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ABSTRACT

Background: Hospital-acquired pneumonia is a serious and potentially life-threatening
infection that can occur in patients who have been hospitalized, particularly in the intensive
care unit. It can be caused by various patient and healthcare-related factors, which include
modifiable and non-modifiable risk factors. Hospital-acquired pneumonia is associated with
significant morbidity and mortality, as well as a prolonged hospital stay and a significant
financial burden on healthcare systems.

Objective: The main aim of the study was to assess the prevalence and associated factors of
hospital-acquired pneumonia in the adult intensive care unit at St. Paul’s Hospital
Millennium Medical College from July 2023 to January 2024.

Methodology: A cross-sectional study was conducted in the adult intensive care unit at St.
Paul’s Hospital Millennium Medical College from July 2023 to January 2024. A total of 247
patients were included using a purposive sampling technique, wherein all patients who met
the inclusion criteria and did not meet the exclusion criteria during the study period were
enrolled. Binary and multivariable logistic regression analyses were performed to identify
predictors of the prevalence of HAP in the ICU

Result: The prevalence of hospital-acquired pneumonia in this study was 26%, which is
higher than rates seen in developed nations but consistent with prior studies in Ethiopia.
Several risk factors were identified, including advanced age, neurological abnormalities,
prior hospital stays, mechanical ventilation, immunosuppressant use, patient transport, and
blood transfusions. This data highlights the substantial burden of HAP among critically ill
patients at this facility.

Conclusion & recommendation: The study found a hospital-acquired pneumonia
prevalence of 26%, highlighting a significant burden among critically ill patients. Health
professionals should implement infection prevention bundles and enhance precautions.
Policymakers must prioritize patient safety through regular education. Further research is
needed to assess HAP's long-term impact in Ethiopia, guiding improved patient care
strategies.

Keywords: HAP, ICU, prolonged hospital stay, SPHMMC, Ethiopia
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1. INTRODUCTION

1.1. Background

According to ATS guidelines, hospital-acquired pneumonia (HAP) is a type of pneumonia
that is diagnosed after a patient has been in the hospital for 48 hours or longer and was not
present or incubating at the time of admission. Of nosocomial pneumonia, ventilator-
associated pneumonia specifically refers to the infection that develops in patients who have
been admitted to an intensive care unit and have been intubated for 48 hours or more (1). The
pathogenesis of HAP is dependent upon the number and virulence of microorganisms
entering the lower airways and the patient’s immune, mechanical, humoral, or cellular
reactions. The primary way of transmission of a pathogen into the airways is most commonly
by microaspiration of microbes colonizing the oropharyngeal region or the upper
gastrointestinal tract, or by droplet infection from the environment. (2,3) Studies have shown
that various patient and healthcare-related factors are associated with an increased risk of
developing HAP; these can be modifiable and non-modifiable risk factors, including
mechanical ventilation, bronchoscopy, intolerance to enteral nutrition, immunosuppression,

critical illness, and exposure to antimicrobial agents. (4-6)

Both ventilator-associated and non-ventilator HAP in intensive care unit (ICU) patients are
linked to serious health risks and hold a significant mortality and morbidity risk, with a
higher 30-day readmission rate for those who survived and got discharged. (7),(8) The
outcome of HAP is affected by multiple factors, including the underlying illness, etiology,
and choice and duration of antibiotic initiation (5). According to various studies, patients
who develop Ventilator associated pneumonia (VAP) tend to have longer durations of
mechanical ventilation and hospitalization compared to those without VAP. Moreover, the
economic cost of VAP has been estimated to be around $40,000 per patient in the United
States (9,10). Due to the significant health risks and financial costs associated with VAP,
preventing this type of pneumonia has become a major goal for many infection control

programs. (11)



1.2. Statement of the problem

The prevalence of ventilator-associated pneumonia (VAP) is often used as a measure of the
safety and quality of care for critically ill patients who have been admitted to the ICU (12,13).
HAP is typically the result of bacterial infections and ranks as the second most prevalent
healthcare-associated infection in the United States. This condition carries a high risk of both
mortality and morbidity (14). On average, the occurrence of HAP results in an extended
hospital stay of approximately 7 to 9 days per patient, and it has been reported to incur an
additional cost of over $40,000 per patient (15—17). While HAP is not a disease that hospitals
are required to report, the available data indicates that it arises at a frequency of around 5 to
10 cases per 1,000 hospital admissions. However, this rate can increase significantly in
patients who are undergoing mechanical ventilation, with the incidence possibly rising by as
much as 6-20 times (5,15,18). Though limited studies are done in the African setting,
available literature indicates that the prevalence is significantly higher in studies done in

