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SUMMARY

Objectives: The scale of the economic problem of the occurrence of nosocomial infections and the resulting high additional costs of treatment
can only be assessed using economic analyses. The aim of the study was to analyse the impact of a nosocomial infection in a patient in the
treatment process and the direct costs of patient hospitalisation. The article contributes to a cost analysis, which is a relevant basis for adopting
effective solutions and decisions on the introduction of new programmes and measures to reduce nosocomial infections and associated costs.

Methods: In the first phase of the micro-economic analysis, we analysed the course of hospitalisation of a non-colonised patient treated in an
ordinary hospital room. In the second phase, we analysed the process of hospitalisation of a patient who developed a nosocomial infection and
was transferred to an isolation room. The difference in cost of both types of treatment allowed us to carry out an economic analysis to estimate the
direct costs of nosocomial infection, which are not related to the initial diagnosis of the patient but only to the patient hospitalisation. To calculate
the individual types of direct costs of both alternative treatments, we first used the process flow diagram method, which then enabled us to analyse

the impact of the occurrence of nosocomial infection on the efficiency and costs of the hospital.

Results: The results showed that the total direct cost of hospitalisation of a non-colonised patient was 1,317.58 euro per day, and the direct
cost of hospitalisation of a patient with a nosocomial infection was 2,268.14 euro per day of hospitalisation.

Conclusions: We found that reducing nosocomial infections would have a significant impact on the savings or reduction in healthcare costs
associated with a different work process for patients in isolation. It would save 950.56 euro per patient for each day of hospitalisation for individual
treatment of a patient hospitalised in an isolation room as consequence of a nosocomial infection.
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INTRODUCTION

Nosocomial infections are a major concern for the global
health safety of both patients and healthcare workers (1-3).
Nosocomial infections are defined as infections that were not
in a state of transmission or incubation at the time of admission
and that manifest in a patient within 48 hours of admission to
hospital (4). These infections are not related to the main cause of
hospital admission and may occur even after the patient has been
discharged from the hospital (5).

The previous research has indicated that nosocomial infections
lead to excess morbidity, increased mortality, and substantial ad-
ditional costs within healthcare facilities, mainly due to different
treatment modalities, higher antibiotic consumption and longer
hospitalisations (6—8). Nosocomial infections have been found to
double the risk of mortality and excess morbidity in patients and
cause approximately 90,000 deaths annually in the United States
(9). In Europe, nosocomial infections are estimated to occur in
4.1 million patients and cause approximately 37,000 nosocomial
infection-related deaths (10).

In developed countries, nosocomial infections are reported to
occur in 5% to 15% of hospitalised patients within main hospital
wards and as many as 50% or more of patients in intensive care
units (ICU). In developing countries, the number of nosocomial
infections is significantly higher. Here, the percentage of noso-
comial infections within main wards is as high as 30%, and the
scale of the problem within these countries also remains largely
underestimated (11). Nosocomial infections are responsible for
11% to 25% of all neonatal deaths in the United States, and for
4% to 56% of all neonatal deaths in developing countries (12, 13).

In Slovenia, we record about 18,000 of nosocomial infections per
year (14), i.e., a non-negligible number. The prevalence of nosoco-
mial infections in Slovenia (6.6%) is similar to the overall preva-
lence of nosocomial infections in the EU (5.9%), country range
from 2.9% in Lithuania to 10.0% in Greece (15). Of concern is the
prevalence of nosocomial infections among ICU patients (30.6%),
which is quite high compared to the overall European estimate
of 19.2% for patients classified as specialized ICU patients (15).

Nosocomial infections significantly increase the financial
expenses related to the patient’s medical treatment. According
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to a report by the World Health Organization, hospital-acquired
infections in the United States increase financial expenses by
approximately 4.5 billion USD, or by considering inflation rates
by 6.5 billion USD, and in Europe by approximately 7 billion
EUR (16). More recent estimates have considered changes in
the epidemiology of hospital-acquired infections and, at the same
time, an increase in financial expenditure. Health economists have
calculated that the cost of treating hospital-acquired infections
in the United States is estimated to be between $28.4 and $33.8
billion, with this estimate rising to $45 billion using a different
methodology (17).

If only 20% of all hospital-acquired infections could be
prevented, medical costs in the United States could be reduced
by $5.7 billion. However, if healthcare facilities could reduce
hospital-acquired infections by 70%, the financial savings would
be USD 31.5 billion. If we compare these data with the costs of
treating individual diseases, we see that the value of reducing
hospital-acquired infections by 20% is the same as the costs
of treating stroke, diabetes or chronic obstructive pulmonary
disease (17).

