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Introduction

Relevance of the topic, research issues

Healthcare-associated infections (HAIs) represent a significant
burden on healthcare systems globally, affecting millions of
people each year. These infections are associated not only with a
substantial increase in morbidity and mortality rates but also with
an increase in the cost of medical care and prolonged
hospitalization. The burden of nosocomial infections is not
limited only to the impact on the patient's health and the disease
outcomes, or to the reputational or financial damage caused to
individual medical institutions, but also extends to the countries'
health systems, creating additional financial burdens and harming
the quality of the country's medical services.

Several studies have been conducted in different countries to
estimate the rates and prevalence of HAIs. According to one
study, the overall rate of HAI varies significantly between
countries and ranges from 3% to 16% (Smith et al., 2008).
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According to the US Centers for Disease Control HAI
Surveillance data, the majority of cases of infections are
associated with medical devices and are related to intensive care
units. In particular, out of 78,342 cases of nosocomial infections
related to medical devices registered in 2020, 55,870 (71%)
patients were treated in intensive care units.

Prevalence rates of device-associated nosocomial infections vary
by country. According to the US CDC Surveillance System data,
these rates are as follows: catheter-associated bloodstream
infections - 0.86 cases per 1000 catheter-days, ventilator-
associated event (including VAP) rate - 9 cases per 1000
ventilator-days, catheter-associated urinary tract infection - 1
case per 1000 urinary catheter-days.

The prevalence of nosocomial infections in intensive care units is
higher in resource-limited countries than in the United States,
according to the results of a multicenter prospective cohort study
conducted in 46 hospitals in Central and South America, India,
Morocco, and Turkey. According to this study, the overall rate of
nosocomial infections was 14.7%, or 22.5 infections per 1000
intensive care bed-days. Rates of equipment-associated infections
were as follows: central venous catheter-associated bloodstream
infection - 12.5 cases per 1000 catheter-days (range 7.8 - 18.5
cases), VAP - 24.1 cases per 1000 ventilator-days (range 10.0 -
52.7 cases), urinary catheter-related urinary tract infection - 8.9
cases per 1000 catheter days (range 1.7 — 12.8 cases) (Rosenthal et
al, 2006). A study by the same group of researchers in 98
intensive care units in Latin America, Asia, Africa, and Europe
found that although the rates of device utilization in the
participated hospitals were similar to those in US hospitals, the
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prevalence rates of device-related infections were significantly
higher than in hospitals of the US surveillance system (Rosenthal
at al. 2008).

The prevalence of HAIs in middle- and low-income countries is
much higher than in high-income countries (Lashari et al., 2022).
The World Health Organization (WHO) estimates that 10 out of
100 hospitalized patients in low- and middle-income countries
experience one or more episodes of HAI during each
hospitalization (Zheng et al., 2022).

Nosocomial infections are urgent notifiable conditions (24 hours)
in Georgia. The procedure for reporting nosocomial infections is
regulated by 3 orders of the Minister of Labor, Health and Social
Protection of Georgia: 1. # 01-38/H (2015), 2. # 01-13/H (2018), 3.
Order # 01- 45/N (2022).

Data on HAI prevalence rates and infection control system
evaluation in Georgia is not easily available. Scarce information
can be found in global search engines, which reveal publications
related to these topics are limited.

According to the 2022 report of the National Center for Disease
Control and Public Health of Georgia, the number of nosocomial
infections reported to the surveillance system in 2022 increased
2.6 times compared to 2021 and 5.5 times compared to 2020. The
common organisms causing nosocomial infections in 2022 in
Georgia are Acinnetobacter baumanii, Pseudomonas aeruginosa,
and Klebsiella pneumoniae, also Staphylococcus aureus, Candida
spp and Escherichia coli.
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Research and analysis of the factors contributing to the spread of
HATIs is essential for developing effective strategies to reduce the
incidence of infections and improve patient treatment outcomes.

The goal and objectives of the research

The presented study aims to assess the burden of HAIs in the
medical sector of Georgia based on data from different types of
intensive care units.

