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Abstract

Background: The study aimed to investigate the changes in nosocomial infection density after patients were transferred to the intensive care unit (ICU) of a new-build hospital. Methods: The types and rates of nosocomial infections
were obtained for a one-year period retrospectively before leaving the old hospital premises and for a one-year periods after moving into the new hospital. The intensive care unit in the “old” premises was comprised of a 17-bedded
hall, and thirty-three nurses shifted to work forty-eight hours a week, with each nurse assigned to provide care for
two patients. The intensive care unit in the “new” premises consisted of single rooms, each with twenty-eight beds.
Results: The median nosocomial infection density decreased from 23 to 15 per 1000 in-patient days. The catheterrelated urinary tract infection rate decreased from 7.5 to 2.6 per100 catheter days. Conclusions: Treatment of patients in the new hospital resulted in a decrease in nosocomial infection density.
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Introduction

Nosocomial infections are important causes of mortality, especially in intensive care units (ICU) [1]. Multidrug-resistant microorganisms may cause an increase
in treatment costs and hospital stay [2,3]. Appropriate
antibiotic combinations and doses are not known especially for the pan-drug resistant strains of Gram-negative bacteria [4] and the discovery and development
of new antibiotics against carbapenem-resistant Klebsiella pneumoniae, Acinetobacter baumannii, and Pseudomonas aeruginosa have been determined as primary
targets by WHO (2017) [5].
Colonisation with resistant microorganisms begins
48-72 hours after hospitalisation [6]. It is essential to
take appropriate isolation measures and to monitor
infected or colonised patients with resistant microorganisms in single rooms. It is assumed that healthcare
workers (HCW) pay more attention to hand hygiene
compliance when treating patients hospitalised in single rooms, and this leads to a decrease in the crosstransport of resistant microorganisms [7].
*

The first step of the isolation procedures is to initiate a staff hand-hygiene regime before patient contact,
before undertaking an aseptic task, after exposure to
bodily fluids, after patient contact and after contact
with a patient surrounding [8,9]. The mechanism hypothesised for fewer infections in single rooms is the
reduction of person-to-person contacts as well as limiting the spread of infection by person-surface-person
contacts [10].
In May 2018, The Education and Research Hospital
(OldH) was closed, and all facilities relocated to a new
hospital (NewH), The City Hospital, Kayseri, Turkey.
The NewH had 1600 rooms, each with 248 beds including an ICU and dedicated resuscitation facility. The
NewH was comprised of four towers. One tower, which
included a 28-bed anaesthesia ICU, could accommodate 480 patients. This compared with the OldH which
had 700-bed capacity with 17 beds (13 of the beds did
not have a separated room), including an ICU.
The design of the intensive care units, infection care
practices and staffing responsibilities in the ICUs of the
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OldH versus the NewH are detailed in Appendix 1.
The study aimed to investigate if there was a change
in the number of nosocomial infections and infection
density, causative microorganisms and antimicrobial
susceptibility between the Old Hospital and the new
hospital.
The null hypotheses are:
––There was no change in the number of nosocomial
infections and infection density between the Old
Hospital and the new hospital.
––There was no change in the types of causative microorganisms between the Old Hospital and the
new hospital.
––There was no change in antimicrobial susceptibility
between the Old Hospital and the new hospital.

Method

Data relating to treatment provided from 1st May 2017
to 30th April 2017, was collected from the Education
and Research Hospital (OldH) files, and from 1st May
2018 to 30th April 2019 from files in The City Hospital
(NewH).
These included patients’ age, gender and co-morbidities from the hospital laboratory information.
The types and rates of nosocomial infections, causative microorganisms and antimicrobial susceptibility
during the study period were obtained from the records
of the Infection Control Committee in both hospitals.
Inclusion criteria of the patients in both hospitals
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test was used for the categorical variables. MannWhitney U test was used to determine the differences
between the OldH and NewH. The level of significance
was set at α =0.05 for all tests.

Results

During the study periods, 1210 patients were treated in
the OldH, and 1152 patients in NewH The mean and
standard deviation [mean (SD)] age of patients was 64
(10.1) in the OldH and 63 (13.7) in the NewH. The percentage of female patients was 45% and 60% respectively. The percentage of male patients was 55% and 40%
respectively (Table 1). There was no difference between
the patients in terms of co-morbidity (Table 1).
In the study periods, 127 nosocomial infection attacks were recorded in the OldH, while 96 attacks were
recorded in the NewH. There was a statistically significant decrease in the median nosocomial infection
density, decreased from 23 patient days per 1000 in the
OldH to 15 patient days per 1000 in the NewH in-patient days (Mann- Whitney U test; p= 0,040) (Table 2).
The first Null hypothesis is partially rejected.
Overall there was no change in the types of causative microorganisms between the OldH and the NewH
(Figure 1). The second null hypothesis is, therefore upheld.
Antimicrobial susceptibility of A. baumannii was
similar in the OldH and NewH. The carbapenem resistance rate was above 95% in both hospitals. There was
Table 1. Comparison of demographic data and co-mor-