The five most common hospital-acquired infections in the
United States, which include urinary tract infection, pneumonia,
catheter sepsis, surgical wound infection, and infection caused
by the bacterium Clostridium difficile, are estimated to cost the
healthcare system in the United States $10 billion annually. The
cost of a single medical treatment of a patient with catheter sepsis
is approximately $45,000, and the cost of medical treatment of
pneumonia in a patient on mechanical ventilation is approximately
$40,000. Clostridium difficile infection is estimated to be the
second most common nosocomial infection in the United States,
and the cost of treating a patient with this type of infection is
approximately $11,000 (18).

All this suggests that healthcare providers will have face a chal-
lenge on how to reduce nosocomial infections. The scale of the
problem of nosocomial infections and the resulting high additional
costs of treatment can only be assessed using economic analyses,
which are still in their infancy in the field of nosocomial infec-
tions (19). The additional costs incurred as a result of nosocomial
infections that are difficult to be estimated accurately, which is
why estimates vary considerably between studies analysing the
costs of treating patients for nosocomial infections (20). Most
studies generally divide the costs of nosocomial infections into
several groups. Some are directly related to the patient’s original
diagnosis, while others are direct costs that arise as a result of
treating the patient differently, regardless of the patient’s original
diagnosis. In addition to direct costs, nosocomial infections also
result in indirect costs, which cause additional costs for the entire
healthcare system and society.

The key contribution of the article is an elaborated economic
assessment of the potential savings that occur if a patient is pre-
vented from developing a nosocomial infection. This is one of the
first studies of its kind to accurately distinguish between direct
costs, which are related to the hospitalisation of the patient itself,
and indirect costs, which also depend on the initial diagnosis for
which the patient was admitted to hospital. In addition, the paper
contributes to a cost analysis which can help to make decision-
makers and health policy-makers more aware of the problem of
nosocomial infections, and that provides an appropriate basis for
adopting effective solutions and decisions on the introduction of

new programmes and measures to reduce nosocomial infections.
Finally, the results and findings can be of managerial and practical
relevance for cost monitoring in hospitals.

MATERIALS AND METHODS

A nosocomial infection in a patient can cause both changes in
the volume of outputs produced and the volume of inputs con-
sumed, but since efficiency is shown in the relationship between
the volume of outputs and the volume of inputs, we must observe
either changes in the volume of inputs for a given amount of
outputs or changes in the volume of outputs for given amount of
inputs. In our analysis, we have taken into account that the volume
of outputs produced does not change, as we analyse the impact of
the occurrence of nosocomial infection on the efficiency and costs
of'the hospital through a single business process, which means that
our output was defined as the treatment of a hospitalised patient
on a single hospital day. However, the volume of inputs consumed
changes, depending on whether the patient is a colonised patient
or a patient without nosocomial infection.

To analyse the economic impact of a nosocomial infection
on the efficiency and costs of the hospital, we first needed data
on the quantity of inputs and outputs, and data on the prices of
inputs. According to the classic economic definition, inputs are
expressed in the form of labour and capital (21). Thus, we first
defined the labour input data, which was estimated separately for
different groups of employees, and then the capital input data,
which was expressed in terms of the value of medical and other
consumables. Mathematically, costs of patient hospitalisation
are defined as the sum of the products of the costs and prices of
business process elements, which can be written in the equation:

Ci"=1=ZQiXPi

wherein C = costs, Q, = quantity of the business element i,
p, = price per unit of the business element i, indices i = 1, and n
belong to the sum.

In this study we analyse those types of costs that are directly
related only to the hospitalization of the patient and not to the
original diagnosis for which the patient was admitted and treated
in the hospital, namely the two main groups of costs, labour costs
and material costs.

To estimate the economic impact of nosocomial infections on
treatment costs, we first calculated the labour costs. In the first
step, we quantified the work inputs by expressing work in terms of
the number of staff hours involved in each activity within the treat-
ment of a non-colonised patient and in the treatment of a patient
with a nosocomial infection. Since labour costs are defined as the
product of the volume of labour inputs and their prices, we have
also defined the price data for labour inputs in the second step.

In the following, we also defined the quantity and price of the
capital input, which we defined in the form of the value of medical
and other consumables, while we defined only those values of the
mentioned category that do not depend on the original diagnosis of
the patient and occur in all hospitalized patients. When determin-
ing the impact of the occurrence of nosocomial infection on the
efficiency of the hospital, we did not determine the distribution
of other elements of the capital among individual activities. We
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used only those elements of capital that are directly affected by
the occurrence of a hospital-acquired infection in a patient.