Libya and Egypt (19-21)

According to the ATS, HAP makes up a significant portion of ICU infections, accounting for
as much as 25% of them, and is responsible for more than 50% of the antibiotics prescribed.
VAP affects 9-27% of patients who require intubation. In ICU patients, almost 90% of HAP
cases happen during mechanical ventilation, and the risk of VAP increases with the duration
of ventilation. The risk of VAP is highest in the early stages of hospitalization, with an
estimated daily incidence of 3% during the first 5 days of ventilation, 2% during days 5-10 of
ventilation, and 1% after this period. Since most mechanical ventilation is short-term,
approximately 50% of all VAP episodes occur within the first 4 days of mechanical

ventilation. (1)

In the ICU, HAP is linked to a mortality rate of approximately 20%. (22). However, the
mortality that can be directly attributed to HAP is estimated to be between 5 and 13%. (22).
In certain populations, such as patients with chronic obstructive pulmonary disease (COPD),
the mortality that can be specifically attributed to HAP is likely to be even higher. (23). For

some other populations, such as trauma patients, HAP appears to have a relatively minor



impact on mortality. (23). While the precise impact of HAP on mortality is a topic of ongoing
debate, it is nonetheless associated with increased morbidity due to factors such as prolonged
mechanical ventilation (or a decrease in ventilator-free days), longer stays in the ICU, and
extended hospital stays in general. (23). As a consequence, HAP leads to a significant
overuse of healthcare resources such as mechanical ventilation, ICU and hospital beds, and
other related resources. Furthermore, it is associated with increased costs related to hospital

stays, which can be substantial. (24).

Various measures were taken in different setups across the globe to prevent the burden and
consequence of HAP in the ICU, among which is the "Pneumonia Zero" project, which was a
national intervention aimed at preventing ventilator-associated pneumonia in Spanish ICU
patients. It involves the simultaneous implementation of a set of evidence-based measures
known as a bundle and has been successful in significantly reducing the incidence of VAP in
Spanish ICUs. The implementation of the bundle measures that were included in the
"Pneumonia Zero" project resulted in a significant reduction of over 50% in the incidence of
ventilator-associated pneumonia in ICUs across Spain. This reduction was maintained for a

period of 21 months after the implementation of the measures. (25)

This cross-sectional study aims to determine the prevalence and associated factors of HAP in
the SPHMMC adult ICU due to its impact on patient outcomes, healthcare costs, and quality
of care. It will help develop effective strategies for preventing and controlling HAP, leading

to improved patient outcomes and reduced costs.

1.3 Significance of the study

This study aimed to assess the prevalence and associated factors of HAP in patients admitted
to the adult ICU at SPHMMC, as there are only a few studies done in our country on this
issue. Furthermore, it is the first study conducted in our hospital, and it may serve as a
springboard for future research. Moreover, the study's findings will be used as a foundation
and guide for the hospital to develop institution-based interventions as well as an initiative
for national policymakers to adopt best practices in the country at large. This will ultimately
improve the quality of health care, decrease health care costs, and decrease HAP-related

morbidity and mortality in patients admitted to the ICU.



2. LITERATURE REVIEW

2.1. Prevalence of HAP in the ICU

The prevalence of ICU-acquired pneumonia, particularly VAP, has notably decreased in
recent years, possibly as a result of the widespread adoption of preventive bundles.
Nevertheless, determining the precise prevalence of HAP and VAP is challenging due to
various reasons, such as variations in definitions and their use, diagnostic constraints,
differences in the methods of microbiological sampling, and diverse monitoring systems in
different countries. Incidence rates vary considerably based on the populations under study.
(26,27) The occurrence rate of HAP in high-income settings ranges from 6 to 8.6 cases per
1000 admissions, whereas it is much higher in low-resource settings. (23,28) The ICU has
the highest occurrence of HAP, with 12-29% of patients affected, and out of this number,
90% are VAP. (28) HAP is responsible for over 50% of the antibiotics prescribed in the ICU,
and the majority of HAP cases in the ICU occur during mechanical ventilation, making up
nearly 90% of cases. The risk of VAP, which increases with the duration of mechanical
ventilation, is highest during the early days of a patient's hospital stay, with daily incidence
rates estimated at 3% during the first 5 days of ventilation, 2% per day between days 5 and
10 of ventilation, and 1% per day after day 10. (1)

