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Abstract

Background: Although efforts to manage coronavirus disease 2019 (COVID-19) pandemic have understandably taken
immediate priority, the impacts on traditional healthcare-associated infection (HAI) surveillance and prevention efforts remain
concerning.

Aim: To describe trends in HAIs in a Tunisian university hospital through repeated point prevalence surveys over 9 years,
assess the impact of measures implemented for COVID-19 pandemic, and to identify associated factors of HAI.

Methods: The current study focused on data collected from annual point prevalence surveys conducted from 2012 to 2020. All
types of HAIs as defined by the Centers for Disease Control and Prevention (CDC) were included. Data collection was carried
out using NosoTun plug. Univariate and multivariate logistic analysis were used to identify HAI risk factors.

Results:Overall, 2729 patients were observed in the 9 surveys; the mean age was 48.3 ± 23.3 years and 57.5% were male. We
identified 267 infected patients (9.8%) and 296 HAIs (10.8%). Pneumonia/lower respiratory tract infections were the most
frequent HAI (24%), followed by urinary tract infection (20.9%).The prevalence of infected patients increased from 10.6% in
2012 to 14.9% in 2020. However, this increase was not statistically significant. The prevalence of HAIs increased significantly
from 12.3% to 15.5% (P =.003). The only decrease involved is bloodstream infections (from 2% to 1%). Independent risk factors
significantly associated with HAI were undergoing surgical intervention (aOR = 1.7), the use of antibiotic treatment in previous
6 months (aOR = 1.8), peripheral line (aOR=2), parenteral nutrition (aOR=2.4), urinary tract within 7 days (aOR=2.4), central
line (aOR = 6.3), and prosthesis (aOR = 12.8), length of stay (aOR = 3), and the year of the survey. Young age was found as
protective factor (aOR = .98).

Conclusion: Contrary to what was expected, we noticed an increase in the HAIs rates despite the preventive measures put in
place to control the COVID-19 pandemic. This was partly explained by the vulnerability of hospitalized patients during this
period.

Keywords
COVID-19 outbreak, healthcare-associated infection, trend, surveillance, prevalence, infection control

1Department of Prevention and Security of Care, Sahloul University Hospital, Sousse, Tunisia
2University of Sousse, Faculty of Medicine of Sousse, Sousse, Tunisia
3Research Laboratory Emerging Bacterial Resistance in Hospitals Veterinarians and the Environment and Security of Care, Sahloul University Hospital

Corresponding Author:
Hela ghali, University of Sousse, Faculty of Medicine of Sousse, Sahloul University Hospital, 4054, Sousse, Tunisia.
Email: hela.ghali@outlook.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and

Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/00469580211067930
https://journals.sagepub.com/home/inq
https://orcid.org/0000-0001-5330-9069
mailto:hela.ghali@outlook.com
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage


Introduction

The full impact of the COVID-19 pandemic on health sys-
tems and traditional healthcare-associated infections (HAIs)
remains to be determined. Significant infection prevention
resource diversion is occurring to help manage the outbreak at
the health-system level, which will predictably impact HAI
surveillance and prevention efforts.1,2

Implementation of infection control protocols during the
COVID-19 pandemic seems to reduce HAIs rates according
to a study conducted in Iran.3 In fact, proper training and
observance of infection control protocols during an epidemic
of infectious diseases such as COVID-19 will reduce the rate
of nosocomial infections, what was also observed in the study
carried out in the United States.2

Furthermore, essential elements that contributed to the
sustained decrease in the incidence of HAIs world while were
the national surveillance programs combined with improve-
ment in infection prevention and control (IPC) practices.4-6

In developing countries, HAIs prevalence is two- to
threefold higher than Europe or USA.7,8 In a research on 2688
patients, the infection rate was estimated 40.06%.9 A mul-
ticenter study was conducted in 27 hospitals in Algeria,
Egypt, Italy, Morocco, and Tunisia to evaluate the prevalence
and characteristics of HAIs. The prevalence of HAIs was
10.5%; this was higher in non-teaching centers and moderate-
sized hospitals.10 Furthermore, the magnitude of the problem
remains underestimated or even unknown largely because
HAI diagnosis is complex and surveillance activities to guide
interventions require expertise and resources.11,12