Some of the direct costs of treating a patient as a result of
nosocomial infection can be estimated with relative accuracy
(22). Among the direct costs of nosocomial infections of this
type are increased costs due to longer patient hospitalisation;
more expensive treatment due to the use of additional medicine,
repeated examinations and additional surgeries; higher costs due
to additional laboratory and diagnostic tests; higher costs due to
the use of additional medical devices, as well as their decontami-
nation, cleaning, disinfection and sterilisation of surgical instru-
ments; higher costs due to the use of additional personal protective
equipment; additional costs due to more complex implementation
of nursing care; and higher costs due to extended working hours
of medical and non-medical staff in the hospital.

To calculate the individual types of direct costs of both alterna-
tive treatments, we first used the process flow diagram method
(23). This way, we have defined very precisely the new activities
and business tasks that change when a patient develops a noso-
comial infection. For ease of understanding, a “treatment of a
patient in an ordinary patient room” business process flow diagram
and a “treatment of a patient in an isolation room” process flow
diagram have also been made to show the number and sequence
of activities for both types of treatment. Next, the direct costs
of implementing individual activities were precisely calculated,
which lead us to the final calculation of the direct costs of medical
treatment for the first and second alternative treatments.

The study took into account the newly incurred costs of treating
a colonised patient, related to the additional use of personal protec-
tive equipment, cleaning costs, hospital linen costs, waste costs,
and sterilisation costs. The treatment of patients in isolation rooms
involves a number of additional activities, some of which have to
be carried out repeatedly due to the colonised environment, which
increases the working time of medical and non-medical staff, and
some additional staff are also involved. Due to the precise deline-
ation of direct costs unrelated to the patient’s initial diagnosis,
their economic evaluation did not include the costs of prolonged
hospitalisation, additional consumption of medicines, repeated
examinations and additional surgeries, additional laboratory and
diagnostic tests, the cost of using additional medical devices in
the operating theatre, and consequently their decontamination,
cleaning, disinfection and sterilisation, nor the higher staff costs
resulting from the additional complications of the patient’s treat-

ment and the prolonged hospitalisation. The economic analysis
thus excludes all costs related to activities within the operating
theatre and activities taking place in the outpatient department.

All cost data for each alternative treatment is based on our
own calculations and interviews with staff at one of Slovenia
general hospitals. These were carried out between August 2021
and October 2021. The information systems of general hospitals
do not track costs per patient, which means that there is no di-
rect correlation between the data. Thus, the data monitored by
the observed hospital at aggregate level was used, and then the
individual types of direct costs for a given alternative treatment
were calculated using the keys for their division to direct costs
to obtain total costs.

In the observed hospital, 1,099 isolations were ordered in 2019,
with the largest number of isolated patients in the paediatrics de-
partment, which is also in line with other studies. Among them,
there were the most extended-spectrum beta-lactamases (ESBL)
isolations (219 cases), while the most common infections were
E. coli (182 cases), Methicillin-resistant Staphylococcus aureus
(MRSA) infections were also common (125 cases). Accordingly,
when calculating the costs of hospital infections, we took into ac-
count that the hospital has approximately 1,000 isolates per year.

RESULTS

For non-colonised patient hospitalisation, labour input was ob-
served separately for 13 different staff profiles: specialist doctors,
registered nurses, nosocomial infection control nurses, licensed
practical nurses, radiological engineers, social care workers,
health administrators in the health administration service, health
administrators in the procurement service, paramedics, techni-
cians, transport workers, housekeepers, and security guards. In
the case of a patient with a nosocomial infection, we observed
the labour input for an additional staff profile; the nosocomial
infection control physician, who is not involved in the traditional
management of the patient.

The labour cost for the first and second alternative treatments
in Table 1 shows the number of activities and the labour cost by
individual departments for both treatment alternatives.

In contrast to the “treatment of a patient in an ordinary hospital
room” business process, we can see that the number of activities
increases significantly in the “treatment of a patient in an isolation

Table 1. Labour cost of the first and second alternative treatments

First alternative Second alternative
Hospital departments
Number of activities Labour cost (EUR) Number of activities Labour cost (EUR)

Procurement department 4 1.33 4 1.33
Reception 5 1.88 5 2.04
Reception office 6 6.40 15 20.80
Inpatient department 46 164.22 54 240.36
Diagnostic and therapeutic interventions department 2 14.7 6 31.60
Unclean area of a hospital ward 4 1.16 3 1.12
Central sterile services department 8 285.9 16 580.80
Total 75 475.59 103 878.05
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room” business process. The “treatment of a patient in an isolation
room” business process thus comprises 103 activities, while the
“treatment of a patient in an ordinary hospital room” business
process involves 75 activities. Among the different staff profiles,
the highest increase in labour costs is observed for registered and
licensed practical nurses, who have the most direct contact with
colonised patients. However, when comparing departments, we
found that labour costs increase the most in the central sterile
services department, where the number of activities also doubles.

