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Background: Infection surveillance and risk factor analysis are among the most important
prerequisites for the prevention and treatment of nosocomial bacteria infections, which are
the demands for both infected and non-infected patients.

Purpose: To explore the risk factors for nosocomial bacterial infection of patients with
COVID-19, and further to provide a theoretical basis for scientific prevention and control of
nosocomial bacterial infection.

Methods: Between 10 January 2020 and 9 March 2020, we collected data of 212 patients
with COVID-19 and then explored the influence of age, gender, length of stay, use of
ventilator, urinary catheterization, central venous catheterization, white blood cell (WBC)
count and procalcitonin on the nosocomial bacterial infection of patients with COVID-19 by
a retrospective study.

Results: There were 212 confirmed cases of COVID-19, of which 31 cases had nosocomial
bacterial infections, with an incidence of 14.62%. The most common types of nosocomial
bacterial infections were lower respiratory tract (12 cases, 38.71%), which was the most
frequent site, followed by urinary tract (10 cases, 32.26%), blood stream (7 cases, 22.58%),
upper respiratory tract (1 case, 3.23%) and gastrointestinal tract infection (1 case, 3.23%).
The incidence of nosocomial bacterial infection was significantly correlated with age,
arteriovenous catheterization, urinary catheterization, WBC count and procalcitonin.
Moreover, multivariate analysis confirmed that WBC (OR 8.38, 95% CI 1.07 to 65.55),
procalcitonin (OR 4.92, 95% CI 1.39 to 17.33) and urinary catheterization (OR 25.38, 95%
CI 5.09 to 126.53) were independent risk factors for the nosocomial bacterial infection of
patients with COVID-19.

Conclusion: Understanding the risk factors for nosocomial bacterial infection of patients with
COVID-19 and strengthening the monitoring of various susceptible factors are helpful to control
the occurrence of nosocomial bacterial infection in the COVID-19 isolation wards.
Keywords: COVID-19, nosocomial bacterial infection, risk factor

Introduction

Hospital acquired infections, commonly known as nosocomial infections, are defined as
medical related issues that are not associated with the patient’s original diagnosis on
admission into the hospital." Since late December 2019, an epidemic caused by novel
coronavirus (2019-nCoV) infection has occurred unexpectedly in Wuhan (the capital of
Hubei province), China.” The novel coronavirus pneumonia was named Coronavirus
Disease (COVID-19) on 11 February 2020 by the World Health Organization (WHO).? It
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turns out that COVID-19, caused by novel coronavirus
(SARS-CoV-2). is the fastest spreading, most extensive, and
most challenging public health emergency China has encoun-
tered since the foundation of the People’s Republic of China,”*
therefore 31 provinces and municipalities nationwide adopted
containment measures promptly, treating COVID-19 as
a Class A infectious disease and activating a Level One public
health emergency response in all localities. A large number of
transmissions, both in nosocomial and community settings,
occurred through human-to-human contact with individuals
showing no or mild symptoms of COVID-19.>¢ Nowadays,
COVID-19 is not only a matter in China, for it has become
a threat to the health of people worldwide. Thereby, SARS-
CoV-2 infection in the latent period of patients brings great
challenges to medical work. A growing number of recent
studies verified that the spread of various infectious diseases
can be decreased by reducing the risk of hospital infection and
exposure, thus reducing the risk of cross infection in
hospitals.”® Thus, infection surveillance and risk factor analy-
sis are among the most important prerequisites for the preven-
tion and treatment of nosocomial bacterial infection, which are
the demands for both infected and non-infected patients.
Herein, we aimed to explore the exposure of risk factors and
its impact on the incidence of nosocomial bacterial infection in
the patients through analyzing the surveillance data of those
with suspected and confirmed COVID-19 in a designated ter-
tiary hospital, which may contribute to the prevention and
control of nosocomial bacterial infection in patients with
COVID-19.