In a prospective observational study done on 27 ICUs in nine European countries in 2006, the
prevalence rate of VAP was 18.3 cases per 1000 ventilator days, with the diagnosis being
made within the first 10 days of ICU admission in 89.1% of cases. HAP had a prevalence
rate of 8.1% and VAP was 18.0%. The most common indications of nosocomial pneumonia
were a decrease in oxygen levels, changes in respiratory secretions or purulence, and a new
rise in temperature. A minimum of three criteria from the Clinical Pulmonary Infection Score
(CPIS) were present in 77.9% of patients, but only 0.2% of patients met all six CPIS criteria.
(23).

Reviews undertaken by the WHO indicate that the prevalence of healthcare-associated
infections (HAI) in Africa is significantly higher than that in developed countries. However,
there is limited information available on the endemic burden of HAI in Africa. (19) In a

study done in general hospitals in Tripoli, Libya, during the period from February 2018 to



October 2019, a total of 109 patients were admitted. Among them, 94 cases (86.2%) were
diagnosed with ventilator-associated pneumonia (VAP), while only 15 patients (13.7%) were
diagnosed with hospital-acquired pneumonia (HAP). The onset of pneumonia varied among
the cases after admission. A large proportion of patients in the ICUs had indwelling devices,
including almost 75 patients with endotracheal intubation or tracheostomy (68.8%), 66
patients with nasogastric intubation (60.5%), and 70 patients with urinary catheterization
(64.2%) (20). A separate study, performed at the Suez Canal University Hospital's ICU
department in Ismailia, Egypt, between May and August 2013, revealed that 89% of patients
had ventilator-associated pneumonia (VAP) and 11% had hospital-acquired pneumonia

(HAP). The average age of the patients was 63.8 +/- 10.47 years. (21)

There is a paucity of literature when we come to Ethiopia regarding HAP in the adult ICU
setup. The overall prevalence of healthcare-associated infection was estimated based on 18
studies involving 13,821 patients, according to a systematic review and meta-analysis of the
available literature on HAI from various parts of the country. The combined prevalence was
found to be 16.96%. The most common types of healthcare-associated infection were
surgical site infection (39.66%), urinary tract infection (27.69%), bloodstream infection
(19.9%), dual infections (involving both surgical site and urinary tract infections) (14.01%),
and respiratory tract infection (13.51%). Subgroup analysis revealed that the highest
prevalence was observed in surgical, gynecology, and obstetrics wards, with a prevalence
rate of 22.42%. (29) A cross-sectional study was conducted prospectively at Zewditu
Memorial Hospital, covering the period from March 1, 2017, to August 30, 2017. The study
included medical, pediatrics, gynecology and obstetrics, and surgical wards and found that
the prevalence of healthcare-associated infections (HAIs) was 19.8%. Among the infections,
surgical site infection (SSI) and pneumonia were responsible for 20 cases (24.7%) and 24

cases (29.6%), respectively. (30)

2.2. Associated factors of HAP in the ICU

In the intensive care units, patients are exposed to various factors that can lead to hospital-
acquired pneumonia, with ventilator-associated pneumonia being a specific type. The risk

factors for developing VAP are present in patients from the day of their admission to the unit



and are linked to their underlying medical conditions and the invasive procedures they

undergo. (31)

A study conducted at St. Luke District Hospital in Tarnéw between 2010 and 2014 revealed
that prolonged mechanical ventilation was a major determinant of VAP. This study’s finding

also depicts that reintubation, tracheostomy, and bronchoscopy were significant risk factors

for developing VAP. (31)

A retrospective cohort study in Korea found that HAP was associated with several well-
known risk factors, including older age, male sex, pre-existing lung diseases such as asthma,
chronic obstructive pulmonary disease, and chronic lower airway disease, as well as tube
feeding, suctioning, positioning, mechanical ventilation, and intensive care unit admission.
The study also found that poverty, general hospitals, a higher bed-to-nurse ratio, a higher
number of beds per hospital room, and wards with caregivers were related to the incidence of

HAP. (32)