In the case of a non-colonised patient treated in an ordinary hos-
pital room, the labour cost per hospitalisation is 475.59 euro per
day. In the case of hospitalisation of a patient with a nosocomial
infection, the aforementioned cost amounts to 878.05 euro per
day. The labour cost therefore increases by 402.46 euro (84.62%)
per day of hospitalisation in the event of a nosocomial infection.

In addition to evidence on the volume and price of labour
input, which is expressed in the form of labour costs, according
to classic economic theory, economic evaluation also requires
data on the value of capital input. In our case, we have expressed
the input capital in a way that identifies the costs of medical and
other consumables incurred in treating a patient who is hospital-
ised in an ordinary patient room and in treating a patient who is
hospitalised in an isolation room. When determining the impact
of the occurrence of nosocomial infection, we did not determine
the distribution of other elements of the hospital’s assets among
individual activities. We considered only those capital elements
that are directly affected by a nosocomial infection in a patient. We
used data on the purchase value of medical and other consumables.

The value of material costs for the first and second alterna-
tive treatments shows the number of activities and the value of
material costs by individual departments for both alternative
treatments (Table 2).

Among all hospital departments, the cost of medical and other
consumables increases the most in the central sterile services
department and in the hospital reception office. Notwithstanding
the fact that the number of activities within the inpatient depart-
ment increases significantly, the calculations show that there are
no higher costs in this department when dealing with a colonised
patient. The biggest difference in material costs can be seen in
the central sterile services department, where costs increase by
373.59 euro.

The material costs for treating a patient in a regular hospital
room are 841.99 euro, and the costs for treating a patient in an

isolation room are 1,390.09 euro. When a patient who developed
a nosocomial infection is treated in a hospital, the material costs
increase by 548.10 euro (65.10%). In absolute terms, the biggest
savings would be in the cost of medical and other consumables
(Table 1 and 2).

The economic analysis shows that the total direct cost of
hospitalisation of a non-colonised patient was 1,317.58 euro per
day, while the direct cost of hospitalisation of a patient with a
nosocomial infection was 2,268.14 euro per day of hospitalisation.
By preventing the occurrence of nosocomial infection, the total
costs of treating the patient, which are not related to the original
diagnosis but only to the patient’s hospitalisation, are reduced by
950.56 euro (72.14%). This clearly shows that the occurrence of
anosocomial infection in a patient has a significant impact on the
level of costs or savings for a given healthcare provider.

The economic assessment of the first and second alternative
treatments can thus be illustrated by the following equation:

1

m > m or 1,31758 < 2,26814

The equation shows that the additional cost saving of prevent-
ing a nosocomial infection in a patient is 950.56 euro per day of
hospitalisation. If a hospital has 1,000 isolations ordered per year,
the additional cost of ineffective containment of infection trans-
mission is approximately 950,560 euro per year, not including the
additional days of hospitalisation incurred due to the occurrence
of a nosocomial infection in a patient, which adds significantly
to the cost of treating such a patient.

DISCUSSION

The aim of the study was to analyse the impact of nosocomial
infection in a patient in the treatment process and to quantify in
detail the direct costs of nosocomial infection using economic
analysis. In doing so, we focused on one of the key processes
within the medical treatment of the patient, i.e., the process of
patient hospitalisation. In the first phase, our aim was to analyse
the process of hospitalisation of a non-colonised patient treated
in an ordinary hospital room. In the second phase, our aim was
to analyse the process of hospitalisation of a patient who devel-
oped a nosocomial infection, as a result of which the patient was
transferred to an isolation room. This allowed us to carry out an

Table 2. Value of material costs using the first and second alternative treatments

First alternative Second alternative

Hospital departments

Number of activities | Material costs (EUR) | Number of activities | Material costs (EUR)
Procurement department 4 0.70 4 0.70
Reception 5 0.46 5 0.46
Reception office 6 1.82 15 210.23
Inpatient department 46 51213 54 468.80
Diagnostic and therapeutic interventions department 2 0.00 6 12.69
Unclean area of a hospital ward 4 17.03 3 13.77
Central sterile services department 8 309.85 16 683.44
Total 75 841.99 103 1,390.09
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economic analysis in the next phase to estimate the direct costs of
nosocomial infection, which are not related to the initial diagnosis
of the patient but only to the patient hospitalisation.