The research has 3 objectives:

Objective 1: Assessment of culturing practices, that leads to
laboratory confirmation of HAIs. To accomplish this task, first,
we identified episodes of clinical sepsis for every participating
patient based on the clinical data registered in the medical
records, and after that, we reviewed the results of bacteriological
investigations associated with these episodes.

Objective 2: Determine the main pathogens causing nosocomial
infections in the hospital settings of Georgia based on the analysis
of positive cultures obtained from the patients who participated
in the study.

Objective 3: Identify trends of antibiotic use based on data from
the medical records of study participants.

Scientific and practical value of the research
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In middle- and low-income countries, including Georgia,
information on direct medical or indirect costs associated with
HAT is scarce. The presented study was conducted to address this
gap and assess the burden of healthcare-associated infections
specifically for Georgia.

Scientific novelty and practical value of the thesis

for the first time, the presented study assessed the burden of HAI
on the medical institutions and healthcare system in Georgia.

Treatment outcomes and direct medical costs associated with
HATIs identified in our study are consistent with global trends:
HAIs in intensive care units significantly worsen patient
outcomes, prolong hospitalizations, and increase direct medical
costs. The vast majority of nosocomial infections are associated
with medical devices. The utilization rate of bacteriological
testing is suboptimal.

Structure and volume of the thesis

The thesis is presented with a structured framework and includes
4 main chapters: 1. Introduction, where literary sources are
discussed, the relevance and objectives of the study, 2. Methods:
defining sample, sampling methodology, and framework for
collection and analysis of clinical and financial data, 3. Study
results from descriptive and analytical epidemiology 4.
Discussion, conclusions, and recommendations.

Overall, 94 publications and scientific papers are used and cited
in the thesis. In addition to the main paper, 2 appendixes are also
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presented. For visual demonstration of the findings, 12 tables and
7 graphs are used. The entire dissertation is presented on 107
pages and strictly follows the APA recommendations.

Approbation

The results of the presented research are shared with academic
society both within the university and at international
conferences. Academic and professional circles positively

evaluate the work done and recognize the obtained results.

The main part of the paper
Summary of the Key Findings
Target population

The research was conducted in 8 intensive care units in 6 cities in
Georgia. Patient inclusion criteria were as follows: age >18 years,
duration of hospitalization >2 days, receiving medical service in
intensive care unit. Clinical and financial data were extracted
from the medical records of the sampled patients.

Study instruments and methods

The initial sample size was set at 500 medical records. Sampling
was carried out in 2 stages: in the first stage the proportional
population sampling (PPS) method was used for sampling, and in
the second stage, the random sampling method was used. Medical
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records of the sampled patients who did not meet the inclusion
criteria were withdrawn and not replaced by another medical
record.

Clinical and financial data extraction from the medical records of
the selected patients was performed using a structured
questionnaire.

Nosocomial infection cases and episodes were identified based on
clinical and laboratory data. The Surviving Sepsis Campaign case
definition was used to identify clinical sepsis episodes. Results of
culturing were used to identify laboratory-confirmed
bloodstream and urinary tract infections.

Several categories of financial data were collected: expenses and
costs in ICU and non-ICU departments, treatment costs,
laboratory investigations, medications, and indirect costs.

Data was entered and analyzed (descriptive epidemiology) with
Epilnfo 7 software. Financial data analysis and modeling were
performed with STATA v.14.2. The GLM (Generalized Linear
Model) regression model was used for the estimation of each
hospitalization cost. GLM model was adjusted with age,
residential status, gender, medical insurance type, and presence of
chronic diseases (dichotomous variable, yes/no).

Study results

Out of the 501 selected patient records, 486 (97%) met the
inclusion criteria, and financial information was fully provided in

393 (80.9%) cases.
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The characteristics of the sampled patients were similar in all
hospitals. The profile of comorbidities was consistent with the
trends of prevalent diseases in the country.

Based on clinical data, at least 1 episode of clinical sepsis was
observed in 161 of 393 (41%) patients, of whom at least 1 culture
of any clinical specimen was performed in 63 (39%) patients.