––Patients diagnosed with ventilator-associated pneu- bidities of patients in the old hospital (OldH) and the new
monia, catheter-related bloodstream infection, uri- hospital (NewH)
nary tract infection, and surgical site infection
P
OldH
NewH
––Patients who were treated with at least 72 hours of
Chi-squared
n=127
n=96
antibiotic treatment
test
Exclusion Criteria of the patients in both hospitals
––Patients whose demographic information is not
available according to hospital medical records and
infection control committee records.
––Patients <18 years
The study was ethically approved with the number
of 2019-610 by University of Erciyes Medical Faculty.
Statistical analysis
The statistical analysis was performed using SPSS software version 22 (Chicago, IL, USA). The Chi-squared

Age (mean SD )
Female (%)
Male %
CHF (number)
DM (number)
CE (number)
CRF (number)
Trauma (number)
Malignancy (number)
Hemodialysis (number)

64.9
(10.1)
45
55
5
6
11
5
8
9
9

63.9
(13.7)
60
40
8
5
5
4
7
3
7

0.949*
0.088*
0.079*
0.748*
0.748*
0.270*
0.065*
0.652*
0.076*
0.847*

*No Statistical significance. OldH, old hospital; NewH, new hospital; CHF, Congestive Heart Failure;
DM, Diabetes Mellitus; CE, Cerebrovascular Events; CRF, Chronic Renal Failure
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Table 2. Comparisons of the number of nosocomial infections and infection density, in the old hospital (OldH) and new
hospital (NewH)
Number of Nosocomial Infections
Nosocomial Infection Density

OldH
127
23.0 (16.5-46.4)

NewH
96
15.0 (4.1-32.5)

P Mann- Whitney U test
0.401
0.040*

OldH, old hospital; NewH, new hospital. * Significant difference.

Fig. 1. The types and numbers of causative microorganisms associated with nosocomial infections in the two hospitals.

no significant difference between the two hospitals in
terms of antimicrobial susceptibility of gram-negative
microorganisms (Table 3). The third Null hypothesis is,
therefore upheld.
The following data referring to secondary objectives
were obtained. The rate of ventilator usage was 0.32 in
the OldH and was 0.29 in the NewH (Mann- Whitney
U test; p=0.101). Ventilator-Associated Pneumonia
(VAP) rate decreased from 15.2 to 12.5 in 1000 ventilator days (Mann- Whitney U test; p= 0.438 ). Although
urinary catheters were used in 100% of patients in the
NewH, this compared to 93% of patients had urinary
catheters in the OldH (Mann- Whitney U test; p=
0.005).
The catheter-associated urinary tract infection
(CAUTI) rate decreased from 7.5 to 2.6 per 100 catheter days between the OldH and the NewH. This was significantly different (Mann- Whitney U test; p=0,047).

There was no significant difference between the two
hospitals in terms of central venous catheter usage rate
(Mann- Whitney U test; p=0.243) and central catheterrelated bloodstream infection rate (Mann- Whitney U
test; p=0.748)

Discussion

There was no difference in terms of co-morbidity between the patients treated in the OldH versus those
treated in the NewH. There was no significant difference between two hospitals in terms of antimicrobial
susceptibility of gram-negative microorganisms, nor
was there a significant difference in the number of
nosocomial infections on transferring patients to the
NewH. However, there was a significant difference in
infection density. The need for rapid access to essential
materials is stated in the optimal design of ICU’s [11].

Table 3. Comparisons of the antimicrobial susceptibility, in the old hospital (OldH) and new hospital (NewH)
Carbapenem resistant Acinetobacter baumannii
Carbapenem resistant Klebsiella pneumoniae
Carbapenem resistant Pseudomonas aeruginosa
OldH, old hospital; NewH, new hospital. *No significant difference.

OldH (n=127)
34 (26%)
30 (23%)
9 (7%)

NewH (n=96)
30 (31%)
20 (21%)
12 (12,5%)