Methods
Setting

The study was conducted to analyze the risk factors for
nosocomial bacterial infection in a designated tertiary
hospital for cases of COVID-19 in Huangshi, China.
Prior to the study, written informed consent was obtained
from all individual participants and from parents/legal
guardians of children under the age of 18, and the study
protocol was consented to by the Medical Ethics
Committee of Huangshi Traditional Chinese Medicine
Hospital (HSZYPJ-2020-016-01) and complied with the
requirements of the Declaration of Helsinki.

Diagnostic Criteria

According to the diagnostic standard of nosocomial infection
formulated by the China’s Ministry of Health in 2001,° the
infected cases were confirmed by the infection preventionists

in those with urinary catheterization, arteriovenous intuba-
tion, endotracheal intubation, use of ventilator and other
treatment measures. Community acquired infection prior to
patient’s original diagnosis on admission into the hospital
were excluded.

Data Collection

From 10 January 2020 to 9 March 2020, detailed informa-
tion from the patients involved in the present study was
collected wusing the software of Zhejiang Xinglin
Company’s Hospital Infections Monitoring and Analysis
System. Age, gender, hospitalization time, use of ventila-
tor, arteriovenous intubation, urinary catheterization, white
blood cell (WBC) count, and procalcitonin prior to the
bacteremic episode were documented to analyse the risk
factors for nosocomial bacterial infection.

Statistical Analysis

All data were analyzed by the SPSS statistic software, version
20.0 (SPSS Inc., Chicago, IL, USA). The quantitative data
were described as mean + standard deviation, and an indepen-
dent #-test was performed to compare continuous variables
between two groups. The counting data were described by
percentages, and the chi square test or precise probability
method was used to compare the difference between groups.
Risk factors associated with nosocomial bacterial infections
among patients with COVID-19 were analyzed using bivariate
analysis. Factors with P-value <0.05 at bivariate analysis were
considered for multivariate analysis. Measures of effect were
reported using odds ratios (ORs) for both crude and adjusted
analysis, followed by 95% confidence interval (CI) and
P value. P < 0.05 was defined as statistically significant.

Results

Risk Factors for Nosocomial Bacterial

Infection of Patients with COVID-19

From 10 January 2020 to 9 March 2020, there were 212
confirmed patients with COVID-19, of which 108 were
males and 104 were females, ranging from 16 to 89 years
old with an average age of 53.1 £ 16.6 years. There were 31
patients confirmed by bacterial isolation, with the incidence of
14.62%. The most common types of nosocomial bacterial
infections were lower respiratory tract (12 cases, 38.71%),
which was the most frequent site, followed by urinary tract
(10 cases, 32.26%), blood stream (7 cases, 22.58%), upper
respiratory tract (1 case, 3.23%) and gastrointestinal tract
infection (1 case, 3.23%). Additionally, demographic, clinical
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intervention and serological equilibrium analysis of patients
with COVID-19 were compared between nosocomial bacter-
ial infection group and the control group. There were statisti-
cally significant differences of age, use of ventilator,
arteriovenous intubation, urinary catheterization, WBC count
and procalcitonin between the two groups (all P < 0.05)
(Table 1).

Multivariate Analysis of Binomial Logistic

Regression
As shown in Table 2, the binary logistic regression showed
that age, use of ventilator, arteriovenous intubation, urinary

Table | Characteristics of Patients with COVID-19 and Bivariate
Analysis of Risk Factors Associated with Nosocomial Infection [n (%)]

2

Characteristic Infection Control x! P value
Group Group Fisher’s
(N =31) (N =181)

Age (year)
<45 4(12.90) 61(33.70)
45~60 9(29.03) 61(33.70) 8.6353 0.0133
>60% 18(58.06) 59(32.60)

Gender
Male 19(61.29) 92(50.83) 1.1613 0.2812
Female 12(38.71) 89(49.17)

Hospitalization time

(days)
<10 5(16.13) 37(20.44)
10~20 14(45.16) 105(58.01) | 4.2678 0.1184
220 12(38.71) 39(21.55)