The economic analysis of the costs that can be attributed to the
occurrence of nosocomial infections has already been evaluated
in some other studies around the world. It is reported that the ad-
ditional costs resulting from treating a patient with a nosocomial
infection range between 1,018 US dollars and 2,280 US dollars
per infected patient (24-26). Our economic analysis findings
also confirm the results of other researches around the world.
We found that the direct costs resulting from the treatment of a
patient with a nosocomial infection amount to 950,560 euro per
day of hospitalisation. Similar findings were reached by Jarvis,
who reported an average cost of nosocomial infections in a range
of 558-593 US dollars for each urinary tract infection, 2,734
US dollars for each surgical site infection, 3,061 US dollars for
each bloodstream infection, and 4,947 US dollars for each case
of pneumonia occurring in a patient (27). Even one of the latest
studies from Scotland, which deals with the mentioned issue,
states that the total costs for a single day of patient hospitalisation
amount to 799.17 pounds (28).

Some of the direct costs of treating a patient as a result of
a nosocomial infection are much more difficult to estimate, so
financial estimates of such costs are much less precise and are
usually based largely on lump-sum calculations (18). In our
analysis, we include the costs associated with occupied beds and
closed wards and also operating theatres, which are reflected in
the opportunity costs of the hospital or the cost of lost benefits.
Patients with nosocomial infections usually experience treatment
complications, increased morbidity and increased mortality. In
hospitals, there is a loss of reputation, which can be institution-
wide or department-specific. This has a significant impact on the
hospital’s contracts with healthcare payers and patient referrals.
Nosocomial infections also often lead to legal disputes that have to
be settled in the courts, resulting in additional costs for the hospital
in terms of legal fees, lawyers’ fees and court proceedings. While
all these costs are also directly linked to increased costs for the
healthcare facility where nosocomial infections occur, they are
much more difficult to be measured and therefore the financial
implications are usually based mainly on estimates.

Nosocomial infections can also have indirect costs, which are
not directly linked to higher costs for the healthcare facility. They
can be linked to higher costs for the healthcare system and society
as a whole (29). This includes the lengthening of queues caused
by nosocomial infections that prolong hospitalisations and often
lead to the closure of wards and operating theatres. Increased
patient morbidity and mortality resulting from nosocomial infec-
tions do not only cause higher costs for healthcare facilities, but
also additional costs to communities and society. These costs are
difficult to quantify, but they can have a very large impact. Often,
patients are discharged from the hospital while the infection is
still present, resulting in additional costs for home care staff or
for patients staying in a rehabilitation centre. While the patient is
still infected, the likelihood of infecting others with whom he or
she comes into contact increases, which means that new costs are
subsequently incurred for the treatment of those infected. Patients
with nosocomial infections incur additional costs in terms of time
away from work, as well as additional costs for the patient’s rela-
tives and friends, who incur travel and opportunity costs in terms

oftime spent between visits. Nosocomial infections, as a common
cause of the core of the dispute, not only increase the costs of the
medical institution where the nosocomial infection occurred, but
also cause additional costs for society as a whole.

Economic analyses are essential to support the development
of programmes for the control and prevention of nosocomial
infections. Nevertheless, economic analyses are a relatively new
field in infection prevention programmes. Nosocomial infec-
tions are known to be preventable causes of morbidity, leading
to the development of many programmes to control them. It is
estimated that about 70% of catheter-related bloodstream and
urinary tract infections, about 55% of pneumonia requiring
ventilator-assisted treatment and surgical site infections can be
prevented (30). If we compare this with our economic estimates,
with a reduction in nosocomial infections by just 20%, the hos-
pital would save at least 189,888 euro annually, just from the
reduction in the cost of personal protective equipment, sterili-
sation costs, cleaning costs, the cost of hospital waste, and the
labour costs associated with treating a patient in a patient room,
without taking into account the increase in the number of days
a patient is treated. If they could manage to reduce infections
by 70%, they could save at least 665,392 euro annually at the
observed hospital, where they have approximately 1,000 cases
of infection every year.

Nosocomial infections are known to be preventable causes of
morbidity, leading to the development of many health programmes
to control them. Some economic analyses thus already analyse
the effectiveness of infection control programmes. Studies have
shown that the savings in treating patients are significantly higher
compared to the resources needed to reduce or prevent nosocomial
infections (31-33). This is also confirmed by economic analyses,
in which the costs are estimated very liberally, while on the other
hand, the benefits of the treatment are presented relatively con-
servatively (34). This is consistent with our economic assessment
and analysis of the savings that would occur if only a proportion
ofnosocomial infections could be prevented. It is therefore crucial
for healthcare providers to strengthen control of nosocomial infec-
tions in these circumstances. This is also explicitly confirmed by
other studies evaluating health programmes (35).

