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ABSTRACT

Background: Hospital-acquired infections are among the most common adverse events in
healthcare, causing substantial morbidity, mortality, and financial burden worldwide. These
infections are often associated with multidrug-resistant organisms, affecting not only individual
patients but also the wider community.

Objective, this study aimed to assess treatment outcomes and associated factors of hospital-
acquired infection among adult patients admitted to Hiwot Fana Comprehensive Specialized
University Hospital from 1 February 2024 to 30 April 2024.

Method: A prospective longitudinal study was conducted among adult patients admitted to Hiwot
Fana Comprehensive Specialized Hospital during the study period. A total of 422 patients were
included in the study, selected through systematic random sampling with sampling interval of 2.
Data was collected by using organized questioner. Treatment outcomes were classified into two
categories: good and poor. Descriptive statistics and bivariate and Multivariable logistic
regression analysis was performed, to determine factors associated with poor treatment outcome
with results expressed as adjusted odds ratios (AOR) and 95% confidence intervals (CI). Statistical

significance was determined at a p-value < 0.05.

Result: Of 422 patients observed in this study, 99 (23.5%) were diagnosed with a hospital-
acquired infection. Of most commonly identified hospital acquired infections, bloodstream
infections were the most common (37, 37.4%), followed by hospital-acquired pneumonia (35,
35.4%) and urinary tract infections (19, 19.2%). Overall, 50.5% (95% CI: 40.3-60.7) of patients
with hospital-acquired infections experienced poor treatment outcomes. Patients with a Charlson
comorbidity index score >3 had higher odds of poor outcomes (AOR = 3.45; 95% CI: 1.02-11.57),
bloodstream infection (AOR =4, 57; 95% CI. 1.06-19.7), prior use of antibiotics before hospital-
acquired infection diagnosis (AOR = 3.92; 95% CI: 1.18-13.06), and undergoing an invasive
procedure (AOR =3.69; 95% CI: 1.15-11.9) were all significantly associated with poor treatment

outcomes.

Conclusion: This study demonstrated that half of the patients with hospital-acquired infections
experienced poor treatment outcomes. Factors significantly associated with adverse outcomes

included a Charlson Comorbidity Index (CCI) score >3, bloodstream infections, prior antibiotic

Xi



use before HAI diagnosis, and undergoing invasive procedures. These findings highlight the
combined influence of comorbidities, infection type, and treatment practices on patient prognosis,
underscoring the urgent need for targeted interventions to reduce mortality and improve recovery

among hospitalized adults

Keywords: Hiwot Fana Comprehensive Specialized Hospital, hospital-acquired infections,

prospectiev, treatment outcomes, factors affecting poor outcome,

Xii



1. INTRODUCTION

1.1 Background

Hospital-associated infections (HCAIs), commonly known as infections acquired in hospital
settings, are among the most common illnesses worldwide. Hospital-acquired infections (HAIS)
may develop within 48—72 hours after admission, 3-5 days following discharge, or more than 30

days after surgery (Pestafia et al., 2022).

Hospital-associated infections include CLABSI (central line-associated bloodstream infections),
CAUTI (catheter-associated urinary tract infections), SSI (surgical site infections), HAP (hospital-
acquired pneumonia), VAP (ventilator-associated pneumonia), and CD (Clostridium difficile)
infections (Habboush et al., 2023).

The Infectious Diseases Society of America defines hospital-acquired pneumonia (HAP) as
pneumonia that appears >48 hours after hospitalization and was not incubating at the time of
admission (Habboush et al., 2023). Ventilator-associated pneumonia (VAP), a subtype of HAP,
arises more than 48 hours after endotracheal intubation and the initiation of mechanical ventilation
(Kwa et al., 2007; Ozvatan et al., 2016; Karakuzu et al., 2018).

Hospital-acquired infections (HAIs) have implications not only for individual patients but also for
public health, as they are frequently associated with multidrug-resistant pathogens. Clostridium
difficile is responsible for C. difficile colitis, while common pathogens causing central line—
associated bloodstream infections (CLABSI) include Candida species in adult ICUs,
Enterobacteriaceae in adult wards, pediatric ICUs, and cancer units, and Staphylococcus aureus

across various settings (Weiner-Lastinger et al., 2022)

Effective prevention and control of both HAIs and multidrug-resistant infections require early
identification of individuals with relevant risk factors (Cilloniz et al., 2019). Such risk factors
include immuncompromised, older, prolonged hospitalization, multiple comorbidities, frequent
healthcare facility visits, mechanical ventilation, recent invasive procedures, indwelling medical
devices, and admission to intensive care units (ICUs). The source of infection may be hospital

staff, other patients, or the healthcare environment (Monegro et al., 2021).



this study aimed to assess the prevalence, therapeutic outcomes, and associated factors of HAIs at
HFCSUH.

1.2 Statement of the problem

Hospital Acquired Infections increases antibiotic resistance, prolongs hospital stays,
generates long-term disability, poses a large financial strain on healthcare systems,
raises expenditures for patients and their families, and leads to premature deaths (Srinivasan,
2023). The U.S. Centers for Disease Control and Prevention estimates that, of the 1.7 million
patients who develop HAIs annually, approximately 98,000 (about 1 in 17) die as a result (Haque
etal., 2018)..

In the United States, HAIs incur annual costs estimated between $28 billion and $45 billion and
result in approximately 90,000 deaths, ranking them among the top five causes of mortality (Haque
et al., 2018). In low- and middle-income countries, financial data on HAIs are scarce and
inconsistent. For instance, in several Argentine ICUs, the additional costs per case were estimated
at US$4,888 for CLABSI and US$2,255 for healthcare-associated pneumonia (Srinivasan, 2023).

Globally, healthcare-associated infections affect an estimated 7 out of every 100 hospitalized
patients in high-income countries and 10 out of every 100 in low-income countries (Lastinger et
al., 2023). Also studies have identified determinants of poor treatment outcomes among patients
with HAIS, to include, APACHE II score of >21, a SOFA score of >6, on admission to the ICU, a
SOFA score of >6, upon the day of diagnosis, and a low PaO2/FIO2 ratio while on ventilator
associated pneumonia (VAP). Also, other characteristics, including BSI, invasive device use,
comorbidities, and age, type of HAI, have been found as determinants of in-hospital mortality
among HAI patients (Karakuzu et al., 2018)

In low- and middle-income countries, data on HAIs remain limited. Nevertheless, a recent World
Health Organization (WHO) report indicates that HAIs are more prevalent in resource-limited
settings than in high-income countries (Shahida et al., 2016). A comprehensive review estimated
the pooled prevalence of HAIs in Africa at approximately 12.76%, with SSI and bloodstream
infections (BSIs) being the most common types (Gidey et al., 2023). Another study stated that
across Africa, the number of patients who get HAI and die in 2022 reached 4.8 million and
500,000, respectively (Hutton et al., 2024).