In 2018, a retrospective cross-sectional study was conducted in the adult intensive care unit
of Tikur Anbessa Specialized Hospital in Addis Ababa, Ethiopia. The study found that out of
164 patients, 40 (24.3%) developed VAP. The study identified several factors associated with
the development of VAP, including tracheostomy, re-intubation, admission to the medical
ICU, coma, transportation out of the ICU, and continuous use of IV sedation. (33) Another
retrospective follow-up study conducted in Bahir Dar Specialized Hospital in 2021, found
that approximately 25% of participants developed VAP. The study also identified several
independent risk factors that increase the likelihood of developing VAP, including longer
periods on a mechanical ventilator, the use of corticosteroids, being in a supine position,
receiving blood transfusions, and having a low GCS. Knowing these important risk factors
can help healthcare professionals implement effective preventive measures, such as using
non-invasive ventilation, taking precautions during emergency intubation, minimizing the
duration of mechanical ventilation and ICU stays, avoiding supine positioning of patients,

and reducing the use of histamine blockers and corticosteroids. (34)



2.3. Outcome of HAP in the ICU

When contracted in the intensive care unit, nosocomial pneumonia is linked to a poorer
outlook, with mortality rates ranging from 12 to 48%. (35) VAP is linked to a high mortality
rate ranging from 33% to 50%. (28)

In the study that was conducted in 27 ICUs from different European countries, the mortality
rate in the ICU was 34.4%. Nosocomial pneumonia was found to be the direct cause of death
in 19.6% of patients who died, and it contributed to the deaths of 43.9% of patients. However,
patients with NP had a mortality rate that was only 6% higher than patients without
pneumonia. ICU patients who survived with NP had a more extended ICU stay and were on
mechanical ventilation for a longer period than survivors without pneumonia. (23) Another
prospective observational cohort study was conducted in the ICU of a tertiary care teaching
public hospital in western India over 18 months. The study found that, out of a total of 120
patients with nosocomial pneumonia, 60% died and 40% survived. Of the 91 patients with
VAP, 76% died and 24% survived, while of the 29 patients with HAP, 10% died and 90%
survived. The study also found a significant association between the development of VAP

and mortality (36).



2.4. Conceptual framework
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Figure 1: Conceptual framework of prevalence and associated factors of HAP in ICU
patients(32-34)



3. OBJECTIVES

3.1. General objective
The general objective of this study is to determine the prevalence of hospital-acquired
pneumonia and its associated factors in St. Paul’s Hospital Millennium Medical College

adult intensive care unit, Addis Ababa, Ethiopia, from July 2023 to January 2024.

3.2. Specific objective
3.2.1. To assess the prevalence of hospital-acquired pneumonia among adult patients
admitted to the intensive care unit in St. Paul’s Hospital Millennium Medical College,

from July 2023 to January 2024.

3.2.2. To identify the factors associated with hospital-acquired pneumonia in St. Paul’s
Hospital Millennium Medical College adult intensive care unit from July 2023 to January

2024.



4. METHODS AND MATERIALS

4.1 Study area and period

This study was conducted at St. Paul’s Hospital Millennium Medical College (SPHMMC),
located in Addis Ababa, the capital city of Ethiopia. Established in 1961 by Emperor Haile
Selassie, SPHMMC expanded its services with the establishment of a medical college in
2007, becoming a key teaching hospital for preclinical and clinical training in various
disciplines. Furthermore, the hospital provides specialized clinical services to serve the entire
nation. With a workforce of over 2800 staff members, including clinical, academic,
administrative, and support personnel, SPHMMC is dedicated to delivering healthcare,
educating students, and advancing research endeavors. (37). Among the clinical departments
is internal medicine, which has sub-specialties including pulmonology and critical care.
Despite a shortage of human resources, the pulmonology specialty unit offers outpatient and
inpatient services as well as academic activities. Due to the hospital's size and reputation for
receiving referrals for critical cases from throughout the country, it is an ideal location for

this research. The study period was from July 2023 to January 2024.

4.2. Study design
This study is a cross-sectional, institution-based study of adult patients admitted to the adult

ICU at St. Paul's Hospital Millennium Medical College from July 2023 to January 2024.

4.3. Population

4.3.1. Source population

All patients admitted to SPHMMC adult ICU.