There is a need to determine the extent, subtypes, and
trends in HAI over time so that practitioners and policy
decision makers can identify priorities for preventive ac-
tion.13 Point Prevalence Surveys (PPS), despite their inherent
limitations in terms of accuracy of results and possibility of
bias, are a highly feasible alternative, easier to perform even
on large scale multicenter studies, less expensive, and less

time consuming.14-19 By repeating such surveys, trends can
be accurately assessed.20

Tunisia is not spared from this scourge. In fact, HAI was the
most common adverse event found in a longitudinal obser-
vational study conducted in 2016 over a period of 3 months in
the Sahloul university hospital (43.4%).21 The national surveys
of prevalence HAI were held regularly in the health institutions
as a surrogate for incidence studies and can be readily repeated
and that in the framework of the strategic axis “Surveillance of
HAI” of theNational Strategy of the hygiene and safety of care.

We aim in this report to describe trends in HAIs in a
Tunisian university hospital through repeated point preva-
lence surveys over 9 years (2012–2020), assess the impact of
measures implemented for COVID-19 pandemic, and to
identify associated factors of HAI.

Materials and Methods

Setting and Study Design

Sahloul university hospital is a 683-bed tertiary care research
hospital in Sousse, Tunisia, with a capacity of 218 408 out-
patients and 20 433 admitted patients in 2020.

It has a long history of activities aimed at risk management
and infection control, based on a multimodal and multidi-
mensional approach. Moreover, the hospital’s infection control
policy includes audit and feedback to improve compliance of
the healthcare workforce to good practices; retraining courses
and educational programs; continuous surveillance of HAIs;
and active support for the WHO Campaign “Save lives: clean
your hands.”

Infection stewardship by PPS began in 1991, and since
2012, data have been treated with a local protocol and data
entry form and updated over the years. Since then, the de-
partment of prevention and security of care of the hospital has
been carrying out each year a PPS of HAI. Objectives of these
studies were to estimate the overall burden of HAIs in Sahloul

What do we already know about this topic?
Published data on the burden of healthcare-associated infections (HAIs) and more precisely on trends of HAIs in developing
countries is rare. The limited number of studies with a broad scope and the lack of national surveillance systems hamper any
attempts to estimate the burden of HAIs at national or regional level in low- and middle-income countries such as Tunisia
and especially during COVID-19 outbreak.

How does your research contribute to the field?
By using an identical survey tool and standard HAI definitions for the 9 surveys, we hoped to evaluate trends of HAI in
hospitalized patients, mostly, changes in frequency during coronavirus pandemic.

What are your research’s implications towards theory, practice, or policy?
The present study revealed an increasing trend in HAIs despite the strengthening of the measures put in place by our hospital
to deal with the coronavirus pandemic.
It is a first step to shed the light on this issue, in Tunisia, paving the way to implement a local and hopefully national
Surveillance System. Furthermore, a more in-depth analysis of the impact of COVID-19 outbreak will be made after the
conduction of the prevalence survey for the year 2021.
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hospital. Furthermore, hand hygiene trainings were regularly
conducted for all health personnel. We also conduct annually
hand hygiene practice audits to determine hand hygiene
adherence. On the other hand, other training courses are
carried out at the request of the services, for example, training
on the management of wastes associated with care. All these
measures were reinforced during COVID-19 outbreak.

Annual point prevalence surveys were conducted in March
and early April, to limit the influence of seasonal variation in
HAIs and to permit comparison among surveys, except for the
survey of the year of 2020 which was conducted in the last
2 weeks of June.

Departments included in our analysis were distributed as
follows:

(1) Intensive care units: surgical resuscitation, post-operative
general surgery, post-operative cardiovascular and
thoracic surgery, medical resuscitation, pediatric re-
suscitation, and transplant unit

(2) Surgical services: surgery, orthopedics, pre-cardiovascular
and thoracic surgery, neurosurgery, maxillofacial
surgery, urology, and burns service

(3) Medical services: internal medicine, gastroenterol-
ogy, cardiology, pediatrics, nephrology, neurology,
and rehabilitation

Departments’ participation was voluntary, and results
were handled confidentially.