Ethiopia, like many other low-income countries in Africa, faces a high burden of HAIs. A
systematic review reported an overall prevalence of 16.96% (Alemu et al., 2020), while a study in
Jimma found an incidence of 28.5 cases per 1,000 patient-days (Genaneh et al., 2023). HAIs are
associated with increased in-hospital mortality, prolonged hospital stays, and higher healthcare

costs.

In Ethiopia, the average direct medical cost for patients with HAIs was 3,033 Ethiopian birr (ETB)
higher than for those without HAIs (Gidey et al., 2023). Therefore, effective prevention and
management of HAIs require coordinated efforts between healthcare providers and patients.
Unfortunately, many countries lack comprehensive surveillance systems for healthcare-associated

infections (Pestaria et al., 2022).
1.3 Significance of the study

Hospital acquired infection is currently a big issue for society and healthcare organizations. It
also increases the frequency of tests and medicine administrations, increasing the cost of therapy
for both patients and medical facilities. Preventing and eliminating nosocomial infections would
result in significant financial savings for health care facilities, healthcare providers, and the public.
To achieve this , several healthcare facilities should conduct research and projects regarding
the prevalence treatment outcomes and factors associated with treatment outcome (Raoofi et al.,
2023). Despite this, even though, several studies were undertaken in Ethiopia, focusing on the
prevalence and risk factors of specific HAIs. Only, a few studies have been done on outcomes of
treatment among patients with HAIs and factors associated with poor treatment outcomes.
Therefore, the findings of this study may provide valuable insights to the management and
healthcare providers at HFCSUH and Haramaya University regarding the current status of HAIs
in the hospital. Help to identify factors that adversely affect treatment outcomes, serve as a data
source for developing effective infection control programs, and guide the implementation of
strategies to reduce HAI rates, improved treatment approaches, address factors negatively
impacting outcomes,. Furthermore, finding may provide high-quality evidence to support future

research on related topic.



1.4 Objective

1.4.1. General objective

To assess incident of hospital acquired infection, treatment outcome and factors associated with
poor treatment outcome among adult inpatients with hospital acquired infection at Hiwot Fana

Comprehensive Specialized Hospital from February 1, 2024, to April 30, 2024.

1.4.2. Specific objectives

» To assess the incident of hospital acquired infection among adult inpatients at to Hiwot Fana

Comprehensive Specialized Hospital

» Toassess the treatment outcome of HAIs among adult inpatients at Hiwot Fana Comprehensive
Specialized Hospital
» To identify factors associated with poor treatment outcomes of HAIs among adult inpatients

at Hiwot Fana Comprehensive Specialized Hospital






2. LITERATURE REVIEW

2.1 Incident of HAI
Global evidence consistently shows that healthcare-associated infections (HAISs) remain a major
challenge to patient safety, despite advances in infection prevention and control. A large systematic
review covering publications from 2000-2021 estimated the global prevalence of HAIs at 0.141%,
with an annual increasing trend of 0.06% (Id et al., 2023). Although this figure appears low, many
country-level studies demonstrate substantially higher rates, underscoring persistent gaps in

surveillance and IPC implementation worldwide.

Studies from high-income countries (HICs) generally report lower HAI prevalence and incidence.
For instance, In a large cohort of 214,955 hospitalized adults, in US HAIs were identified in 3.1%
of admissions(Nickel et al., 2025).And prospective surveillance in Australia identified an
incidence of 2.1 per 1000 resident-days (Konig et al., 2021), while a five-year Polish study
documented a prevalence of 3.1% (Rafa et al., 2022). However, HICs are not exempt from high
HAI burdens under certain conditions: a cohort study in Thailand among COVID-19 patients
reported a 19% HAI prevalence, particularly bloodstream infections (Sathaporn & Khwannimit,
2023). Other studies in Germany, Greece, Italy and China have shown prevalence values ranging
from 3.9 episodes per 10,000 admissions to 11.2% (Ott et al., 2013; Kritsotakis et al.,
2017;Guarente et al., 2024Zhu et al., 2021).a systematic literature review from Europe find that
prevalence of HAI across the region is vary from 4.6% to 49.3% in the general population,
depending on the setting and country(17th WORLD CONGRESS ON PUBLIC HEALTH
2023,MAY 2_6 ROME ETALY -, n.d.).

Overall, these findings indicate that even robust health systems face HAI challenges, but the

burden is more pronounced in low- and middle-income countries (LMICs).

Comparative global analyses demonstrate that LMICs bear disproportionately higher rates of
HAIs. For example, pooled results from Southeast Asia reported a prevalence of 21.6% (Wah
Goh et al., 2023), while a Brazilian epidemiological study found an incidence of 8 cases per
1000 people-year (Souza et al., 2015). In Africa, the pooled point prevalence was 12.76%, a
figure two to three times higher than rates observed in Greece or China (Abubakar, Amir &

Rodriguez-Bario, 2022). Also a systematic review and meta _analysis in sub-Saharan Africa state
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that, The overall pooled prevalence of HAI across all included studies in SSA was estimated at
12.9% (This finding, demonstrates that approximately one in eight patients admitted in SSA
facilities acquires an HAI(Melariri et al., 2024).

e Additional African studies—conducted in Senegal, Botswana, South Africa, and Tunisia—
reported HAI prevalence or incidence exceeding 5%, including values such as 11.5%, 13.54%,
7.67%, and 14.5% (Diedhiou et al., 2023; Mpinda-Joseph et al., 2019; Nair et al., 2018; Mahjoub
et al., 2015). These consistently elevated rates highlight structural challenges typical of LMIC
settings, such as overcrowding, limited resources, insufficient IPC capacity, and inconsistent

surveillance.

