
central venous catheter were higher in tertiary
care hospitals whereas parenteral nutrition was
higher in secondary care hospitals.

DISCUSSION

A higher rate of mortality in patients with
secondary infections than the overall mortality
of COVID-19 patients has been reported[13]. In
addition to the damage caused by primary organ
involvement due to COVID-19, the disease has
increased many crucial risk factors for healthcare-
associated infections such as immunosuppressive
treatments applied for its treatment, inappropriate
antibiotic use, long duration of service, and
intensive care hospitalizations.

FLORA 2023;28(3):456-465
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Table 1. Comparison of the characteristics of COVID-19 and non-COVID-19 patients with candidemia

Unadjusted
COVID-19 patients Non-COVID-19 p value Odd'’s Ratio
(median, min-max)?
(25.-75. percentile)b
72.5 (20-90)2 66 (19-74)2
Age (n= 188) (58.75-79.25)P (56-77)P 0.067* -
(n= 66) (n=122)
(I?]iritg%r; of hospitalization (days) L (15(10 Z;))Z 14(‘(‘(_)2158 » 0.530* )
(n=65) (n=122)
E;‘:):rtigc;))steroid use duration (days) 12)6-(11 ;gt?) 6(.25-1(3.-;)%) 0.044* -
(n=63) (n= 28)
n (%°)
Female (n= 188) 32 (48.5) 57 (46.7) 0.817** -
Antibiotic usage (n= 188) 64 (97.0) 121 (99.2) 0.248** -
Additional microbial growth (n= 188) 43 (65.2) 87 (71.3) 0.383** -
Corticosteroid use (n= 188) 63 (95.5)d 27 (22.1) <0.001** (21.43&2?2,950)
(Er:207c1a)rdiography infection findings 0 (0.0) 4(7.7) Can;lcjntte;om- )
Mechanical ventilation (n= 188) 57 (86.4) 94 (77.0) 0.125** -
Intraabdominal surgery (n= 188) 3(12.5) 21 (38.4) 0.014** (1.2531'?14;151)
Parenteral nutrition (n= 188) 39 (59.1) 74 (60.7) 0.834** -
Central venous catheter (n= 188) 57 (86.4) 108 (88.5) 0.666** -
Candida (n= 188)
Candida albicans 25 (37.9) 44 (36.1)
Non-albicans Candida 34 (51.5) 70 (57.4) 0.553** -
Other Candida spp. 7 (10.6) 8 (6.6)
Candida (n= 188)
Candida albicans 25 (37.9) 44 (36.1)
Cal:l]g?d-zlblcans Candida + Other 41 (62.1) 78 (63.9) 0.806 -
Other culture (n= 188) 43 (6.2) 87 (71.3) 0.383** -
Sustained candidemia (n= 188) 83 (68.0) 51 (77.3) 0.181** -
Mortality (n= 188) 54 (81.8)4 79 (64.8) 0.014** 2.449

(1.183-5.070)

a: (median, min-max), b: (25.-75. percentile), c: Row percentage, d: Reference category for Unadjusted odds ratio
*Mann-Whitney U test was applied, **Pearson’s Chi-square test was applied.
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Table 2. Comparison of variables of patients infected with C. albicans and non-albicans Candida species

Non-
Candia albicans Unadjusted Odds
albicans Candida p value Ratio
(median, min-max)?
(25.-75. percentile)b
719§;a9' 67 (20-93)2
Age (n= 188) b (54.25-77)° 0.300* =
(23 (n=104)
(n=69) B
14 (1-63)? 13.5
. T B (5.25- (0-120)? .
Duration of hospitalization (days) (n= 188) 24.75)b (4_23.25)b 0.694 -
(n= 68) (n=104)
10 (1-40) 10 (0-60)
Corticosteroid use duration (days) (n=91) (5-1 2)b (4.25-1 6)b 0.588* -
(n=31) (n=52)
n (%)
Anti-cytokine therapy (n=173) 4 (5.8) 11 (10.6) 0.274** -
- _ d - 1.903
Parenteral nutrition (n=173) 47 (68.1) 55 (52.9) 0.046 (1.008-3.595)
Central venous catheter (n=173) 57 (82.6) 94 (90.4) 0.133** -
Mechanical ventilator 54 (78.3) 88 (84.6) 0.286** -
Tertiary care hospital (n=173) 48 (69.6) 91 (87.5)¢ 0.004** ELLE)
Y pital (n= : : : (1.411-6.648)
Female (n= 173) 28 (40.6) 51 (49.0) 0.274** -
Antibiotic usage (n=173) 69 (100) 102 (98.1) Cannot computed -
Steroid usage (n=173) 31 (44.9) 51 (49.0) 0.596** -
Hypertension (n= 173) 36 (52.2) 48 (46.2) 0.438** -
Diabetes mellitus (n= 173) 24 (34.8) 32 (30.8) 0.581** -
Coronary artery disease (n=173) 24 (34.8) 44 (42.3) 0.321** -
Chronic obstructive pulmonary disease (n=173) 10 (14.7) 21 (20.2) 0.360** -
Congestive heart failure (n=173) 11 (15.9) 13 (12.5) 0.5271** -
Malignancy (n= 173) 18 (26.1) 23 (22.1) 0.547** -
Cerebrovascular disease (n= 173) 10 (14.5) 17 (16.3) 0.742** -
Alzheimer’s (n= 173) 7 (10.1) 7 (6.7) 0.420** -
Chronic kidney disease (n=173) 9 (13.0) 20 (19.2) 0.286** -
Other (n=173) 13 (18.8) 24 (23.1) 0.506** -