Datawas collected on 1 daywith a single visit per department
and each bed was surveyed only once. A return visit was carried
out in certain departments to collect information from patients
whose hospital stay was greater than or equal to 48 hours and
who were absent during the visit of the investigator for various
reasons (practice of a complementary examination, surgery in
the operating room, etc.). In addition, patients who entered on
Monday after an authorization to leave during the weekendwere
included in the study for the previous hospital stay.

At the end of each survey, participating departments re-
ceived a report on surveillance data as feedback, to encourage
infection control activities based on benchmark indicators.

The current study focused on data collected from 2012 to
2020 from all departments except emergency and hemodi-
alysis services as they are day-hospital departments. All types
of HAIs as defined by the Centers for Disease Control and
Prevention (CDC) were included.22,23 No adjustments or
modifications of the definitions or other aspects of the
methodology were made during the study period.

The surveys were carried out by medical doctors and
hygienist technicians trained on the methodology.

Variable Definitions

HAIs are infections that first appear 48 hours or more after
hospitalization or within 30 days after undergoing a surgery
and a year after placement of an implant or prosthesis.24,25

Definition of device-associated infections included in our
survey such as pneumonia/lower respiratory tract infections
(Pneu/LRTI),central venous catheter (CVC)associated in-
fection, peripheral venous catheter (PVC) associated infec-
tion, and urinary tract infection (UTI) was referred to the
CDC National Healthcare Safety Network (NHSN)
definitions,22-24 which include laboratory and clinical criteria,
along with radiological criteria for Pneu/LRTI.

Data Collection

The study included all patients admitted to the ward at least
48 hours before the survey and not discharged from the ward
at the time of the survey. For each ward, data had to be
collected in a single day. Data collection for each survey was
completed in 2 weeks.

Data collection was carried out using NosoTun plug
(national HAI prevalence survey).26

Patient data form was structured according to the fol-
lowing sections: demographic data, admission data, clinical
data, antimicrobials (AM) use, and HAI data.

Demographic, admission, and clinical data, useful for iden-
tifying patient-based data and risk factors, includedward name,
survey date, patient counter, age, sex, date of admission,
surgery since admission, and invasive devices in place on
survey date (central vascular catheter (CVC), peripheral vas-
cular catheter, urinary catheter, and intubation).

Only any active HAI on the survey date was recorded on the
form. Data collected for HAI included presence of a relevant
invasive device before onset (intubation for ventilator-associated
pneumonia (VAP), central vascular catheter/peripheral vascular
catheter for bloodstream infection (BSI) and urinary catheter for
urinary tract infections (UTI), HAI present at admission, date of
onset, origin of infection (if bloodstream infection, source), and
microorganisms’ data. AM data (including generic or brand
name, route, indication, diagnosis/site of infection, and reason)
were collected when a patient was receiving an AM on the day
of survey (or in the 24 hours before the day of the survey for
surgical prophylaxis).

Statistical Analysis

Statistical analyses were performed using the SPSS statistical
package (version 20.0, SPSS Inc, Chicago, IL, USA) and
EpiInfo version 6.04 (CDC, Atlanta, GA, USA).

Prevalence rate of HAI was calculated as the percentage of
infected patients (with at least one infection) over the total
number of patients observed during each survey.

Trends in prevalence over time were evaluated using the
Chi-squared test for trend. Unadjusted odds ratios (ORs) and
confidence intervals (CIs) were computed through logistic
regression modeling.

Continuous variables were tested for normality of distri-
bution by means of Kolmogorov–Smirnov test, difference in
distribution was then tested using Student’s t-test. Pearson
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Chi-squared tests for categorical variables were used for
univariate analyses.

The association of all variables with the occurrence of HAI
was assessed using the Chi-squared test. We considered a
two-tailed P-value of .05 or less statistically significant. In
order to take into account, the influence of risk factors for
HAIs, variables with P-value < .2 were included in a multiple
logistic regression model for multivariate analysis, with
stepwise variable selection.