Across regions, the most common types of HAIs vary. In Senegal, ventilator-associated pneumonia
(VAP) was dominant (Diedhiou et al., 2023), whereas a major African review identified surgical
site infections (SSls) as the most frequent, accounting for 41.6% of HAIs (Abubakar, Amir &
Rodriguez-Bafio, 2022). Conversely, findings from Tunisia indicated that peripheral venous
catheter (PVC) infections were the leading type (Mahjoub et al., 2015). These variations reflect

contextual differences in case-mix, device use, and quality of infection-prevention practices.

In Ethiopia, consistent with other LMICs, the national HAI burden remains high. A systematic
review reported a pooled prevalence of 16.96% (Alemu, Endalamaw & Bayih, 2020). Additional
studies from Hawassa, Jimma, Addis Ababa, Adama, and Harar further confirm high prevalence
and incidence rates, including 11.9% prevalence, 19.8% prevalence, 6.9% prevalence, and 28.15
per 1000 patient-days incidence (Mengistie, Ashena & Seman, 2022; Genaneh et al., 2023; Tassew
et al., 2020; Chernet et al., 2020; Tolera et al., 2018). Surgical site infections (SSIs) remain one of
the most significant postoperative complications globally, contributing to increased morbidity,
prolonged hospitalization, and elevated healthcare costs. The reviewed study from Harar ,Ethiopia
demonstrates that SSIs continue to pose a substantial burden, with a prevalence of 17.1% (95%
Cl: 14.6-19.9) among 801 surgical patients(Abdela et al., 2025). findings underscore significant
gaps in IPC practices and resource limitations across Ethiopian hospitals.

Regarding causative organisms, Ethiopian studies commonly identify Coagulase-Negative
Staphylococci (CoNS) and Escherichia coli as major pathogens associated with HAIs (Mengistie,



Ashena & Seman, 2022). These organisms are also globally recognized contributors to device-

associated and postoperative infections.

The reviewed literature clearly demonstrates that although HAIs are a universal healthcare
problem, their burden is disproportionately high in LMICs—especially in Africa and Ethiopia. The
consistently elevated prevalence and incidence rates, along with diverse etiological patterns,
highlight the need for context-specific research, targeted IPC interventions, and improved

surveillance.

2.2. Treatment outcome of HAIs

Hospital acquired infections can have a significant impact on patients, both at an individual level
and at the community level. They can lead to longer hospital stays, increased costs of care, and
even death. HAIs can also be linked to the spread of multidrug-resistant infections. (Naj et al.,
2024)Studies conducted worldwide demonstrate that HAIs increase the risk of mortality among
hospitalized patients. A retrospective study at a tertiary infectious disease hospital in Vietnam,
covering January 2011 to December 2013, found a hospital-acquired bloodstream infection
(HABSI) case fatality rate of 36.4% (Dat et al., 2017). Similarly. A cross-sectional study
conducted at Haukeland University Hospital in Norway (2004-2011, follow-up until 2012) found
that patients with HAIs had an adjusted hazard ratio of 1.5 (95% CI: 1.3-1.8) for death within 30
days and 1.4 (95% CI: 1.2-1.5) within one year, compared to those who did not develop HAIs
(Koch et al., 2015).in addition to this, a cohort study in Greece reported a 90-day mortality risk of
1.8 (95% CI: 1.3-2.6) for patients with HAIs and 3.3% , 30 days and 6.1% , 90 days mortality
following hospital admission. (Kritsotakis et al., 2017). also A six-month survey conducted in
South Texas between July and December 2021 reported that the length of stay for patients with
catheter-associated urinary tract infections (CA-UTI) ranged from 19 to 59 days (Ambrosini, 2023)

Additionally, a retrospective cohort study in the intensive care unit of Heraklion University
Hospital in Greece from October 2012 to April 2015 reported a 34.4% mortality rate among 93
adult patients with VAP (Li et al., 2020). HAIs significantly increased the risk of in-hospital death,
need for ICU care, and prolonged hospital stay(Czerniak et al., 2025), The 2019 study conducted

in china demonstrates that hospital-acquired infections are a frequent and serious complication



after intracranial aneurysm surgery, with poor neurological status, invasive procedures, and

prolonged ICU stays being the strongest determinants of risk(Wang et al., 2019)

A large study of over seven million patients admitted to U.S. hospitals reported that SSls contribute
to an additional 2.7 million hospital days annually, increased healthcare costs of approximately
US$9.5 billion, and at least 12,000 in-hospital deaths each year (WHO 2016).

A systematic meta-analysis review found that HAI is associated with a high burden of mortality.
The estimated pooled mortality resulting from HAI in SSA was a concerning 22.2% (95% CI:
14.2-31.4)(Melariri et al., 2024), suggesting that nearly one-quarter of patients who acquire an

HAI may succumb to the infection.

A retrospective cohort study by (Sathaporn and Khwannimit 2023) and a retrospective descriptive
epidemiologic study by Souza et al. (2015) reported high mortality rates associated with HAISs,
approximately 62.5% and 38.4%, respectively. Additionally, a prospective cohort study conducted
in Singapore from June 2015 to February 2016 found that HAIs were linked to an increased length
of hospital stay by 1.68 days (95% CI: 1.15-2.21) and a higher risk of in-hospital mortality
(adjusted hazard ratio [AHR] = 1.32; 95% CI: 1.09-1.65) (Cai et al., 2020).

A retrospective study from Punjab province similarly demonstrated a significantly higher fatality
rate among patients with HAIs compared to those who did not develop HAIs (25.8% vs. 1.2%, p
<0.001) (Mustafa et al., 2022).. A one-year retrospective study conducted in the ICU at St. Louis,
Senegal, reported a 35% mortality rate among patients with HAIs (iedhiou et al., 2023). Similarly,
an observational study in Mauritius found a mortality rate of 50% (Nuckchady, 2021). The
literature consistently highlights that Healthcare-Associated Infections (HAIS) in Africa represent
a disproportionately high burden, resulting in significantly poorer treatment outcomes compared
to developed settings, for instance The pooled mortality rate attributable to HAI in Sub-Saharan
Africa is estimated to be approximately 22.2% (95% CI: 14.2-31.4). This rate is a key indicator
of poor treatment outcome and underscores the life-threatening nature of these infections in

resource-limited settings., (Melariri et al., 2024).