a: (median, min-max), b: (25.-75. percentile), c: Row percentage, d: Reference category for Unadjusted odds ratio, *Mann-Whitney U

test was applied, **Pearson’s Chi-square test was applied.

In our study, anti-cytokine therapy and corti-
costeroid use were higher in COViD-19 patients
whereas intraabdominal surgery was higher in
the non-COVID-19 group. Studies investigating
the risk factors for candidemia in COVID-19
patients compared to non-COVID-19 patients
have found different risk factors. Seagle et

al.l14l reported corticosteroid, mechanical ven-
tilation, and central venous catheter use were
higher in COVID-19 patients than in non-
COVID-19 controls, and mortality was found
to be higher in the COVID-19 patient group.
Chronic liver disease, solid-organ malignancies,
gastrointestinal disease, and hepatitis C infection

FLORA 2023;28(3):456-465
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Table 3. Chronic diseases of the patients compared with COVID-19 disease

COVID-19 Non-COVID-19

Unadjusted Odds

patients patients Ratio (Confidence

Chronic disease (n= 66) (n=122) p value Interval)
n (%?)

Hypertension (n= 188) 38 (57.6) 54 (44.3) 0.081* -
Diabetes mellitus (n= 188) 25 (37.9) 37 (30.3) 0.293* -
Coronary artery disease (n= 188) 22 (33.3) 50 (40.1) 0.303* -
Chronic obstructive pulmonary disease (n=187) 14 (21.5) 20 (16.5) 0.385* -
Congestive heart failure (n= 188) 8 (12.1) 17 (13.9) 0.727* -
Malignancy (n= 188) 9 (13.6) 32 (26.2b) 0.046* 2.252 (1.001-5.065)
Cerebrovascular disease (n= 188) 8(12.1) 24 (19.6) 0.189* -
Alzheimer’s (n= 188) 2(3.3) 14 (11.5) 0.056** -
Chronic kidney disease (n= 188) 11 (16.7) 20 (16.4) 0.962* -
Other (n=188) 9 (13.6) 31 (25.4) 0.060* -

4; Column percentage, b: Reference category for unadjusted odds ratio, *Pearson’s Chi-squared test was applied, **Fisher’s Exact

test was applied.

were less common among those with COVID-19
compared with those without in this study. In
the study by Mastrangelo et al.l1® immuno-
suppressive therapy was found to be higher in
the COVID-19 group, and malignancies were
detected more frequently in the non-COVID-19
group, similar to our study. Kayaaslan et al.[12]
reported COVID-19 cases had a higher rate of
corticosteroid use and risk factors for candidemia
were similar among candidemia cases with and
without COVID-19, except for gastrointestinal
instrumentation or surgery, which was higher in
non-COVID-19 patients. Our findings in terms
of risk factors were found to be similar to other
studies.

C. albicans accounted for 36.7% of all isolates
and there was no difference between COVID-19
and non-COVID-19 patients in terms of Candida
type in our study. C. albicans was shown to be
the most prevalent species in candidemia patients
with COVID-19 in most studies!12:16], However,
many C. auris outbreaks have been reported
during the pandemic period[17’19]. In the reviews
and meta-analyses, researchers showed that the
rate of C. auris infections did not increase during
the pandemic and emphasized that there may
be regional differences?%-2l In our study, we
found that non-albicans Candida species were
more common in tertiary hospitals. The literature

shows that prior gastrointestinal surgery is asso-
ciated with non-albicans candidemial®223l. The
high rate of gastrointestinal surgery in tertiary
hospitals may have caused this difference in
Candida species in our study.