Results

Patients’ Characteristics

Overall, 2729 patients were observed in the 9 surveys; the
mean age was 48.3 ± 23.3 years and 57.5% were male. At the
time of survey, a central vascular catheter was present in
18.5% of observed patients; a peripheral vascular catheter in
60.8%; a urinary catheter the day of the survey in 31.3% and
within 7 days in 32.5% and the percentage of mechanically
ventilated/intubated patients was 16.1%.

ICU patients were younger (mean age: 44.1±22.7 years),
had the highest frequencies of invasive procedures (central
lines, peripheral lines, urinary catheter, or mechanical ven-
tilation), and the longest durations of hospital stay pre-survey
(43.2% of patients > 8 days).

Diabetes was more frequent in medical patients (22.8%).
However, all other comorbidities were higher in ICU
patients.

Trend of Healthcare associated Infections (HAIs)

Overall, 267 infected patients (9.8%) and 296 HAIs (10.8%)
were identified. Pneumonia/lower respiratory tract infections
were the most frequent HAI, accounting for 24% of all cases,
followed by surgical site infection (21.6%).

These infections were significantly more frequent in
surgical wards (44.3%) than in the medical ones (20.6%) and
ICUs (35.1%) (P=.008) (Figure 1).

The prevalence of infected patients increased from 10.6%
in 2012 to 14.9% in 2020. However, this increase was not
statistically significant (Table 1). In fact, from 2012 to 2019,
the prevalence of infected patients significantly decreased
from 10.6% to 8.5% (P =.05). Then, this prevalence sig-
nificantly increased from 8.5% in 2019 to 14.9% in 2020 (P
=.01).

The prevalence of HAIs increased significantly from
12.3% to 15.5% (P=.03) (Figure 2). From 2012 to 2019, the
prevalence of HAIs significantly decreased from 10.6% to
9.5% (P=.009). Then, this prevalence significantly increased
from 9.5% in 2019 to 15.5% in 2020 (P=.02). The only
decrease involved bloodstream infections (from 16.3% to
6.5%).

At the time of the surveys, results for microbiological
investigation were available for 165 HAIs (55.7%). The
proportion of HAI that was microbiologically confirmed
decreased from 58.1% in 2012 to 56.5% in 2020 (P=.1).

Klebsiella pneumonia (14.5%) was the most common
pathogen, followed by Escherichia coli (13.7%) and Pseu-
domonas aeruginosa (13.2%).

Overall, the AM use prevalence was 18% (at least one
AM). A total of 889 AMs were administered (32.6%). AMs
were mainly administered for treatment of community ac-
quired infection (n = 352; 45.7%), for HAI (n = 208; 27%)
and for surgical prophylaxis (n = 155; 20.1%). Considering
all 9 surveys, monotherapy was delivered in 491 patients,
combination of 2 antibiotics in 282 patients, and of 3 in 91
patients. All the 267 patients with at least one HAI were under
antibiotic therapy. Antimicrobial resistance was found in
32.1% of cases.

Distribution of causative pathogens varied when strati-
fying by survey (Table 2).

Risk Factors for Healthcare-associated
Infections (HAIs)

Surgical wards had the highest (46.8%) and medical wards
the lowest (23.2%) prevalence of infected patients (Table 3).
Rates were significantly higher in patients with diabetes,
obesity, immunodeficiency, infection at the day of admission,
who were under antibiotic treatment for the last 6 months, and
in patients with invasive procedures or previous surgery
(Table 3).

There was no sex difference. A trend effect was apparent
for length of hospital stay before the day of survey, with
prevalence increasing from 16.1% in patients with ≤ 7 days
prior hospitalization to 31.1% in those with >30 days (P
=.000).

Globally, the year of survey was significantly associated
with occurrence of HAI (P=.024). However, when using
univariable regression, the decrease in prevalence of infected
patients was significant for only year 2017 (from 13.9% in
2012 to 12% in 2017, P=.012).

Figure 1. Distribution of HAIs by ward and type of infection,
2012–2020.
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To consider the influence of risk factors for HAIs, multiple
logistic regression analyses with stepwise variable selection
were performed.

Factors significantly associated with HAI are summarized
in Table 4.