P Mann- Whitney U test
0.847*
0.056*
0.949*
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The most important of these are hand washing units
and hand disinfectants. In this study, there was a significant increase in the number of handwashing units and
hand disinfectants and access points. Increased compliance with hand hygiene may lead to a decrease in
the density of nosocomial infections due to VRE, methicillin-resistant Staphylococcus aureus (MRSA), and
multi-drug resistant Gram-negatives [12,13]. These
parameters may have accounted for the reduction of
nosocomial infection density.
Despite the increase in the number of beds in the
ICU of the NewH, the number of nurses did not increase. Also, there was a threefold increase in the total
working area in a shift. Both parameters are important
factors for the increase of total workload, and compliance with infection control measures may decrease
[11]. Increases in catheter-related urinary tract infection rate with increased workload have also been reported previously [14]. While the nurse-patient ratio
was 0.5 in the 24-hour period in the old ICU, it decreased to 0.4 in the new ICU. Both rates are not suitable for ergonomic patient care. In a prospective study
evaluating 10657 patient days and 415 nosocomial infections in the ICU, increasing the nurse / patient ratio above 2.2 reported a 29% reduction in nosocomial
infection density [15]. In a survey conducted with the
nurses, it was reported that compliance with hand hygiene procedures decreased with high workload [16].
In this study, another compelling factor in decreasing the density of nosocomial infection was thought to
be the change in the type of intensive care unit. Similar
to the present study, an 11-year retrospective study of
nosocomial infectious agents before and after moving
to a single-room ICU reported a significant reduction
in the number of multidrug-resistant microorganisms.
Also, when clonal evaluation of the microorganisms in
the old and new hospitals was performed, the clonal
affinity of the multi-drug resistant gram-negative bacteria isolated in the old hospital was determined and
spread by cross transport [7]. In a 24-bed ICU where
nosocomial infections and colonisation were evaluated
before and after the four years of single room design;
47% reduction in MRSA, 43% decrease in Clostridium
difficile and 51% decrease in yeasts were reported [17].
In the present study, although there is no change in
the resistance profile of the causative microorganisms,
nosocomial infection rates were predicted to decrease
with the correction of other conditions.
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Urinary catheter utilisation rate increased in the
ICU of the NewH; however, a significant decrease was
observed in catheter-related urinary tract infection
rates. Non-compliance with infection control measures
during catheter administration and catheter care after
administration is among the most important risk factors for CAUTI [8]. After moving to the new hospital,
not only ICUs but also emergency room and operating
room conditions have been improved. Considering that
urinary catheter applications are generally performed
in these departments in patients admitted to ICU, it
may contribute to a decrease in infection rates. Barbadoro et al. (2015) reported in a 2-year surveillance
study [18] that performing urinary catheter administration outside the operating room increased the risk
of CAUTI by 7.9 times. A review of nineteen studies
reported that CAUTI decreased with compliance with
hand hygiene during the urethral catheter administration and catheter care [19]. After relocation, improvement of hygienic conditions in all units of the new hospital, contributed, directly and indirectly, to decrease
nosocomial infection rates in the ICU.
There was a decrease in the rate of ventilator usage
and the rate of VAP; in both periods, the rate of VAP is
still higher [20]. The VAP rate of the hospital is compatible with seventy-five percentiles according to the
country average [21]. The main pathogenic factor in
the development of VAP is biofilm formation within
the endotracheal tube and microaspiration of secretions [22]. The incidence of VAP can be reduced by
several means, including the use of care bundles [22].
Some of the bundle parameters include head-of-bed
elevation, daily sedation vacation, daily assessment of
readiness for extubation, prophylaxis of peptic ulcer
and deep vein thrombosis, oral care with chlorhexidine
solution, in-line suction system and subglottic suctioning [23]. In order to decrease the VAP rates, the first
step should be reached the sufficient number of HCW,
then would be to start a bundle application by using the
appropriate ones from these parameters.

Conclusion

On relocating to a new hospital, though there was no
change in the number or types of nosocomial infections, there was a decrease in the density of nosocomial
infections. This may in part be due to the increase in the
number of single-room facilities, hand washing units
and the convenient availability of hand disinfectant.
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Appendix

1. The design of the intensive care units, infection care practices and staffing responsibilities in
the ICUs of the OldH versus the NewH
Design
OldH: An open plan area containing thirteen beds.
Plus, four separate isolation rooms each with one bed.
Total number of beds: Seventeen.
NewH: Twenty-eight individual rooms, each with
one bed.
Infection control measures
Standard infection control measures were applied in
both the OldH and the NewH at all times.
Rectal screening for Vancomycin-resistant Enterococci (VRE) was performed on admission if the patient
had been transferred from another hospital and after
that weekly in both units.
Patients infected or colonised with multi-drug resistant microorganisms: contact isolation procedures
were applied. In the OldH, infected or colonised patients stayed in one of the four isolation rooms whenever possible.
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Skin antiseptics were located next to the patient beds
in the OldH.
Skin antiseptics were located next to the patient beds
in the NewH and also at the exit from the patient’s
room.
Three washing-stands were located centrally in the
open-plain area containing thirteen beds.
Twenty-eight washing-stands were located, one for
each of the individual rooms.
Environmental cleaning
Environmental cleaning was performed three times a
day in the OldH.
Environmental cleaning was performed twice a day
in the NewH.
Staffing responsibilities
OldH: Thirty-three nurses each worked a forty-eight
hours per week shift system.
Each nurse was assigned to provide dedicated care
for two patients in each shift.
NewH: Forty 40 nurses work in fifty-six hours per
week shift system
Each nurse was assigned to provide dedicated care
for two or three patients in each shift.

Supplementary figure 1: Intensive Care Unit Plans in the Old Hospital (A) and The New hospital (B). OldH: Total working
area is 516 m2. NewH: Total working area is 1600 m2.