One of the reasons for the differences be-
tween studies investigating candidemia risk factors
among COVID-19 patients may be inter-hospi-
tal practices and differences. As supporting this
claim, in our study in which the secondary
care and tertiary care hospitals were included,
differences were found in terms of risk factors
between the centers. Intraabdominal surgery, me-
chanical ventilation, and CVC were higher in
tertiary care hospitals whereas parenteral nutri-
tion was higher in secondary care hospitals. We
are of the opinion that the significant differ-
ence in species of Candida between secondary
and tertiary centers as albicans and non-albicans
Candida is due to the difference in risk factors
between centers. The need for close monitoring
of critically ill patients who undergo intra-ab-
dominal surgery, require mechanical ventilation,
and have catheters in place within tertiary hos-
pitals may contribute to inter-hospital variations.
Similar differences can also be seen between
tertiary hospitals, depending on the practices
applied in advanced specialized hospitals. This
highlights the importance of individual hospitals
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Table 4. Comparison of variables among secondary and tertiary care hospitals

Unadjusted Odds

Secondary care Tertiary care Ratio (Confidence
hospital hospital p value Interval)
76 (26-99)? 67 (19-93)2

Age (n= 188) (66-84)° (53.5-76)° <0.001* =

(n=47) (n=141)
?nu:r:ztg%r; of hospitalization (days) 14(9(_23_3;11,) ’ 1(2_(202--1725(;5 0.068* i

(n=47) (n=140)
(Cno:rti9c10)steroid use duration (days) 9( 6(21;)%) (15(_)1(40._7650){, 0.898* )

(n=23) (n= 68)

n (%)

Female (n= 188) 23 (49.9) 66 (46.8) 0.800** -
COVID-19 (n= 188) 20 (42.6) 46 (32.6) 0.217** -
?:Zrﬁas“g 36 (76.6) 97 (68.8) 0.309** -
Antibiotic usage (n= 188) 46 (97.9) 139 (98.6) 0.737** -
?gg;“"”a' silfeieiblel grenin (= 38 (80.9)¢ 92 (65.2) 0.045%* 2.247 (1.005-5.025)
Corticosteroid use (n= 188) 23 (48.9) 67 (47.5) 0.866** -
ilincgsogsid;g)raphy infection find- 0 (0) 4(6.5) e )
Intraabdominal surgery (n= 188) 2 (4.3) 22 (1 5.6)d 0.045*** -
Mechanical ventilation (n= 188) 32 (68.1) 119 (84.4)4 0.014** 2.538 (1.182-5.434)
Central venous catheter (n= 188) 33 (70.2) 132 (93.6)d <0.001** 6.211 (1.221-15.625)
Parenteral nutrition (n= 188) 39 (83.0)"I 74 (52.5) <0.007** 4.414 (1.926-10.116)
Hypertension (n= 188) 27 (54.4) 65 (46.1) 0.178** -
Diabetes mellitus (n= 188) 17 (36.2) 45 (31.9) 0.591** -
Coronary artery disease (n= 188) 19 (40.4) 53 (37.6) 0.729** -
gi';;‘;g‘éc(;’gsigjg)t"’e pulline ey 10 21.3) 24 (17.1) 0.525% -
Congestive heart failure (n= 188) 6 (12.8) 19 (13.5) 0.901** -
Malignancy (n= 188) 6 (12.8) 35 (24.8) 0.83** -
Cerebrovascular disease (n= 188) 12 (25.5) 20 (14.2) 0.73** -
Alzheimer’s (n= 188) 8 (17.0)9 8 (5.7) 0.03*** 3.412 (1.201-9.708)
Chronic kidney disease (n= 188) 5 (10.6) 26 (18.4) 0.212** -
Other (n= 188) 8 (17.0) 32 (22.7) 0.410** -

a: (median, min-max), b: (25.-75. percentile), c: Row percentage, d: Reference category for unadjusted odds ratio, *Mann-Whitney
U test was applied, **Pearson’s Chi-square test was applied.
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conducting risk factor evaluations based on their
specific conditions. It also emphasizes the need
for tailored treatment strategies targeting Candida
species associated with the identified risk factors
within each hospital.

Our findings support an increased mortality
in candidemia patients with COVID-19 like the
other studies!!?16l. Defining the exact cause of
this increased mortality in candidemia patients
with COVID-19 is difficult as it is entangled with
the primary damage of coronavirus and the risk
factors that precipitate candidemia.

An important limitation of our study is that
we could not present non-albicans Candida sub-
types because non-albicans Candida typing could
not be performed in every center.

As a result, we are facing the problem of in-
creased candidemia and mortality with COVID-19.
This increased risk was thought to be due to
immunosuppressive treatments in conjunction with
the COVID-19 effect, as demonstrated by other
studies and our study. As in the past and pres-
ent, the utilization of immunosuppressive ther-
apies in the treatment of viral pneumonia, as
well as the potential future emergence of viral
pathogens, may frequently lead to a heightened
challenge of candidemia. Treatment strategies for
these patients should be carefully planned, taking
into account the benefits and risks associated
with immunosuppressive therapies. It is crucial
to identify preventable risk factors specific to
each hospital and implement appropriate infec-
tion control measures to mitigate the occurrence
of infections.
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