Discussion

Multiple studies indicate that the most common types of
adverse events affecting hospitalized patients are adverse
drug events, HAIs, and surgical complications.27 The US
Center for Disease Control and Prevention identifies that
nearly 1.7 million hospitalized patients annually acquire
HAIs while being treated for other health issues and that more
than 98 000 of these patients (one in 17) die due to HAIs.12

By using an identical survey tool and standard HAI
definitions for the 9 surveys, we hoped to then evaluate
changes in frequency of HAI in hospitalized patients. Based
on these surveys, there was a 3.2% increase in prevalence of
HAI between 2012 and 2020, largely driven by increases in
Pneu/LTRI and SSI, partially offset by reductions in UTI and
BSI.

The results of this study suggest that relatively little has
changed in either the rates of HAIs or the profile of in-
fection types. Although the increase of prevalence of in-
fected patients was not statistically significant, the
prevalence of HAIs increased significantly from 12.3% to
15.5%.

Our results were not in line with some studies where
proper implementation of infection control protocols
during the COVID-19 outbreak reduces the rate of
HAI.1-3

Explanations for these changes are speculative. In Tunisia,
as elsewhere, as less acutely ill patients are increasingly
managed in ambulatory settings, the residual core of hos-
pitalized patients may have higher acuity, and so may be more
prone to HAI.

Furthermore, we have noticed an increase in prevalence of
HAI in 2020. This may be explained by the fact that the
period of the survey was different from other years. In fact,
while the period of surveys was always in March and early
April, in 2020, the prevalence survey was conducted in the
last 2 weeks of June. During this period, all efforts were
focused on managing the corona virus pandemic, as a result,
only critical patients have been hospitalized. In fact,

Table 1. Proportion of patients with healthcare-associated infection (HAI) by year and prevalence of HAIs by year and type, 2012–2020.

2012
(N=350)

2013
(N=331)

2014
(N=298)

2015
(N=288)

2016
(N=287)

2017
(N=307)

2018
(N=266)

2019
(N=306)

2020
(N=296)

P-
value

Total
(N=2729)

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Patients
with
HAIs

37 (10.6) 32 (9.7) 31 (10.4) 24 (8.3) 28 (9.8) 32 (10.4) 13 (4.9) 26 (8.5) 44 (14.9) .06a 267 (9.8)
.06b

Total HAIs 43 (12.3) 38 (11.5) 34 (11.4) 25 (8.7) 33 (11.5) 35 (11.4) 13 (4.9) 29 (9.5) 46 (15.5) .03a 296 (10.8)
.01b

UTI 7 (16.3) 6 (15.8) 11 (32.4) 7 (28) 6 (18.2) 5 (14.3) 2 (15.4) 7 (24.1) 11 (23.9) .22a 62 (20.9)
.31b

SSI 12 (27.9) 11 (28.9) 6 (17.6) 4 (16) 4 (12.1) 9 (25.7) 1 (7.7) 5 (17.2) 12 (26.1) .38a 64 (21.6)
.05b

BSI 7 (16.3) 4 (10.5) 2 (5.9) 1 (4) 5 (15.2) 1 (2.9) 2 (15.4) 4 (13.8) 3 (6.5) .57a 29 (9.8)
.42b

Pneu/LRTI 9 (20.9) 7 (18.4) 2 (5.9) 7 (28) 13 (39.4) 8 (22.9) 6 (46.2) 8 (27.6) 11 (23.9) .17a 71 (24)
.23b

Other 8 (18.6) 10 (26.3) 13 (38.2) 6 (24) 5 (15.2) 12 (34.3) 2 (15.4) 5 (17.2) 9 (19.6) .12a 70 (23.6)
.13b

UTI: urinary tract infection; SSI: surgical site infection; BSI: bloodstream infection; Pneu/LRTI: pneumonia/lower respiratory tract infection; Other: other
infection.
aChi-squared test for trend.
bChi-squared test.