Use of ventilator

(Yes/No)
No 23(74.19) 170(93.92) | Fisher’s 0.0021
Yes 8(25.81) 11(6.08)

Arteriovenous

intubation (Yes/No)
No 24(77.42) 169(93.37) | Fisher’s 0.0103
Yes 7(22.58) 12(6.63)

Urinary catheterization

(Yes/No)
No 17(54.84) 172(95.03) | Fisher’s <0.0001
Yes 14(45.16) 9(4.97)

WBC (x10°/1)
<4.0 2(6.45) 54(29.83)
4.0~10.0 20(64.52) 111(61.33) 15.5214 | 0.0004
210.0 9(29.03) 16(8.84)

PCT (ng/mL)
<0.1 4(12.90) 77(42.54) 9.9791 0.0016
>0.1 27(87.10) 104(57.46)

Abbreviations: WBC, white blood cell; PCT, procalcitonin.

catheterization, WBC count and procalcitonin were the risk
factors for the nosocomial bacterial infection of patients
with COVID-19. Simultaneously, multiple logistic regres-
sion analysis revealed that urinary catheterization, WBC,
and procalcitonin are the independent risk factors for the
nosocomial bacterial infection of patients with COVID-19
after adjusting for the factors of age, use of ventilator and
venous catheterization. The nosocomial bacterial infection
rate in patients with urinary catheterization was 25.38 times
more than that in those without urinary catheterization
(95% CI 5.09 to 126.53). The nosocomial bacterial infec-
tion rate was 8.38 times for those with WBC (>10.0 x 10%/1
or<4.0x 10°/1) (95% CI 1.07 to 65.55) compared with those
with WBC (4.0~10.0) x 10%/1. In addition, the nosocomial
bacterial infection rate in patients with procalcitonin >0.1
ng/mL was 4.92 times more than that in those with procal-
citonin <0.1 ng/mL (95% CI 1.39 to 17.33) (Table 2).

Discussion

Nosocomial infections constitute one of the main causes of
morbidity and mortality in hospitalized patients with sig-
nificant rise in hospital costs,'® especially those with
COVID-19."" Up to now, accumulating literatures have
documented that the incidence of nosocomial infections
ranged from 3.6% to 12.0% in high-income countries and
5.7% to 19.1% in low- and middle-income countries.'* '
There were 212 confirmed cases of COVID-19 in the
current study, of which 31 cases had nosocomial bacterial
infection, with an incidence of 14.62%. The result was
similar to a report (12.5%) in a tertiary hospital in Beijing,
China.'"* In a similar data study, it has been recently
reported in a rapid review and meta-analysis of 40 studies
that the proportion of nosocomial bacterial infection in the
patients with COVID-19 was 44.0%
outbreak.'' There are many possible reasons contributing

in the early

to the different rate of nosocomial infection among hospi-
tals including various sample sizes, types of population,
hospital facilities and management level. Notably, at the
beginning of the COVID-19 epidemic in Wuhan, medical
resources were scarce, and various protective measures
and management of hospitals were not in place, resulting
in a high rate of nosocomial infections, especially the
SARS-CoV-2."" The age of the confirmed patients with
COVID-19 ranges from 16 to 89 years old with an average
age of 53.1 £ 16.6 years, most of them are old and have
a poor immune response to infection, which is similar to
a previous study that, among 1482 patients hospitalized
with COVID-19, 74.50% were aged >50 years, and
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Table 2 Multivariate Analysis of Risk Factors for Nosocomial Infection in Patients with COVID-19