4.3.2. Study population
All adult patients admitted to SPHMMC adult ICU during the study period who fulfill the

inclusion criteria
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4.4. Inclusion and exclusion criteria

4.4.1. Inclusion criteria
» Adult medical or surgical patients (15 years of age or older) admitted to the ICU at
SPHMMC during the study period who have stayed in the hospital for at least 48

hours.

4.4.2. Exclusion criteria

» Patients who stayed less than 48 hours in the ICU

4.5. Sample size determination and sampling technique

In this study, 247 patients were included, which was the number of patients admitted during
the study period. For this study, a purposive sampling method was employed, where all
eligible patients who met the inclusion criteria and did not meet the exclusion criteria were

enrolled in the study until the study period was completed.

4.6. Study variables

4.6.1. Dependent variable
Prevalence of HAP in adult ICU

4.6.2. Independent variables

Demographic variables: age, gender

Clinical variables: length of ICU stay, mechanical ventilation

Risk factors: comorbidities (such as chronic obstructive pulmonary disease (COPD), diabetes,
and heart failure), immunosuppression.

Healthcare utilization factors: prior hospitalizations, prior ICU admissions, prior antibiotic

use

4.7. Operational definitions

Clinical diagnosis of VAP/HAP: Characterized by the appearance of new or worsening
infiltrates on chest radiographs along with at least two other indications of a respiratory tract
infection, such as a fever (temperature >38 °c) or hypothermia (temperature < 35 °C),
purulent sputum, purulent tracheobronchial secretions, leukocytosis (WBC >10x103/mm3)

or leukopenia (WBC <4x103/mm3) signs of inflammation on auscultation and/or a
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reduction of partial pressure of oxygen (PaO2)/FiO> ratio of at least 15% in the last 48 hours
(23,26)

HAP: pneumonia that is diagnosed after a patient has been in the hospital for 48 hours or
longer, and was not present or incubating at the time of admission (1).

VAP: a new episode of lower respiratory tract infection in a mechanically ventilated patient,
occurring more than 48 hours after intubation. (37)

Underlying medical conditions: presence of chronic diseases such as diabetes, heart disease,
asthma, COPD, and others (32)

Duration of ICU stay: time from admission to discharge from the ICU, in days (38)
Mechanical ventilation: use of a ventilator to assist or control breathing (39)

Prior antibiotic use: use of antibiotics in the past 3 months (40)

4.8. Data collection method and tools

Patient medical records review: The medical records of all patients admitted to the adult ICU
of SPHMMC were reviewed to obtain demographic and clinical information, such as age,
gender, prior hospitalizations, underlying medical conditions, duration of ICU stay,
mechanical ventilation, presence of a central venous catheter, prior antibiotic use, presence of
nosocomial pathogens, and colonization with antibiotic-resistant bacteria.

Clinical examination and laboratory tests: The patients were clinically examined for signs
and symptoms of HAP.

Data collection forms: A standardized data collection form was used to collect all relevant
information from the medical records, clinical examination, and laboratory tests. The data
collection form included the study variables, operational definitions, and response categories.

The data collection was done from July 2023 to January 2024.

4.9. Data management and analysis

The cleaned data was entered into a computer using Statistical Package for Social Science
(SPSS) version 27.0. Frequency tables and descriptive summaries were conducted for the
study variables. Additionally, graphs and charts were used to illustrate the findings. Binary
and multivariable logistic regression were performed to identify predictors of the prevalence
of HAP in the ICU. First, bivariate relationship between each independent variable and
dependent variable was investigated using binary regression analysis. The variables that

show a significant association on bivariate analysis with a p-value of <0.25 were used for
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multivariate logistic regression. Multivariable logistic regression analyses were used to
minimize the effect of confounding variables and to identify the statistically significant
associated factors of HAP. Variables with a P-value < 0.05 were considered statistically

significant.

4.10. Data quality control

To ensure the quality of the data, the data collectors received one day of training from the
principal investigator before data collection began. The training covered the study's
objectives, relevance, and the importance of confidentiality. During data collection, at the
end of each day, the data was manually checked for completeness, organization, and
cleanliness. Subsequently, the data was coded and analyzed using SPSS version 27.0. A pre-
test was also conducted two weeks before data collection using 5% of the total sample size to

test for variability and assess the checklist's clarity, length, and completeness.