Cleaning and disinfecting the hospital environment are impor-
tant components of a comprehensive hospital infection control
process, especially in departments treating immunocompromised
patients. This has been the message of health policy-makers for
many years, and it is also the message of many reports and stud-
ies in this field (36, 37). Studies assessing the effectiveness of
cleaning and disinfection in hospital premises show that approxi-
mately 5-30% of surfaces remain potentially contaminated due
to the ineffectiveness of ingredients in detergent and disinfectant
formulas to disrupt biofilms (38, 39).

One of the key measures that healthcare providers should
follow is the contamination of patient rooms. This measure is
also suggested in some other studies, which similarly point out
that contamination plays a very important role in reducing the
transmission of antibiotic-resistant organisms (40, 41). The fac-
tors that most increase the likelihood of hospital infections are
suboptimal or ineffective manual cleaning and disinfection of
hospital premises. We can see the potential in reducing nosocomial
infections in a case of automated systems for cleaning the hospital
environment, such as ultraviolet light machines in particular, used
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as an additional tool in cleaning and disinfection. Some other
authors who evaluated programmes for the prevention of hospital
infections also found their positive effects (42—44).

It is necessary to point out two limitations of the study. The
first limitation is substantive in nature. As implied in the above
text, our cost analysis relates to one of the selected Slovenian
general hospitals. The second limitation is related to available
data. The selected hospital indeed has introduced a comprehensive
information system for monitoring certain information; however,
such data is not monitored by patient but at the level of a hospital
as a whole. This means that we accessed certain information only
with the use of keys and conducting interviews with employees
at the hospital.

Implications of the study are for science, policymakers, and
managerial practice in hospitals. The scientific contribution is in
cost analysis to optimize expenditures related to the hospitalisa-
tion of nosocomial infection. The developed information base
can be important for decision making process and health policy
development. The developed tools can be important for manage-
rial practice in hospitals for cost monitoring and optimizing costs
in providing health services.

CONCLUSION

In line with the economic analysis, we can conclude that
reducing nosocomial infections would have a significant impact
on the savings or reduction of healthcare costs associated with
a different work process for patients in isolation. It would save
950.56 euro per patient for each day of hospitalisation per indi-
vidual treatment of a patient who is hospitalised in an isolation
room as consequence of a nosocomial infection.

All of these calculated costs represent only a small fraction of
all hospital costs associated with nosocomial infections. There-
fore, it would make sense to extend the study to an economic
cost analysis, where the individual patient’s original diagnoses
for which they were admitted to hospital are also monitored in
parallel. In this way, it is possible to estimate by how much the
length of stay increases, how much the consumption of medicines
and other medical devices increases, how many additional exami-
nations and interventions are needed, how many complications
occur in the primary disease, how many additional staff profiles
are needed, and how much the staff time and consequently the
staff costs increase, including activities related to outpatient
examinations and the operating theatre.

The calculated costs in the Slovenian general hospital represent
only one tenth of all costs incurred as a result of the occurrence of
a nosocomial infection in a patient. If we consider all the direct
costs that are related to the diagnosis of patients and also all the
indirect costs that are related to the occurrence of nosocomial
infections, the savings would be significantly higher. The pro-
jected lump sum estimate of savings is about ten times higher,
which means that between 2 and 7 million euros would be saved
on an annual basis.

The results are based on the investigation of a single general
hospital. Therefore, the future research should be extended to
more hospitals and use more sophisticated methods of analysis
when developing better information base that can be used in
empirical analysis.

Conflicts of Interest

None declared

REFERENCES

18.

Wenzel RP. Health care-associated infections: major issues in the early
years of the 21st century. Clin Infect Dis. 2007;45 Suppl 1:S85-8.
Tchouaket Nguemeleu E, Beogo I, Sia D, Kilpatrick K, Séguin C, Baillot
A, et al. Economic analysis of healthcare-associated infection prevention
and control interventions in medical and surgical units: systematic review
using a discounting approach. J Hosp Infect. 2020;106(1):134-54.
Forrester JD, Maggio PM, Tennakoon L. Cost of health care—associated
infections in the United States. J Patient Saf. 2022;18(2):e477-9.
Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM. CDC definitions
for nosocomial infections. Am J Infect Control. 1988;16(3):128-40.
Khan HA, Baig FK, Mehboob R. Nosocomial infections: epidemiol-
ogy, prevention, control and surveillance. Asian Pac J Trop Biomed.
2017;7(5):478-82.