Variable EV SE Wald »? P value OR (95% CI)
Age (45~60 years vs <45 years) 0.24 0.68 0.1299 0.7186 1.28(0.34-4.81)
Age (>60 years vs <45 years) 0.23 0.67 0.1187 0.7304 1.26(0.34-4.72)
Use of ventilator (Yes vs No) —0.04 0.87 0.0019 0.9657 0.96(0.17-5.32)
Arteriovenous intubation (Yes vs No) —1.41 1.04 1.8379 0.1752 0.24(0.03-1.88)
Urinary catheterization (Yes vs No) 323 0.82 15.5671 0.0001 25.38(5.09-126.53)
WABC ([4.0~10.0] x10°/I vs [4.0 x10°/1]) 1.8l 0.89 4.1640 0.0413 6.09(1.07-34.52)
WBC (210.0 x10°/1 vs 4.0 x10°/1) 2.13 1.05 4.1020 0.0428 8.38(1.07-65.55)
PCT (>0.1 ng/mL vs.<0.1 ng/mL) 1.59 0.64 6.1340 0.0133 4.92(1.39-17.33)

Abbreviations: EV, estimated value; SE, standard error; WBC, white blood cell; PCT, procalcitonin.

54.40% were male.'” Retrospective analysis of 212
patients with COVID-19 found that the main area of
nosocomial bacterial infection was the respiratory tract,
especially the lower respiratory tract, and its constituent
ratio was significantly higher than that of other parts,
which was consistent with the relevant research results,
both at home and abroad, that most of the infection cases
were concentrated in the ICU.'"®'® It is suggested that the
hospital should strengthen the targeted monitoring of key
departments and key parts, and adopt effective prevent and
control infection measures.

Bacteria are the most common pathogens responsible
for nosocomial infections. A series of studies indicated
that surgery, device utilization, antimicrobial use and
length of stay were the risk factors for nosocomial
infection.'” ! Studying the risk factors in the patients
with COVID-19, bivariate analysis showed that there
were six factors associated with nosocomial bacteria infec-
tion, including age, arteriovenous catheterization, urinary
catheterization, use of ventilator, WBC and procalcitonin.
During the hospitalization of elderly patients, many factors
can interact and lead to the occurrence of nosocomial
infection,?* for most of the old hospitalized patients under-
lying chronic basic diseases make them a high-risk popu-
lation, becoming prone to nosocomial bacteria infection.”
Thereby, the elderly should be taken as the key object of
nosocomial infection prevention and control.

Patients with nosocomial bacteria infections suffered
a prolonged stay, during which they occupied scarce bed-
days and required additional diagnostic and therapeutic
interventions.** In our current study, the total hospitaliza-
tion time (>20 days) for the patients with nosocomial
bacteria infection was longer than those without, whereas
that (<10 days or 10~20 days) for the patients with noso-

comial bacteria infection was shorter than those without,

but there was no statistically significant difference between
the two groups. The reason may be related to the smaller
sample sizes and longer hospitalization time for the new
confirmed cases of COVID-19.

Invasive diagnosis and treatment not only lead the
outside microorganisms into the body, but also damage
the body’s natural defense barrier, subsequently making
it easy for pathogens to invade the body. Accumulating
results verified that the use of ventilator and arteriovenous
catheterization was associated with an invasive medical
device or invasive procedure, which are independent risk
factors for nosocomial bacteria infection.”** The results
of this study showed that the probability of nosocomial
bacteria infection increased in patients using a ventilator.
Intravenous catheterization can lead to colonization as
well as a broad spectrum of infections ranging from cathe-
ter site infections to catheter-related blood stream
infections.”® Our present study demonstrated the propor-
tion of bloodstream infections (22.58%) was much higher
than the average for China (2.65%),>” which might be
related to the hospital’s new policy encouraging blood
cultures to enhance the detection rate of the microbiology
test. Considering the increasing rates of nosocomial bac-
teria infection it is urgent to develop guidelines for the
sterilization and disinfection of invasive devices and med-
ical instruments used for surgeries.?®

Previous studies indicated that surgery, device utiliza-
tion, antimicrobial use and length of stay were the risk
factors for nosocomial bacteria infection.'**! Following
the bivariate analysis, factors with P-value <0.05 at bivari-
ate analysis were considered for multivariate analysis.
After adjustment for age, use of ventilator and arteriove-
nous intubation, the logistics regression model with multi-
ple factors showed that urinary catheterization, WBC
count and procalcitonin could be considered as
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independent factors for nosocomial bacteria infection in
the patients with COVID-19.