4.11. Ethical consideration

The study obtained ethical clearance from the Institutional Review Board of St. Paul's
Hospital Millennium Medical College. Patients were informed about the study's purpose,
benefits, and possible drawbacks. They were also assured that the information they provided
would be kept before data collection began, and they had the option to withdraw from the
study at any time if they wished to do so. confidential. Verbal consent was obtained from
participants

4.12. Dissemination of results

After the research was completed, the study's findings were communicated to the Department
of Internal Medicine and Public Health at St. Paul's Hospital Millennium Medical College as
part of the requirements for a specialty certificate in internal medicine. The findings will also
be submitted to the hospital's ICU. Furthermore, the study's results will be presented at
scientific conferences, including those held by SPHMMC. Every effort will be made to

publish the study's results in local or international journals.
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5. RESULTS

5.1 Sociodemographic characteristics of the study participants
The majority (42.5%) of the study participants were in the age group of 15-35 years (mean
=44.2; SD=%17.7 years). 51% of the study participants were female, while 49% were male.

Table 1:The sociodemographic characteristics of the study participants among adult
ICU patients at SPMMC from July 2023 to January 2024

Variable Category Frequency Percent
15-35 105 42.5

Age in years 36-50 58 23.5
51-65 47 19
>65 37 15

Sex Male 121 49
Female 126 51

5.2 Characteristics of patterns of admission diagnosis

As shown in Figure 2, The top three diagnoses at admission were sepsis of chest focus
(33.6%), followed by severe community-acquired pneumonia (CAP) (32.8) and acute kidney
injury (AKI) (25.1).
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Figure 2:The pattern of admission diagnosis among adult ICU patients at SPMMC
from July 2023 to January 2024
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5. 3 Distribution of Comorbid diseases among the study participants

As shown in Figure 3, Among the study participants 51.8% had comorbid diseases. The
commonest comorbidity was found to be CHF (28.1%) followed by DM (24.2%), HTN

(21.1%), and CKD (11.7%).
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Figure 3: Distribution of Comorbid diseases among adult ICU patients at SPMMC

from July 2023 to January 2024
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5.4 Risk Factors for HAP among Study Participants
Among the study participants, 38 (15%) patients had a previous history of hospitalization,

and 175 (70.9%) had a history of recent antibiotic use. Additionally, 175 (71%) of the study
participants were mechanically ventilated, and 35 (14.2%) had undergone recent central line
insertion. Furthermore, 196 (79.3%) had NG tube insertion. Of the participants, 205 (83%)

were on ulcer prophylaxis, while 16 (6.5%) received immunosuppressant therapy. Also, 130

(53%) had organ failure other than respiratory, and 55 patients (22.3%) had neurologic

abnormalities.
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Figure 4: Risk Factors for HAP among adult ICU patients at SPMMC from July 2023
to January 2024

Among those with neurologic abnormalities, stroke accounted for 38.2%, followed by coma
(36.4%), seizure (21.8%), and dysphagia (10.9%).
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Figure 5:Types of neurologic abnormalities among adult ICU patients at SPMMC from
July 2023 to January 2024

Among those with organ failure (other than respiratory), renal failure accounted for 78.5%,
followed by heart and liver failure (42 (32.3%) and 12 (9.3%) respectively).
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Figure 6:0f Organ failure among adult ICU patients at SPMMC from July 2023 to
January 2024



5.4 Management characteristics of the study participants

As demonstrated in Table 2, a small number (1.2%) used noninvasive ventilation, while 83%
used invasive ventilation. Among the cases using invasive ventilation, 76.1% were due to
respiratory failure. Additionally, 2.4% of the cases required reintubation, with 66.7% (n=4)
being reintubated only once, primarily due to repeat respiratory failure. Nearly 10% of the
study participants underwent tracheostomy, with 58.3% of these procedures indicated for
prolonged intubation. Furthermore, 11.7% of the participants were transported outside the

ICU, mainly for imaging purposes, and 15.4% received blood transfusions.