In Ethiopia, limited research has focused specifically on mortality and determinants related to
HAIs. A hospital-based longitudinal study in Adama (February to May 2017) reported a 1%
mortality rate and an additional 6.3 days of hospital stay among patients with HAIs (Chernet et al.,

2020). Similarly, Healthcare-associated infections (HAISs) significantly worsen clinical outcomes,
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including increased mortality, prolonged hospital stays, and higher rates of intensive care
utilization. A longitudinal study from Ethiopia demonstrated that patients who developed HAI had
a significantly higher in-hospital mortality rate7.5% and longer lengths of stay than those without
infection, with HAI being associated with more than twice the risk of death (AOR = 2.23) and an
additional mean hospital stay of over 6 day (Ali et al., 2018)A cohort study at Ayder Hospital in
Mekelle, northern Ethiopia, demonstrated that HAIs increased in-hospital mortality to 14.7% and
extended hospital stay by 8.3 days compared to patients without HAIs (Gidey et al., 2023).in
general, HAIs are not only a clinical challenge but a major source of national loss. In 2022, HAIs
were estimated to cause 52,400 deaths annually in Ethiopia, with a case fatality rate ranging from
4\%to 15\%(Yeshambel et al., 2020).

2.3. Factors associated with treatment outcomes of HAIs

According to a retrospective cohort study done in Spain, factors associated with adjusted risk of
mortality were age, male sex, Charlson comorbidity index, McCabe severity scale, onset of HAI
in the ICU, and BSI(Barrasa-villar et al., 2017) .other Studies also indicate that lower respiratory
tract infections (LRTIs), BSIs, and multiple concurrent infections significantly increase the risk of
death (Koch et al., 2015; Kritsotakis et al., 2017)..

In a study conducted in the United States, VAEs were associated with higher all-cause ICU
mortality and longer hospital or ICU stays. Increased risks for all-cause mortality were also linked
to older age, higher APACHE 11 scores at ICU admission, pneumonia, blood transfusion, use of
immunosuppressive drugs, central-line catheter insertion, and the occurrence of two VAES during
the ICU stay (Zhu et al., 2022). Another chohort study conducted in US also concludes that
inequities associated with structural racism, resource disinvestment in rural regions, and systemic
healthcare imbalances likely contribute to both the incidence of HAIs and the adverse
outcomes(Nickel et al., 2025). A retrospective study done in Barnes-Jewish Hospital, from January
1, 2016, to December 31, 2019, detect that dependent predictors of 30-day in hospital mortality
to be ,vasopressor use (AOR, 2.34; 95 percent Cl, 1.94-2.82), Charlson Comorbidity Index (1-
point increments) (AOR, 1.21; 95 percent Cl, 1.18-1.24), total antibiotic treatment days(Hayley
Motowski, et al, 2019). Similarly, another study identified the APACHE Il score, advanced age,

and the presence of a rapidly lethal underlying disease as independent predictors of 28-day
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mortality (Tsioutis et al., 2016). a retrospective cohort study conducted in Italy find that invasive
procedure is significantly associated with risk of HAI and intern with poor outcome (Guarente et
al., 2024)

Similarly, a registry-based longitudinal study conducted in western Iran found that older age,
ventilator-associated events (VAES), BSIs, and fungal infections were strongly associated with in-
hospital mortality among patients with HAIs (lordanou et al., 2017).the other cross-sectional study
was conducted at two large hospitals in Kerman province, southeast Iran, from 2020 March 21 to
2021 September 21, over 18 months, Comorbid conditions such as diabetes, renal failure, and a
history of surgery have also been shown to exacerbate mortality risk in 1CU-acquired
infections(Kermani et al., 2025). In a prospective cohort study conducted in the Critical Care Unit
of Malaysia from September 2019 to March 2021, several determinants of poor outcome have been
identified. Among ,hospital-acquired bloodstream infections (BSIs), advanced age, infection with
multidrug-resistant (MDR) organisms, and high severity scores ( SOFA) were independently
associated with treatment failure and increased 28-day mortality (Rahatul et al., 2024).Also
multidrug-resistant bacteria, pneumonia, sepsis, cardiovascular disease, and comorbidities to
higher mortality risk (Souza et al., 2015). Similarly a systematic review covering several study
conducted across sub-Saharan Africa show that the high mortality burden from HAIs in Africa is
a result of a synergistic effect between vulnerable patient populations with complex comorbidities,
a hospital environment compromised by inadequate IPC infrastructure and device use, and the
widespread presence of multidrug-resistant Gram-negative bacteria(Melariri et al., 2024)

In Ethiopia, a previously cited cohort study reported that ward type particularly admission to the
ICU was a significant predictor of hospital mortality (Gidey et al., 2023).also another review
confirm that Diabetes mellitus, comorbidities, contaminated wound, history of UTI and history of
admission in ICU were statistically significant clinical predictors of HCAISs related poor treatment
outcome (Gedefie et al., 2025).

There are several studies conducted on the prevalence and risk factors of HAIs worldwide and
various regions of Ethiopia. However there is a scars of comprehensive data on treatment outcome
of multiple HAI and associated factors of poor treatment outcome among patient with HAI across

multiple ward.
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2.4. Conceptual framework

The conceptual framework for this study was developed through a review of relevant literature. It
outlines various factors associated with treatment outcomes in patients with HAIs. These factors
are primarily categorized into sociodemographic factors, treatment-related factors, clinical factors,

and the use of invasive procedures. Additionally, the type of ward is considered as a contributing

@Iinical factor \

factor.
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Treatment outcomes

Figure 1: Conceptual framework for treatment outcomes and associated factors among patients

with hospital-acquired infections.
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3. METHODS AND MATERIALS

3.1. Study area and period

The study was conducted among adult patients hospitalized at Hiwot Fana Comprehensive
Specialized University Hospital (HFCSH) in Harar, Eastern Ethiopia. Harar, the capital city of the
Harari Region, is located 526 km east of Addis Ababa, the capital of Ethiopia, at an altitude ranging
from 1,300 to 2,200 m.

HFCSH is a teaching and public referral hospital affiliated with Haramaya University, serving the
entire eastern part of the country. It is the oldest hospital in Ethiopia, originally built during the
Italian occupation (1928-1933). The hospital provides services to approximately 370,000-400,000
patients annually and has about 800 beds. It comprises various wards and specialized units,
including pediatrics, surgery, gynecology, oncology, psychiatry, and other clinical services
(Nigussie et al., 2022). The study was conducted from 1 February 2024 to 30 April 2024.