The strength of association between exposure and dis-
ease is quantified by the odds ratio in case control studies
(or the relative risk for cohort studies), with a 95% con-
fidence interval. Indwelling urinary catheters were placed in
up to 25.00% of hospitalized patients and prolonged cathe-
terization is the most important risk factor for the hospital-
acquired urinary tract infection,”” accounting for 26.90% of
nosocomial bacteria infection during that period of neuro-
logical ICU.*® In our present study, the nosocomial bacteria
infection rate in patients with urinary catheterization was
25.38 times more than that in those without urinary cathe-
terization (95% CI 5.09 to 126.53). Apart from the discon-
nection of the catheter and the urine-collection system, and
the microbial contamination arising from insertion of the
catheter through the two extraluminal and the intraluminal
routes.>'*? Thereby, standardized interventions for the
patients with COVID-19 is required to effectively prevent
catheter-related urinary tract infection, thereby reducing the
incidence of hospital-acquired bacteria infections.

Traditionally, WBC is an index for clinical monitoring
of infection, which can directly resist the invasion of
pathogenic microorganisms in the body. Of note, the
nosocomial bacteria infection rate was 8.38 times for
those with WBC (>10.0 x 10%1 or <4.0 x 10°/1)
compared with those with WBC [(4.0~10.0) x 10%/1]
(95% CI 1.07 to 65.55). However, the specificity of
WBC in the diagnosis of infection is low due to its
vulnerability to age, gender, stress, physiology, immune
status and other factors, so it should be considered com-
prehensively in the diagnosis of nosocomial infection.
More importantly, procalcitonin has been extensively
investigated in differentiation between bacterial infection
and systematic inflammatory response syndrome of non-
infectious origin,* and it was recognized as an important
indicator of bacterial infection owing to its clear correla-
tion with positive blood culture.***> The nosocomial bac-
teria infection rate in patients with procalcitonin >0.1 ng/
mL was 4.92 times more than that in those with procalci-
tonin <0.1 ng/mL (95% CI 1.39 to 17.33). However, it is
worth noting that procalcitonin was helpful in recognizing
Gram-negative bloodstream infections, and the results
should be carefully interpreted with the full knowledge
of the patients’ medical condition.

Apart from the self-defense capability of hospitalized
patients themselves, the iatrogenic factors, including the
application of hormones, cytotoxic drugs and radiation

therapy as well as the abuse of antibacterial drugs, are
prone to the development of nosocomial bacteria infec-
tions. Account for the considerable uncertainty brought by
COVID-19, for which there is no specific drug treatment
available at that time, only with individualized treatment.
As a matter of fact, it was difficult to collect and classify
the data of personalized treatment. Of note, some other
risks, including pre-existing diseases, use of oxygen ther-
apy from admission, and hemodialysis, may also enable
nosocomial infection development, which should be
a limitation of the present study. Nevertheless, develop-
ment of a surveillance process to monitor this rate is an
essential first step to identify local problems and priorities,
and evaluate the effectiveness of bacteria infection control
activity. Considering the diversity and complexity of risk
factors for nosocomial bacteria infection in patients with
COVID-19, medical staff should strengthen the personnel
training, strictly manage the implementation of aseptic
technology, reduce the invasive operation, and reasonably
use antibiotics. Simultaneously, hospitals should pay spe-
cial attention to the systematic monitoring and controlling
of the risk factors of high-risk departments, especially for
elderly patients with risk factors.

Conclusion

Understanding the risk factors for nosocomial bacteria
infection in patients with COVID-19 and strengthening
the monitoring of various susceptibility factors are helpful
to control the occurrence of nosocomial bacteria infection
in COVID-19 isolation wards.
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