Figure 2. Evolution of prevalence rates of infected patients and of
HAIs at Sahloul university hospital, 2012–2020.
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secondary infections after viral illnesses occur frequently and
may lead to adverse outcomes.28 Furthermore, significant
increases in the national standardized infection ratios for BSI,
UTI, and Pneu/LTRI were observed in 2020.29 The largest
increase was observed for BSI, and significant increases in
Pneu/LTRI incidence and ventilator utilization were seen
across all 4 quarters of 2020.29

These constatations may be also explained by staff
shortages due to either furloughed or the fact of being in-
fected. In fact, the psychological impact of this pandemic has
caused several nurses to have recourse to psychiatric leave.
On the other hand, the precautions release following the net
decrease in cases with corona virus after the first wave may be
an explanation to this increase.

Overall, the described prevalence rate of HAI was lower
than that reported in other developing countries,7 but higher
than the values reported in other studies14,30,31 including the
ECDC’s 2011 report,32 which estimates a prevalence rate of
6% (country range 2.3%–10.8%) in European acute-care
hospitals (6.1% in Italy). This difference in the reported
values is due in part to the different characteristics of the
hospitals included in the European survey which collects
results from primary, secondary, tertiary care, and specialized
hospitals in different countries. However, the prevalence rate
of HAI in our hospital remains higher even when comparing
results from tertiary care hospitals only (7.2%).

According to our study, surgical wards were the most
affected wards, unlike what reported in other studies, where
intensive care units were the most affected ones.14,30-32 This
may be explained by the fact the main activity of our hospital
is surgical.

As confirmed by existing literature, Pneu/LRTI and SSI
were the most common HAIs in all surveys.7,30-32

Although invasive devices represent an unavoidable in-
fection risk for the critically ill patient, this risk goes well
beyond an acceptable level in the developing world, espe-
cially for incidence of Pneu/LRTI and catheter-related
bloodstream infections in both adult and pediatric pa-
tients.7 Furthermore, SSI is both the most frequently studied

and the leading HAI hospital-wide in the developing world.7

The alarming global burden of avoidable complications re-
sulting from unsafe surgery has been highlighted by
WHO.33,34

At the time of the surveys, results for microbiological
investigation were available for 165 HAIs (55.7%). Klebsiella
pneumoniawas the most frequent microorganism, followed by
Escherichia coli. Our results were similar to that found in
literature,14,32 which can be explained by the high frequency of
UTIs. Antimicrobial resistance was found in 32.1% of cases, a
similar result to other literature reports which further underline
a widespread use of broad spectrum antibiotics combined in
multidrug protocols that is often necessary to counteract the
increasing prevalence of AM resistance.30-33,35,36 On the other
hand, the excessive and inappropriate use of antibiotics is the
prime mover of the rapidly increasing prevalence of antibiotic-
resistant microorganisms.37

Application of a comprehensive HAI prevention strategy
was associated with significant reduction in the proportion of
patients with HAI from 7.6% to 4.3%, and in the total
prevalence of HAIs from 8.6 to 4.3 per 100 patients over a
4 year period in the study conducted by ML Ciofi degli Atti
et al.38

Hand hygiene is frequently cited as the single most im-
portant measure to prevent transmission of infections.39

Following implementation of an educational program to
improve hand hygiene and minimize patient handling in a
neonatal intensive care unit in Hong Kong, a reduction in HAI
from 11.3 to 6.2 per 1000 patient-days was observed.40

With the onset of the corona virus pandemic, there has
been a strengthening of the application of hygiene standard
precautions in our hospital during the 2 last years, and more
particularly the respect of hand hygiene, through training
sessions dedicated to all health professionals. We have also
made a reorganization of departments in order to respect the
rule of the march forward, and patient isolation. Despite all
these measures, we noticed that the prevalence rates remain
relatively high, which further demonstrates the value of in-
cidence studies to better assess the burden of HAIs. Our

Table 2. Distribution of laboratory-confirmed HAIs by causative pathogen, 2012–2020.