To identify laboratory-confirmed bloodstream and urinary tract
infections, we reviewed the results of
microbiological/bacteriological investigation, and 51 (13%)
patients were identified as having laboratory-confirmed HAL
Demographics and past medical history of patients with and
without HAIs were similar (see Table 1: Demographic and
clinical characteristics of patients with and without healthcare-
associated infections (HAIs) (N=393)).

Medical costs and expenses were estimated for the entire sample
as well as for the separate groups: patients with HAI and those
without HAIL

Based on our data analysis, the cost of medical investigations and
medications in the intensive care unit is 341.30 GEL per bed-day,
and in the non-intensive care unit - 153.61 GEL, which is 2.2
times less. In both categories of medical units, the cost of medical
investigations exceeds the cost of medications, although the
difference is greater in non-intensive care units (24% and 51%,
respectively). The cost of medical services per day in intensive
care units is 188.75 GEL and in non-intensive care units - 92.49
GEL. The cost of medications per day in intensive care units is
about 2.5 times higher compared to non-intensive care wards,
respectively 152.54 and 61.12 GEL (see Table 2: Costs of medical
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investigations and medications in intensive and non-intensive

care units).

Table 1: Demographic and clinical characteristics of patients with
and without healthcare-associated infections (HAIs) (N=393)

Non-HAI | HAI
Demographic and clinical patients patients p-
characteristics (n=342) (n=51) value
Male 62 % 65% 0,74
Mean age 64,51 70,15 0.06
Rural residents 59% 59% 0,97
Umve.rs.al healthcare insurance 93% 98% 0.15
beneficiary
Hpspita}ized due to a medical 67% 5706 0.15
diagnosis
Alcohol use 4% 8% 0,28
Smoking 4% 8% 0,23
Chronic lung diseases 4% 8% 0,14
Coronary artery diseases 31% 41% 0,14
Diabetes 8% 8% 0,95
Chronic gastro-intestinal diseases 6% 12% 0,11
Chronic kidney diseases 7% 8% 0,77
Chronic liver diseases 6% 6% 0,88
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Direct medical costs include the following categories: total cost of
intensive care unit treatment, laboratory and drug costs,
indirect/administrative costs and medical staff salaries. All cost
categories were evaluated in both (HAI and non-HALI patients)
groups. (See Table 3: Direct medical cost means in patients with
and without HAISs).

Table 2: Costs of medical investigations and medications in
intensive and non-intensive care units

Average
Cost of cost of
medical medical Average cost
Bed/days investigatio | Cost of Bad/day | investigat | of
total Total cost ns medications cost ions medications
ICU 3724 1270987,34 | 702914,51 568072,83 341,30 188,75 152,54
Non-ICU | 890 136711,71 82311,7652 | 54399,94457 | 153,61 92,49 61,12

As expected, medical costs for individual patients vary
significantly and differ from the average. Given this uneven
distribution, from logarithmic models, we selected generalized
linear model (GLM) to control for covariates. We considered and
controlled the following variables as covariates (independent
variables that may affect the outcome, in our case - medical costs,
but are not of direct interest to the study): age, place of residence,
gender, type of medical insurance, and type of diagnosis that
caused the hospitalization.
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In ICUs Costs of laboratory investigations and medications for
HATI patients is 2 times higher comparing to the same costs for
non-HAI patients: average cost of ICU treatment is 8 362.44 vs.
4 665.35, cost of laboratory investigations are 2 666,93 vs
1249.93, and cost of medications - 1 874.00 vs. 1 212.70. The
presented differences of costs for HAI and non-HAI patients are
statistically significant.

Table 3: Direct medical cost means in patients with and without

HAIs
Non-HAI
HAI pati
Expenses (GEL) patients 95% CI (o5 Ba“ems 95% CI P 1
(n=342) = value
(3952,53 - (681823 —
ICU total 466535 5378,18) | 8362,44 14 859,05) 0.00
Lab investigations (1 114,63 - (814,95 - 0
vesug 1249,93 138523) | 2666,93 4518,93)

L (800,48 — (1215,68 -
Medications 1039, 48 1278,45) | 1942,33 2 668,95) 0,02
Indirect cost (1067,2 - (L673.76- | |

ect cos 1226,23 1385,28) | 2099, 65 2525,53)

(943,38 — (1499,58 -
Wages 1212,70 1481,6) 1874 2248,45) 0,07

In addition to financial losses, the HAI burden on healthcare

system is also determined by differences in treatment outcomes.