3.2. Study design
A hospital-based prospective longitudinal study design was employed.
3.3. Population

3.3.1. Source population
All adult patients admitted to HFCSUH between February 1, 2024, and April 30, 2024,

3.3.2. Study population
All adult patients admitted to HFCSUH from February 1, 2024, to April 30, 2024, who met the

inclusion criteria were considered for the study.
3.4. Inclusion and exclusion criteria

3.4.1. Inclusion criteria.
All patients hospitalized in the gynecology/obstetrics, medical, or surgical wards who stayed for

at least 48 hours, or were readmitted within 30 days of surgery or within 3-5 days, were included.

3.4.2. Exclusion criteria
» Patients who were discharged against medical advice
» Those who were refused to participate /unable to communicate
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» Those who were referred to other hospitals
3.5. Sample size determination

Sample sizes for the outcome variable and associated factors were calculated using the single-
population proportion formula. For the treatment outcomes, a 50% prevalence of poor treatment
outcomes(Nuckchady, 2021), a 5% margin of error, and a 95% confidence interval were

considered in determining the sample size

Za*P(1-P)

—_2
n= 72

Where;

n=sample size

d= margin of error = 0.05

Z = value of the standard normal distribution (Z-statistic) at 95% confidence level (z=1.96).
P = proportion of poor treatment outcome (mortality rate) = 0.5

Using this information, the sample size was calculated as follows:

(1.96)%(0.5)(0.5) _
Toosr 384

After adding for a 10% non-response rate, the final sample size was 422.
3.6. Sampling Technique and procedure

Using data from 2015 E.C. from the HMIS unit of HFCSUH, which provided baseline information
to estimate the total number of admissions per ward each quarter, the total sample size of 422 was
allocated proportionally as follows: gynecology/obstetrics ward (220 patients: 163 from obstetrics
and 57 from gynecology), surgery ward (84 patients), and medical ward (118 patients, including
59 from internal medicine). The sampling frame was constructed by using the total number of
beds with their respected bed number in each study ward by assuming 80% occupancy rate to
determine the number of beds to be followed through ought the study period to achieve the
allocated sample size for each ward. Subsequently, a sampling interval of K = 2 calculated from
sampling frame. Then after, the first eligible study unit was selected randomly from the first room,
irrespective of the study unit. The remaining eligible participants were chosen using systematic
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random sampling by piking every two eligible patient’s bed. If a selected participant was unwilling

to participate, the previous eligible patient was included as a replacement.
3.7. Data collection method

3.7.1 Data collection instrument
An organized form of questionnaire was designed based on an earlier related study to be filed by
data collectors both by patient interview and and from patient’s medical record (Tassew et al.,

2020), with all necessary adjustments made.

3.7.2 Data collectors and supervisors
Three nurses from each study ward at HFCSUH collected the data. During the data collection

period, one doctor and one senior clinical pharmacist monitored the process.

3.7.3 Data collection procedure

Prior to data collection, written informed consent was obtained from each eligible participant. Data
collectors administered the questionnaire using a standardized approach, ensuring that all
responses were recorded accurately and completely. Each patient was reviewed from admission
and daily throughout their inpatient stay for new medical records. Data entries were checked for
accuracy and completeness, and completed questionnaires were securely stored until data entry

was finalized.
3.8. Study variables
3.8.1. Dependent variable:
Treatment outcome
3.8.2. Independent variables
Sociodemographic factors: - Age, Sex, Occupation, Marital status, Residences, Educational level

Clinical factors: ward type, presence of chronic disease (comorbidity), length of hospital stay,

type of HAI, and Charlson comorbidity index,

Treatment related factors: use of antibiotic, immunosuppressive drugs, and use of inotropes.
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Procedure-related factors: exposures to invasive devices (urinary catheter, central intravascular
catheter, peripheral intravascular catheter, and mechanical ventilator), patient undergoes surgery,

type of surgery

3.9. Operational definition

> Incident of HAI: Occurrence of infection after 48 hours of hospitalization in a patient who
did not have symptomatic or dormant infection on admission (Horan et al., 2008).
> BSI: Presence of any of the following signs and symptoms—fever (>38 °C), chills/rigors,
or hypotension—along with at least one positive blood culture not related to contamination.
> Device-Associated Infections (DAI): Subset of HAIs that occur in patients with
indwelling medical devices. Defined according to CDC/NHSN surveillance criteria:
> HAP: Development of respiratory symptoms with at least two signs (e.g., cough, purulent
sputum) and a new infiltrate on chest radiograph consistent with infection during
hospitalization.
> Healthcare-Associated Infection (HCAI): Any infection acquired during the course of
receiving healthcare in a hospital setting, including those linked to invasive procedures,
medical devices, or prolonged hospitalization. This encompasses both device-associated
infections and other nosocomial infections.
> Invasive Procedure: Any medical or surgical intervention that involves entering the body,
typically by cutting the skin, inserting instruments or devices, or accessing body cavities.
> SSI: Development of purulent discharge, abscess, or spreading cellulitis at the surgical site
within 30 days after the procedure.
> Prior antibiotic use: Prior antibiotic use refers to any systemic antimicrobial therapy
administered to an inpatient before the date and time a hospital-acquired infection (HAI)
is first clinically suspected or microbiologically confirmed during the current admission.
> Urinary Tract Infection (UTI):
% Mid-stream urine cultures with >10°> CFU/ml, or catheter urine with >10?> CFU/ml,
with no more than two species isolated, OR
< Positive dipstick for leukocyte esterase, OR
< Pyuria (>10 WBCs/high-power field) from clean-catch urine, with or without signs
and symptoms, regardless of recent catheterization.
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> Treatment Outcomes of HAI: Classified as good or poor.
< Good treatment outcome: Patients with a short hospital stay who were discharged
with improvement.
< Poor treatment outcome: Patients who died in-hospital or experienced a
prolonged hospital stay.
> Short Hospital Stay: Hospital stay equal to or below days 75" Percentile  jength of stay of
the study population(14day) (Mengistie et al., 2022).
> Prolonged Hospital Stay: Hospital stay longer than the days 75" percentile length of
length of stay of the study population (Mengistie et al., 2022).
> The Charlson Comorbidity Index (CCI) was categorized as mild (1-2) or moderate-to-
severe (>3), with conditions weighted as 1 point for myocardial infarction, heart failure,
peripheral or cerebrovascular disease, dementia, chronic pulmonary or connective tissue
disease, ulcer disease, diabetes without end-organ damage, or prior seropositive rheumatic
disease; 2 points for diabetes with end-organ damage, renal disease, any non-metastatic
tumor, or mild liver disease; 3 points for hemiplegia, moderate/severe renal disease, or
AIDS; and 6 points for metastatic solid tumor, moderate/severe liver disease, leukemia,

lymphoma, or metastatic cancer (Wei et al., 2023).