Doshi RK, Patel G, Mackay R, Wallach F. Healthcare-associated
infections: epidemiology, prevention, and therapy. Mt Sinai J Med.
2009;76(1):84-94.

Gefters C, Sohr D, Gastmeier P. Mortality attributable to hospital-acquired
infections among surgical patients. Infect Control Hosp Epidemiol.
2008;29(12):1167-70.

Pittet D, Tarara D, Wenzel RP. Nosocomial bloodstream infection in
critically ill patients. Excess length of stay, extra costs, and attributable
mortality. JAMA. 1994;271(20):1598-601.

Hillman D, Cuningham B, Weisenbach T, Figg F. Breaking the blood-
stream infection connection: utilizing a swab containing chlorhexidine
gluconate (3.15%) and isopropyl alcohol (70%), Chlorascrub. Am J Infect
Control. 2012;40(5):e145.

. European Centre for Disease Prevention and Control. Annual Epidemio-

logical Report on Communicable Diseases in Europe 2008: report on
the state of communicable diseases in the EU and EEA/EFTA countries
[Internet]. Stockholm: ECDC; 2008 [cited 2022 Feb 10]. Available from:
http://ecdc.europa.eu/en/publications/Publications/0812 SUR An-
nual Epidemiological Report 2008.pdf.

. Vincent JL, Rello J, Marshall J, Silva E, Anzueto A, Martin CD, et al.

International study of the prevalence and outcomes of infection in inten-
sive care units. JAMA. 2009;302(21):2323-9.

. Klevens RM, Edwards JR, Richards CL Jr, Horan TC, Gaynes RP, Pol-

lock DA, et al. Estimating health care-associated infections and deaths
in U.S. hospitals, 2002. Public Health Rep. 2007;122(2):160-6.

. Divatia JV, Pulinilkunnathil JG, Myatra SN. Nosocomial infections

and ventilator-associated pneumonia in cancer patients. In: Nates JL,
Price KJ, editors. Oncologic critical care. Cham: Springer; 2019. p.
1419-39.

. Klavs I, Serdt M, Korosec A, Lejko Zupanc T, Pecavar B; SNHPS III.

Prevalence of and factors associated with healthcare-associated infections
in Slovenian acute care hospitals: results of the third national survey. Zdr
Varst. 2019;58(2):62-9.

. Suetens C, Latour K, Kérki T, Ricchizzi E, Kinross P, Moro ML, et al.

Prevalence of healthcare-associated infections, estimated incidence and
composite antimicrobial resistance index in acute care hospitals and long-
term care facilities: results from two European point prevalence surveys,
2016 to 2017. Euro Surveill. 2018;23(46):1800516. doi: 10.2807/1560-
7917.ES.2018.23.46.1800516.

. Martone W1J, Jarvis WR, Culver DH, Haley RW. Incidence and nature of

endemic and epidemic nosocomial infections. In: Bennett JV, Brachman
PS, editors. Hospital infections. Boston: Little, Brown and Company,
1992. p. 577-96.

. Douglas Scott II. The direct medical costs of HealthCare associated infec-

tions in U.S. hospitals and the benefits of prevention [Internet]. Atlanta:
Centers for Disease Control and Prevention; 2009 [cited 2022 Feb 10].
Auvailable at: http://www.cdc.gov/HAI/pdfs/hai/Scott_CostPaper.pdf.
Rennert-May E, Conly J, Leal J, Smith S, Manns B. Economic evalua-
tions and their use in infection prevention and control: a narrative review.
Antimicrob Resist Infect Control. 2018;7:31. doi: 10.1186/s13756-018-
0327-z.

. Stone PW. Economic burden of healthcare-associated infections: an

American perspective. Expert Rev Pharmacoecon Outcomes Res.
2009;9(5):417-22.

95



20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Samuelson P, Nordhaus W. Economics. 19th ed. New York: McGraw
Hill; 20009.

Benenson S, Cohen MJ, Schwartz C, Revva M, Moses AE, Levin PD. Is it
financially beneficial for hospitals to prevent nosocomial infections? BMC
Health Serv Res. 2020;20(1):653. doi: 10.1186/512913-020-05428-7.
O'Leary MC, Hassmiller Lich K, Frerichs L, Leeman J, Reuland DS,
Wheeler SB. Extending analytic methods for economic evaluation in
implementation science. Implement Sci. 2022;17:27. doi: 10.1186/
s13012-022-01192-w.