2012
(n=32)
(%)

2013(
n=39)
(%)

2014
(n=24)
(%)

2015
(n=16)
(%)

2016
(n=22)
(%)

2017
(n=26)
(%)

2018
(n=10)
(%)

2019
(n=27)
(%)

2020
(n=38)
(%)

Total
(n=234)
(%)

Klebsiella pneumoniae 15.6 15.4 8.3 12.5 22.7 7.7 30 14.8 13.2 14.5
Escherichia Coli 12.5 12.8 16.7 12.5 13.6 11.5 0 18.5 15.8 13.7
Pseudomonas aeruginosa 12.5 10.3 20.8 18.8 9.1 11.5 20 25.9 2.6 13.2
Acinetobacter 6.2 12.8 8.3 25 13.6 11.5 20 3.7 10.5 11.1
Staphylococcus aureus 18.8 10.3 25 0 0 11.5 0 7.4 10.5 10.7
Candida albicans 3.1 12.8 0 0 9.1 3.8 10 7.4 5.3 6
Enterococcus 0 0 0 6.3 18.1 18.1 0 0 10.5 5.6
Coagulase-negative staphylococci 0 0 4.2 0 0 3.8 0 0 5.3 1.7
Other 31.3 25.6 16.7 25 13.6 23.1 20 22.2 26.3 23.5
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results were not in line with some other publications where
the increased focus on hand hygiene, environmental cleaning,
patient isolation, and use of PPE during 2020, combined with
continued inpatient antimicrobial stewardship programs and a
marked decline in outpatient antibiotic prescribing, have
resulted in decreases in the Clostridioides difficile infection
standardized infection ratios during 2020 compared to
2019.41,42

Risk factor analysis is consistent with data in the
literature.14,32,35,43,44 Statistically significant risk for HAI
occurrence was independently associated with increased

length of stay, undergoing a surgical intervention, putting on a
prosthesis, use of urinary catheter, peripheral line and central
line, parenteral nutrition, obesity, and the use of antibiotic
treatment during the last 6 months. Appropriate urinary
catheter indication is certainly an area which requires further
analysis to assess possible overuse and guide practical in-
terventions.44 Central lines are a well-known risk factor for
BSIs, and several studies document the effectiveness of care
bundles for insertion and management.38,45 Prevention of
central-line-associated BSIs was also the focus of studies in
children in pediatrics ICUs and cardiac ICUs.46,47

Table 3. Risk factors for healthcare-associated infection: results of univariable analysis.

HAIs No HAIs

OR [95% CI] P-valueN (%) N (%)

Gender
Male 159 (10.1) 1410 (89.9) - .48
Female 108 (9.3) 1050 (90.7)
Age (mean±SD) 45.77 ± 22.81 48.66 ± 23.33 - .055

Type of ward
Surgical 125 (46.8) 1205 (48.9) - -
ICU 80 (30) 184 (7.5) 4.2 [3–5.8] .000
Medical 62 (23.2) 1073 (43.6) .5 [.4–.8] .000

Year
2012 37 (13.9) 313 (12.7) - .024
2013 32 (12) 299 (12.1) - .69
2014 31 (11.6) 267 (10.8) - .94
2015 24 (9) 264 (10.7) - .34
2016 28 (10.5) 259 (10.5) - .73
2017 32 (12) 275 (11.2) - .95
2018 13 (4.9) 253 (10.3) .4 [.2–.8] .012
2019 26 (9.7) 280 (11.4) - .36
2020 44 (16.5) 252 (10.2) - .10
Diabetes 69 (26) 453 (18.6) 1.5 [1.1–2] .004
Obesity 37 (14.1) 174 (7.1) 2.1 [1.5–3.1] .000
Under nutrition 11 (4.3) 64 (2.6) - .13
Immunodeficiency 24 (9.3) 117 (4.8) 2 [1.3–3.2] .002
Infection the day of admission 56 (34.6) 281 (17.9) 2.4 [1.7–3.4] .000
Antibiotic treatment in 6 months 81 (50.3) 402 (25.9) 2.8 [2–4] .000
Central line 109 (41) 393 (16.1) 3.6 [2.8–4.7] .000
Peripheral line 184 (70) 1468 (59.8) 1.5 [1.2–2] .001
Urinary catheter the day of survey 138 (52.3) 707 (29) 2.6 [2–3.5] .000
Urinary tract within 7 days 149 (56.4) 723 (29.9) 3 [2.3–4] .000
Mechanical ventilation 77 (29.2) 358 (14.6) 2.4 [1.8–3.2] .000
Parenteral nutrition 73 (27.5) 361 (14.7) 2.2 [1.6–2.9] .000
Other invasive procedure 73 (28.4) 336 (13.9) 2.4 [1.8–3.3] .000
Surgical intervention 174 (65.7) 981 (40.3) 2.8 [2.2–3.7] .000
Prosthesis in the year 34 (13.7) 34 (1.5) 10.6 [6.5–17.5] .000