Table 2:Management characteristics of the study participants

Variable Categories Frequency | Percent
Use invasive ventilation Yes 205 83
No 42 17
Indication of invasive Airway protection 49 23.9
ventilation Respiratory failure 156 76.1
Reintubation Yes 6 2.4
No 241 97.6
Number of reintubated patients | Reintubated once 4 66.7
Reintubated twice 2 333
Reasons for reintubation Failed weaning 2 33.3
Repeat respiratory failure 4 66.7
Tracheostomy done Yes 24 9.7
No 223 90.3
Indication of tracheostomy Prolonged intubation 14 58.3
Upper airway obstruction 10 41.7
Use of sedatives Yes 38 15.4
No 209 84.6
Transported outside ICU Yes 29 11.7
No 218 88.3
Reasons for transportation Imaging 27 93.1
Other 2 6.9
Blood transfusion Yes 38 15.4
No 209 84.6
Duration of ICU stay in days <=2 27 10.9
3-7 100 40.5
8-14 52 21.1
>=15 68 27.5

5.5. Prevalence of hospital-acquired pneumonia

The findings of the study revealed that 26% of the study participants developed hospital-

acquired pneumonia, as shown in Figure 7.
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Figure 7: The prevalence of hospital-acquired pneumonia among ICU-admitted
patients

As shown in Table 3, Among those HAP patients, 57.1% developed symptoms before
mechanical ventilation. Nearly 59% of the HAP cases presented with fever, followed by
purulent sputum (34.9%)—with all of them showing an increase in FiO2 requirement from
baseline or a decrease in SPO2. Moreover, 90.5% of the HAP patients displayed radiologic

findings suggestive of pneumonia.

Table 3: Diagnosis-related characteristics of patients with HAP

Variable Categories frequency Percent
i FHAP di | Before mechanical ventilation 36 57.1
fmeo 1AENOSIS 74 fter intubation (VAP) 27 42.9
Fever 37 58.7
Hypothermia 16 25.4
Clinical Slgn at Purulent Sputum 22 349
diagnosis of HAP Sign of inflammation on chest 63 100
auscultation
Increment in FiO2 requirement from 63 100
baseline or reduction of SPO2
Radiologic findings Yes 57 90.5
suggesting pneumonia | No 6 9.5
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5.6. Laboratory results of patients diagnosed with HAP

Nearly eighty-six percent of those diagnosed with HAP had a WBC count of >10,000.

Additionally, 1.6% of the patients showed nonrevealing sputum on aspiration gram stain.

Among those with HAP, 22.2% had a positive tracheal aspirate culture, with pseudomonas

accounting for 57.1% of these cases. Furthermore, six percent of the HAP patients tested

positive in blood cultures, with E. coli being the predominant finding.

Table 4. Laboratory results characteristics of the study participants

Variables Categories Frequency Percent
<4000 2 3.2
White blood cell count | 4000-10000 7 11.1
>10000 54 85.7
Sputum/tracheal Note done 62 98.4
aspirate gram stain Nonrevealing 1 1.6
Not done 30 47.6
Sputum/tracheal No growth 19 30.1
aspirate culture result =
Positive 14 22.2
Acinetobacter 4 28.6
Isolated organism Klebsiella pneumonia 10 71.4
Pseudomonas species 8 57.1
Not done 51 81
Gene X-pert MTB detected 2 3.2
MTB detected 2 3.2
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5.8 Associated factors of hospital-acquired pneumonia
As per bivariate logistic regression, age, sex, stroke, neurologic abnormalities, recent

hospitalization, recent mechanical ventilation, recent surgery, central line insertion, NG tube
insertion, immunosuppressant therapy usage, reintubation, transportation out of ICU, and
blood and blood product transfusion were associated with HAP. In the multivariate logistic
regression analysis, participants aged over 65 years had a 7.2 times higher risk of HAP
compared to those aged 18-35 years (AOR=7.2, 95%CI=2.04, 25.65). Participants with
neurologic abnormalities showed a 3.6-fold increased risk of HAP compared to those without
(AOR=3.6, 95%CI=1.12, 11.82). A previous hospitalization history was associated with a
19.1 times higher risk of HAP (AOR=19.1, 95%CI=5.21, 70.37). Recent mechanical
ventilation, immunosuppressant therapy, transportation out of ICU, and blood transfusion
were also associated with increased risk of HAP: 8.6 times (AOR=8.6, 95%CI=2.07, 35.63),
17.8 times (AOR=17.8, 95%CI=3.31, 95.42), 17.7 times (AOR=17.7, 95%CI=4.86, 64.39),
and 5.9 times (AOR=5.9, 95%CI=1.78, 19.81) higher, respectively, compared to their

respective counterparts.