3.10. Data quality control

Before data collection, data collectors and supervisors received comprehensive training on the
study protocol, data collection tools, ethical considerations, interview techniques, and data quality
control procedures was given for two consecutive days . A pre-test was conducted on 5% of the
calculated sample size at Jugal General Hospital, and necessary adjustments like, removing
variables which is not valuable to meet objective and those complete data cannot be occurred were
made based on the findings. The principal investigator and designated supervisors regularly
monitored and supervised data collection activities. Data collectors were available for consultation

and clarification of any questions or issues throughout the study period.
3.11. Data processing and analysis

The collected data were coded and cleaned using Epi Info version 7.2.5, then exported to SPSS

version 27 for analysis. Quantitative variables were summarized using means and standard
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deviations (SD), while categorical variables were presented as proportions and percentages.
Bivariate and multivariable logistic regression analyses were performed to identify factors
associated with HAIs. Variables with a p-value <0.25 in the bivariate analysis were included in
the multivariable model. The Hosmer-Lemeshow test was used to assess model goodness-of-fit,
and results indicated a good fit (p > 0.05). Multicollinearity among independent variables was
assessed using the Variance Inflation Factor (VIF), with no variables exceeding a VIF of 5. The
strength of associations between the outcome and independent variables was expressed as odds
ratios (OR) with 95% confidence intervals (Cl). Variables with a p-value <0.05 in the multivariable

analysis were considered statistically significant.”
3.12. Ethical consideration

Ethical approval was obtained from the Haramaya University, College of Health and Medical
Sciences Institutional Health Research Ethics Review Committee (IHRERC; Ref. No.
IHRERC/005/2024). An official letter of cooperation was submitted to the HFCSUH medical
director to obtain access to patient medical records and facilitate other research activities. Written
informed consent was obtained from each participant after explaining the study’s purpose,
benefits, and potential risks. Confidentiality was maintained by removing names and other
identifiers from data collection tools and using unique codes. Data were stored securely and used

solely for the purposes of this study.
3.13. Information dissemination plan

This study will be accessible to HFCSUH, Haramaya University’s School of Pharmacy, and other
students or researchers for educational and research purposes. Findings are also planned to be

published in peer-reviewed international journals to maximize accessibility.
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4. RESULT

4.1 Socio-demographic characteristics of patients

A total of 422 patients participated, of whom 314 (74.4%) were female. 168 (39.8%) of the
participants were between the ages of 18 and 30, with a mean age of (37.18)
+14.515.220.(52.1%)of participant were from Gyni/OBS ward .(Table 2).

Table 1: Socio-demographic characteristics of patients admitted to HFCSUH from February 1,
t030 April 2024.

Variables Category Frequency Percentage (%0)
Sex Male 108 25.6
Female 314 74.4
Age (in years) 18-30 168 39.8
31-40 113 26.8
41-50 70 16.6
51-60 29 6.90
>60 42 10.0
Gyn/OBS 220 52.1
Admitted wards ICU 55 13.0
Medical 63 14.9
Surgical 84 19.9

4.2 Clinical characteristics of patients

The mean duration of hospitalization among the study population was 11.00 + 5.023 days. The
urinary catheter was inserted in 94 (22.3%) of the patients, a nasogastric tube in 31(7.30%) of the
participants, and only 22 (5.20%) of the participants were on mechanical ventilation. Around
45(10.7%) of the participants had a history of use of inotropes, and 126 (29.9%) received
immunosuppressive agents. Regarding comorbid conditions, 90 (21.3 %) of participants had
Charlson Comorbidity Index (CCI) > 3, and nearly one-fourth, 110 (26.1%) of participants had a
known chronic comorbid condition. Only 29 (6.90 %) participants had two or more comorbid
conditions. Chronic heart failure 44 (10.4 %), diabetes mellitus (DM) 37 (8.80 %), and

hypertension 29 (6.9 %) were the predominant comorbidities (Figure 2).
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Figure 2: Comorbid conditions of patients admitted to HFCSUH from February 1, 2024, to April

30, 2024,

4.3 Prescribed medications

Around 288 (68.2%) of participants received antibiotics before a diagnosis of HAI. Metronidazole

was the most frequent antibiotic received by 229 (54.3 %) of participants, which was followed by
Ceftriaxone 222 (52.6 %) and Ceftazidime 91 (21.6%) (Table 3).

Table 2: Antibiotics given before the diagnosis of HAI for patients admitted to HFCSUH in
Harar, eastern Ethiopia.from February 1, 2024, to April 30, 2024,

Type of antibiotics Frequency Percentage (%0)
Metronidazole 229 54.3
Ceftriaxone 222 52.6
Ceftazidime 91 21.6
Vancomycin 66 15.6

Ampicillin 20 4.7

Cefepime 8 1.9
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Others* 40 95

Others*: azithromycin, doxycycline, ciprofloxacin, carbapenium cephalexin
4.4 Incidence and identified types of HAIs

Out of 422 individuals, 99 (23.5%) were diagnosed with a HIA during their stay at the hospital.
BSI was the most frequent HAI, accounting for 37 (37.4%) of all HAIs, followed by HAP 35
(35.4%), and UTI 19 (19.2%). Only 8(8.1%) were developed SSI (Figure 3).

TYPE OF HAI

HBSI HHAP mUTI ®ESSI

Figure 3: The type of HAI identified among patients admitted to HFCSUH from February 1, 2024,
to April 30, 2024, in Harar, eastern Ethiopia.