Length of stay (days)
≤ 7 43 (16.1) 938 (38.1) - .000
8–30 141 (52.8) 969 (39.4) 3.2 [2.2–4.5] .000
>30 83 (31.1) 555 (22.5) 3.3 [2.2–4.7] .000

ICU: Intensive care unit; SD: Standard deviation; OR: Odds Ratio; CI: Confidence interval
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Our study has some limitations. Indeed, although repeated
PPSs represent a more feasible alternative for hospital-wide
surveillance of all HAIs, the study has likely some limitations
inherent to the study design and reduced periods of obser-
vation. Continuous surveillance, especially prospective active
surveillance, is the gold standard to improve patient safety.
Furthermore, we did not assess the impacts of antimicrobial
stewardship programs, and as the HAI prevention program
was applied in the whole hospital, we did not compare with a
control group.

Monitoring HAI rates allows benchmarking and provides
baseline data for planning preventive interventions and as-
sessing effectiveness. Point prevalence surveys are cheaper
and easier than incidence rate monitoring, but can be just as
useful, especially when repeated. We will thus continue to
conduct standardized annual surveys to drive continued
improvements in patient safety and quality of care.

This is the first report to look at the impact of COVID-19
on HAI rates at a teaching hospital in Tunisia. Substantial
increases in Pneu/LTRI and SSI were observed. The year 2020
marked an unprecedented time for hospitals, many of which
were faced with extraordinary circumstances of increased
patient caseload, staffing challenges, and other operational
changes that limited the implementation and effectiveness of
standard infection prevention practices.29

Conclusion

Ongoing surveillance of HAIs is an essential component of
hospital infection control programs. The goals are to assess the

burden of infectious diseases, identify important problems,
monitor the efficacy of specific interventions, and support
rational hospital policies. HAIs were reported to be signifi-
cantly decreased in hospitals that adopted surveillance pro-
grams. Hospital-wide surveillance programs are highly labor
intensive and tend to divert resources needed to implement
control measures and prevention activities. Consequently, they
are often of minimal interest to hospital policymakers except
during major outbreaks such as severe acute respiratory
syndrome (SARS) or Corona virus (COVID-19).

It has become increasingly apparent that hospital support
for surveillance programs needs to be justified by improved
outcomes. To accomplish these goals, they must be closely
linked to effective interventional strategies.

Contrary to what was expected, we noticed an increase in
the HAIs rates despite the preventive measures put in place to
control the COVID-19 pandemic. This was partly explained
by the vulnerability of hospitalized patients during this pe-
riod. However, a more in-depth analysis of the impact of
COVID-19 outbreak will be made after the conduction of the
prevalence survey for the year 2021.
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Table 4. Risk factors for healthcare-associated infection: results of multivariable analysis.

Adjusted OR 95% CI P-value

Age .98 .97–.99 .007
Prosthesis 12.8 5.7–28.8 .000
Central line 6.3 3.6–10.8 .000
Length of stay

≤ 7 - - .000
8–30 3 1.8–4.9 .000
>30 3.2 1.6–6.3 .001
Urinary tract within 7 days 2.4 1.5–3.7 .000
Parenteral nutrition 2.4 1.2–4.7 .013
Obesity 2.2 1.2–4.2 .014
Peripheral line 2 1.3–3.2 .002
Antibiotic treatment in 6 months 1.8 1.2–2.8 .005
Surgical intervention 1.7 1.1–2.6 .009

Year
2012 - - -
2013 1.6 .7–3.6 .29
2014 1.9 .8–4.3 .12
2015 0.6 .2–1.8 .41
2016 1.5 .6–3.6 .33
2017 3.1 1.4–6.9 .006

OR: Odds Ratio; CI: Confidence interval
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