Therefore, we evaluated treatment outcomes in the both groups:

patients with HAT and without HAI. We looked in following
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treatment outcomes: lethal outcome, registered in the hospital
during the hospitalization of interest, and variables, related to the
hospitalization, particularly number of days in ICU and number

of hospitalization days (see Table 4: Treatment outcomes and
hospitalization days for HAI and non-HAI patients).

Table 4: Treatment outcomes and hospitalization days for HAI

and non-HATI patients

Non-
Outcome HAI HAI
patients | 95% patients p-
(n=342) | CI (n=51) 95% CI | value
. . (0.38- (.0.67-
D h 1 44 .001
ied in hospita 0, 0.49) 0,78 0.90) <0.00
Bed/days (9.20- (17.60-
(hospitalization) 10311y ) | 2388 | 3017 | <0001
. (6.98- (13.04-
Bed/days in ICU 8,06 12.76) 28,49 43.94) <0.001

Overall 206 clinical specimens were tested for bacteriology in the
entire sample and 111 positive cultures were obtained. Among

the positive cultures, 41% were gram-negative organisms (see
Table 5: Positive cultures from clinical specimens by origins,

entire sample).
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The most frequently used antibiotic in the sample was
Ceftriaxone (3 generation cephalosporin): prescribed in 238
(61%) patients out of 393 selected. The 2" and 3" most
frequently prescribed antibiotics are Levofloxacin (respiratory
fluoroquinolone) and Cefepim (4™ generation cephalosporin),
respectively prescribed in 74 (19%) and 70 (18%) of patients.
About 15% of patients in our sample were treated with
Vancomycin and 11% - with Piperacillin-Tazobactam.
Piperacillin/tazobactam, Cefepim, and Vancomycin belong to the
group of reserved antibiotics.

Table 5: Positive cultures from clinical specimens by origins, the
entire sample

Specimen type
Respirato

Organism Sum Blood Urine ry tract
Acinetobacter baumannii 11 1 10
Klebsiella pneumonia 1 1
Enterobacter spp 2 2
Candida albicance 27 1 9 17
Streptococcus spp 2 2
Staph spp 17 3 14
E. coli 7 6 1
Enterobacter spp 13 3 10
Enterococcus spp 9 6 3
Pseudomonas aeruginosa 11 3 8
Staphylococcus coagulase-
negative 8 2 6
Other 3
Sum 111 10 32 69
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Summary

The data analysis in our research showed 1.8 times higher
lethal outcomes, extension of hospitalization for 13.6 days
and extension of ICU stay for 20.4 days in HAI patients
compared with non-HAI patients. Also, the direct medical
cost was 1.8 times higher for each hospitalization and the
difference in average cost was 3 900 GEL.

Recommendations

Based on the analysis of the presented research results, we
developed the following recommendations:

1. Conduct the second round of the cross-sectional study to
estimate the burden of the healthcare associated
infections with the same protocol. The second round of
the study will show trends in HAI prevalence,
organisms, associated with HAI events, and antibiotic
prescription practices for HAI treatment.

2. Reassess HAI burden on healthcare facilities and
healthcare system at the national level in 1-2 years after
changes in reimbursement program in the healthcare
system: our study was conducted during the period when
medical expenses were covered by the universal health
insurance model. In 2024, the DRG model of financing
medical services was implemented, which may change
the results obtained by our research.
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3. Assess the Infection Prevention and Control (IPC)
Programs at the facility level: A proper and effective IPC
is a deterrent to the spread of infections associated with
medical services. After evaluating the programs, identify
strategies to strengthen the system that will reduce
nosocomial transmission of infections.

4. HAI surveillance systems at the National and facility
levels should be focused on the investigation
susceptibility profile of the organisms associated with
HAL There is a need to estimate the burden of infections
caused by MDRO at the National and hospital levels.
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