4.5 Treatment outcomes of study participant

Of 422 participant 89 (21.1%) patients experienced poor treatment outcomes. Among the 99
patients diagnosed with HAIs, 50.5% (95% CI: 40.3-60.7) had poor outcomes. The overall in-
hospital mortality rate was 19 (4.5%), however, it is as high as 8 (8.1%) among patients who
developed HAIs (Figure 4). The mean duration of hospitalization identified to be 10.36 +4.996
and 13.09+4.540 days among patient without HAI and patient with HAI respectively. (Table 4).
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Table 3: Treatment outcome of participants with HAI among patients admitted to HFCSUH in
Harar, Eastern Ethiopia, from February 1, 2024, to April 30, 2024.

Variables Frequency Percent
Hospital mortality 19 4.5
Hospital mortality among those who develope HAIs 8 8.1

Mean duration of hospitalization among patients who 10.36 £4.996
don’t developed HIAs (Mean and SD)

duration of hospitalization among patientswho 13.09+4.540
developed HAIs (Mean and SD)

TREATMENT OUTCOME OF HAI

poor treatment dood treatment

outcome outcome
50.5% 49.5%

= GOOD = POOR

Figure 4: Treatment outcome of HAI among those patients admitted to HFCSUH, in Harar,
Eastern Ethiopia from February 1, 2024, to April 30, 2024.

22



4.6 Factors associated with treatment outcomes of HAIs
4.6.1 Bivariate analysis

Bivariate logistic regression was performed for all independent variables, and those variable with
a p-value < 0.25 were included in the multivariate logistic regression. The variables selected for
multivariate analysis were use of immunosuppressive therapy, CCI > 3, type of HAI, use of

antibiotics prior to HAI diagnosis, and undergoing an invasive procedure (Table 5).
4.6.2 Multivariate analysis

Multivariate logistic regression showed that a CCI score > 3 (AOR = 3.45; 95% CI: 1.02-11.57),
bloodstream infection (AOR 4.57(1.06, 19.7)*), use of antibiotics before HAI diagnosis (AOR =
3.92; 95% ClI: 1.18-13.06), and undergoing an invasive procedure (AOR, 3.69(1.15, 11.9)*) were
significantly associated with poor treatment outcomes (Table 5).

Table 4: bivariate and multi variant logistic regression for factors associated with the treatment
outcome of participants with HAI among patients admitted to HFCSUH in Harar, Eastern Ethiopia,
from February 1, 2024, to April 30, 2024.

Variables Treatment COR AOR
outcomes of HAIs
Good Poor
CClI <3 24 7 1 1
>3 25 43 5.90(2.22, 15.64)**  3.45(1.02, 11.6)*
Type of HAIs UTI 13 6 1 1
HAP 24 11 0.99(0.30, 3.30) 1.02(0.24, 4.304)
SsI 4 4 2.17(0.40,11.74)  4.1(0.50, 33.03)
BSI 8 29 7.85(2.26, 27.26)*  4.57(1.06, 19.7)*
Use of immunosuppressive  No 31 25 1 1
therapy Yes 18 25 1.72(0.77, 3.84) 1.49(0.52, 4.33)
Use of antibiotics before No 42 29 1 1
diagnosis Yes 7 21 7.04 (2.66, 16.66)*  3.92(1.28, 13.1)*
Performed invasive No 42 23 1 1
procedures Yes 7 27 7.04 (2.66, 16.7)**  3.69(1.15, 11.9)*
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value

0.045

0.982
0.190
0.042

0.46
0.026

0.029



Hosmer-Lemeshow goodness of fit test model was fitted with a P-value of; 0.886 *P <0.05, **P<0.001,
AOR: adjusted odds ratio, CC: Charlson comorbidity index, COR: crude odds ratio, BSI: bloodstream
infection, HAP: hospital-acquired pneumonia, SSI: surgical site infections, UTI: urinary tract infections
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5. DISCUSSION

This study assessed treatment outcomes and associated factors among adult patients with hospital-
acquired infections at HFCSUH. Nearly 25% of patients admitted to four HFCSUH units in the
present study developed HALI, and 50.5% (95% CI: 40.3-60.7) of patients who did so experienced
poor treatment outcomes. Antibiotic use before HAI diagnosis, invasive procedures, BSI, and CCI
> 3 are statistically significant factors associated with poor treatment outcomes.

This study found that 50.5% of participants with HAI had a poor treatment outcome, a higher
proportion than reported in studies from Norway(4.7%) (Koch et al., 2015) and Greece
(3.3%)(Kritsotakis et al., 2017). Several factors may explain this disparity,both previous studies
were conducted in high-income countries, while this study was conducted in a low-income
country, where weaker healthcare systems and limited access to advanced treatment options

contribute to a higher burden of communicable disease—related deaths (Africa CDC, 2024).

8.1% mortality rate observed in current study among patients who developed HAIs is somehow
higher than the study conducted in Ethiopia at Adama Hospital Medical College (1%) (Chernet et
al., 2020). However, it was lower than studies done in Ethiopia at Tigray (14.7%) (Gidey et al.,
2023), and in Saudi Arabia (33.3%) (Badger-Emeka et al., 2023). Variation in type of in
comorbidities, antimicrobial resistance patterns, and sample size difference may also have

contributed to the observed variation.

A higher CCI CCI score > 3) score was a strong predictor of poor outcomes. With 3.45 AOR,in
the current study and This finding was aligns with previous studies: at Washington University,
mortality from ventilator-associated pneumonia increased with each 1-unit increment in CCI
(Motowski et al., 2019); in Spain, CCI scores of 3—4 (AHR = 3.09, 95% CI: 1.24-7.24) and >5
(AHR = 4.02, 95% CI. 1.68-9.60) were significantly associated with poor outcomes (Barrasa-
Villar et al., 2017); and in Australia, higher CCI scores were also associated to increased risk
(COR =1.83, 95% CI: 1.47-2.28) (Tabah et al., 2023). The cumulative burden of comorbidities
including their number, type, and severity has consistently been shown to influence mortality risk
(Dhakal et al., 2020; Divo et al., 2017). Age further compounds this risk, as patients > 50 years
receive additional CCI points; in the present study, half of those with CCI > 3 were aged > 51

years, reinforcing the established evidence that mortality is higher among older adults.
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BSI was also found increased the odds of poor outcomes by 4.57-fold. This finding is consistent
with studies done in Norway (Koch et al., 2015), in Iran (lordanou et al., 2017), and Spain, where
BSI was associated with poor outcomes (AHR = 2.49, 95% CI: 1.64-3.81) (Barrasa-Villar et al.,
2017). The high mortality risk associated with BSI is largely explained by its complications, severe
sepsis and septic shock, which can progress to multiple organ failure and are reported to carry

mortality rates of 50-60% among elderly patients.