Haley RW, Schaberg DR, Van Allmen SD, McGowen JE. Estimating
the extra charges and prolongation of hospitalization due to nosocomial
infections: a comparison of methods. J Infect Dis. 1980;141(2):248-57.
Yalcin AN, Hayran M, Unal S. Economic analysis of nosocomial infec-
tions in a Turkish University Hospital. ] Chemother. 1997;9(6):411-4.
Andersen BM. Economic consequences of hospital infections in a 1000
bed university hospital in Norway. Infect Control Hosp Epidemiol.
1998;19(10):805-7.

Jarvis WR. Selected aspects of the socioeconomic impact of nosocomial
infections: morbidity, mortality, cost, and prevention. Infect Control Hosp
Epidemiol. 1996;17(8):552-7.

Manoukian S, Stewart S, Graves N, Mason H, Robertson C, Kennedy S, et
al. Bed-days and costs associated with the inpatient burden of healthcare-
associated infection in the UK. J Hosp Infect. 2021;114:43-50.
Perencevich EN, Sands KE, Cosgrove SE, Guadagnoli E, Meara E, Platt
R. Health and economic impact of surgical site infections diagnosed after
hospital discharge. Emerg Infect Dis. 2003;9(2):196-203.

Umscheid CA, Mitchell MD, Doshi JA, Agarwal R, Williams K, Brennan
PJ. Estimating the proportion of healthcare-associated infections that are
reasonably preventable and the related mortality and costs. Infect Control
Hosp Epidemiol. 2011;32(2):101-14.

Plowman R, Graves N, Griffin MA, Roberts JA, Swan AV, Cookson B, et
al. The rate and cost of hospital-acquired infections occurring in patients
admitted to selected specialties of a district general hospital in England
and the national burden imposed. J Hosp Infect. 2001;47(3):198-209.
Currie E, Maynard A. The economics of hospital acquired infection. 1st
ed. York, UK: University of York; 1989.

Haley RW. Preliminary cost-benefit analysis of hospital infection con-
trol programs (The SENIC Project). In: Daschner F, editor. Proven and

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

unproven methods in hospital infection control. Stuttgart: Gustav, Fisher
and Verlag; 1978. p. 93-6.

Wenzel R. The economics of nosocomial infection. J Hosp Infect.
1995;31(2):79-87.

Cohen DR. Economic issues in infection control. J Hosp Infect. 1984;5
Suppl A:17-25.

White LF, Dancer SJ, Robertson C, McDonald J. Are hygiene standards
useful in assessing infection risk? Am J Infect Control. 2008; 36(5):381-4.
Wilson APR, Livermore DM, Otter JA, Warren RE, Jenks P, Enoch
DA, et al. Prevention and control of multi-drug-resistant Gram-negative
bacteria: recommendations from a Joint Working Party. J Hosp Infect.
2016;92 Suppl 1:1-44.

Carling PC, Huang SS. Improving healthcare environmental cleaning
and disinfection. Infect Control Hosp Epidemiol. 2013;34(5):507-13.
Vickery K, Deva A, Jacombs A, Allan J, Valente P, Gosbell IB. Presence
of biofilm containing viable multiresistant organisms despite terminal
cleaning on clinical surfaces in an intensive care unit. ] Hosp Infect.
2012;80(1):52-5.

Otter JA, Yezli S, French GL. The role played by contaminated surfaces
in the transmission of nosocomial pathogens. Infect Control Hosp Epi-
demiol. 2011;32(7):687-99.

Weber DJ, Anderson D, Rutala WA. The role of the surface environment
in healthcare-associated infections. Curr Opin Infect Dis. 2013;26(4):338-
44.

Rutala WA, Gergen MF, Weber DJ. Room decontamination with UV
radiation. Infect Control Hosp Epidemiol. 2010;31(10):1025-9.

Wong T, Woznow T, Petrie M, Murzello E, Muniak A, Kadora A, et al.
Postdischarge decontamination of MRSA, VRE, and Clostridium difficile
isolation rooms using 2 commercially available automated ultraviolet-C-
emitting devices. Am J Infect Control. 2016;44(4):416-20.

Casini B, Tuvo B, Cristina ML, Spagnolo AM, Totaro M, Baggiani A,
et al. Evaluation of an ultraviolet C (UVC) light-emitting device for
disinfection of high touch surfaces in hospital critical areas. Int J Environ
Res Public Health. 2019;16(19):3572. doi: 10.3390/ijerph16193572.

Received October 10, 2022
Accepted in revised form April 22, 2023

96