The study found that patients who underwent an invasive procedure (AOR = 3.69; 95% CI: 1.15—
11.9) were 3.69 times more likely to experience poor treatment outcomes. This finding is
consistent with evidence from Serbia, where intubation was strongly associated with poor
outcomes (OR = 6.7; 95% CI: 2.74-16.37; p < .001) (Despotovic et al., 2020), as well as studies
conducted in Pakistan (Mustafa et al., 2020), (and the United States (Zhu et al., 2022). The use of
invasive devices facilitates the transmission of healthcare-associated infections, particularly those
caused by resistant organisms. Mortality in patients with invasive devices has been reported to be
up to four times higher compared to those without such devices (Nuckchady et al., 2021), and

infections with resistant pathogens may further double the risk of death (Navasardyan et al., 2016).

In this study, prior antibiotic use (AOR = 3.92; 95% CI: 1.18-13.06) was another significant
factor, with affected patients being nearly four times more likely to experience poor outcomes.
Similar findings were reported at Washington University, where mortality from ventilator-
associated pneumonia increased with each additional day of prior antibiotic exposure (Motowski
etal., 2019), and in Italy, where receipt of empirical antibiotic therapy before HAI diagnosis (OR
= 6.4; 95% CI: 2.3-17.6) was independently associated with poor outcomes (Mario et al., 2015).
This association may be explained by the emergence of resistant pathogens following prior

antibiotic exposure, which complicates treatment and reduces available therapeutic options.
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6. CONCLUSION AND RECOMMENDATION

6.1 Conclusion

This study demonstrated that half of the patients with hospital-acquired infections experienced
poor treatment outcomes. Factors significantly associated with adverse outcomes included a
Charlson Comorbidity Index (CCI) score >3, bloodstream infections, prior antibiotic use before
HAI diagnosis, and undergoing invasive procedures. These findings highlight the combined
influence of comorbidities, infection type, and treatment practices on patient prognosis,
underscoring the urgent need for targeted interventions to reduce mortality and improve recovery

among hospitalized adults.
6.2 Recommendation

Based on the present findings, targeted interventions should focus on patients with identified risk
factors for poor treatment outcomes, including those with high CClI scores, bloodstream infections,

invasive procedures, and prior antibiotic exposure.

» Enhanced screening and monitoring of high-risk patients — Patients with CCI > 3 and
older adults should undergo closer clinical monitoring and early intervention to prevent
poor outcomes. Comprehensive management of comorbidities may reduce complication

rates and improve outcomes.

» Strengthened infection prevention and control (IPC) measures — To reduce the risk of
bloodstream infections and device-related complications, especially in gynecology/OBS
ward where devise associated infection is common, strict adherence to aseptic techniques
during invasive procedures is essential. Routine assessment of device necessity and prompt

removal when no longer indicated should be standard practice.

» Optimized antibiotic stewardship — Rational antibiotic prescribing is critical to prevent
the emergence of resistant pathogens. This includes adherence to hospital antibiotic
guidelines, culture-based therapy, and regular review of antibiotic regimens to minimize

unnecessary exposure.
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> Early diagnosis and aggressive management of sepsis — Given the high mortality
associated with BSI-related sepsis, rapid diagnostic testing and timely initiation of

evidence-based sepsis management protocols should be prioritized.

» Capacity building in healthcare systems — Improving diagnostic capacity, ensuring
access to essential antimicrobials, and strengthening staff training in IPC and antimicrobial

stewardship can substantially improve patient outcomes.
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7. STRENGTHS AND LIMITATIONS

The single-center design at HFCSUH may limit the generalizability of the findings to other
hospitals or regions in Ethiopia. And a prospective study make difficult to detect causal
relationships between risk factors and poor treatment outcomes. Fifth, limited microbiological data
prevented detailed characterization of pathogens and resistance patterns. Finally, socioeconomic
factors and other contextual issues were not addressed and warrant further study. Despite these
limitations, this study included all types of HAIs across multiple wards, providing a comprehensive

assessment of treatment.
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ANNEX I: Questionnaires

S. | Variables Response Skip/Re
No mark
Part 1: Socio-demographic factors
1 | Sex A. Male

B. Female
2 | Age (yrs)
3 | Residence A. Urban

B. Rural

PART Il1: -CLINICAL CHARACTERISTICS OF PATIENT

11 | Underlying diseases (more than one
answer is possible)

A. Diabetes mellitus  B. Cardiac disorders
C. Chronic renal failure
D. Severe malnutrition
F. TB G. Chronic liver disease
I. HIV/AIDS

J. Others (specify)

E. Hypertension

H. Cancer

12 | Charlson comorbidity index

A.0 B.1 C.2 D.3 E>4

PART IV: Treatment outcomes

13 | Outcomes

A. Discharge with improvement
B. Died

PART V: Type of site-specific HAI

14 | Site of infection

A. Pneumonia
B. Urinary tract infection
C. Surgical site infections

D. Antibiotic induced Diarrhea

35




E. Joint and bone infection
F. Blood stream infection (Sepsis, Meningitis)

G. Other, specify

PART VI: Treatment related factors

15 Antibiotic given (full regimen)
pes
16 Change of antibiotics after
diagnosis of HAI. (Full
regimen)
17 Use of steroids A. Yes
B. No
18 Use of chemotherapy A. Yes
B. No
19 Use of anti-retroviral drugs A. Yes
B. No
20 Patient starts inotropic A. Yes
B. No
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Date of birth: - 18/10/81 E.C

Place of birth: - Addis Ababa

Sex: - Female

Telephones: - 0910097913
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Nationality: - Ethiopian

2. Education Background

Medhaniyalem primary school Addis Ababa Ethiopia 1-8
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Graduated from Haramaya University with B.SC Degree In Clinical pharmacy on 6th July, 2013
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3. Work Experience
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4 Language skill

Language Speak
Ambharic Yes
English Yes
Oromifa Yes
Computer SKill

Basic computer skill and Mendeley, good at browsing internet, typing, etc

Social skill: out going, working in team, organizational and motivational skill, good

Listen
Yes
Yes

Yes

communication skill and eager to help others.
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Yes
Yes

No

Write
Yes
Yes

No
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