Table 5. Bivariate and multivariate logistic regression analysis of the association
between independent variables and HAP among ICU-admitted patients at SPMMC in
2023

Variable Categories | HAP COR (95%CI) | AOR (95%CI) p-value
Yes | No
18-35 22 83 |1 1
36-50 12 46 | 0.98(0.45,2.17) | 0.46(0.13,1.59) 0.221
Age in years 51-65 11 36 | 1.2(0.51,2.62) | 1.2(0.38,3.93) 0.734
>65 18 19 |3.6(1.61,7.94) | 7.2(2.04, 25.65) 0.002
Male 22 99 |1 1
Sex Female 41 85 12.2(1.19,3.93) | 1.2(0.44,3.05) 0.767
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Neurologic Yes 21 34 122(1.16,4.16) | 3.6(1.12,11.82) 0.032
abnormalities

No 42 150 |1 1
Recent Yes 22 15 5.6(2.72,11.68) | 19.1(5.21, 70.37) | 0.000
hospitalization

No 41 168 |1 1
Recent Yes 55 120 | 3.7(1.65, 8.17) | 8.6(2.07, 35.63) 0.003
mechanical
ventilation No 8 64 1 1

Yes 22 38 ] 2.1(1.09, 3.86) 1.4(0.07, 27.79) 0.812
Recent surgery | No 41 146 | 1 1
Recent central | Yes 18 20 | 2.6(1.22,5.39) |2.9(0.84,10.52) 0.093
line insertion

No 48 164 |1 1
Recent NG Yes 48 86 [3.6(1.91,6.97) |2.1(0.81, 5.68) 0.123
tube

No 15 98 1 1
Immunosuppre | Yes 10 6 5.6(1.94, 16.12) | 17.8(3.31, 95.42) | 0.001
ssant thera

i No 53 178 |1 1

Yes 4 2 6.2(1.10, 34.54 | 6.9(0.36, 13.46) 0.200
Reintubation No 59 182 |1 1
Transport Yes 21 8 11(4.56, 26.55) | 17.7(4.86, 64.39) | 0.000
outside ICU

No 42 176 |1
Blood Yes 21 17 14.9(2.38,10.13) | 5.9(1.78, 19.81) 0.004
transfusion

No 42 167 |1 1
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6. Discussion

This research was conducted at SPHMMC adult ICU to assess the prevalence and associated
factors of HAP in the intensive care setup, with HAP being the dependent variable and
modifiable and non-modifiable independent variables including sociodemographic factors,
comorbidities, clinical, and exposure-related factors.

The findings of this study revealed a prevalence of HAP at 26%. This rate was higher
compared to studies conducted in European countries (8.1%),(23) but similar to those
conducted in Ethiopia at Tikur Anbessa Specialized Hospital and Bahir Dar Specialized
Hospital (24.3% and 25% respectively).(33,34) The disparity from European countries aligns
with WHO reviews indicating a significantly higher prevalence of healthcare-associated
infections (HAI) in Africa, attributed possibly to factors such as advanced ICU setups,
adherence to infection control protocols, and access to advanced diagnostic and treatment
modalities in developed countries. Conversely, challenges such as limited resources,
overcrowding, and inadequate sanitation in low-income countries may contribute to higher
rates of hospital-acquired infections. Differences in demographic factors, underlying health
conditions, and prevalence of risk factors for pneumonia (such as malnutrition and low
socioeconomic status) may also play a role.

Participants aged over 65 years demonstrated a 7.2-fold increase in HAP compared to those
aged 18-35 years. A similar finding of old age being an association was also seen in a study
conducted in Korea where those above 70 were 3.6-fold more likely to acquire HAP than
those aged 20-29.(32) The elevated risk among elderly individuals may be attributed to
multiple comorbidities compromising their immune function. Physiological changes in the
respiratory system associated with aging, such as decreased lung elasticity and weakened
cough reflex, can impair clearance of respiratory secretions, predisposing to pulmonary
infections like pneumonia. Functional impairments commonly seen in elderly ICU patients,
including dysphagia and immobility, increase susceptibility to aspiration events and
subsequent aspiration pneumonia. Moreover, prolonged hospitalizations, exposure to
invasive procedures, mechanical ventilation, and indwelling medical devices heighten the
risk of colonization with pathogenic microorganisms and subsequent development of HAP in

this population.
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Participants with neurologic abnormalities demonstrated a 3.6-fold increase in HAP
compared to those without such abnormalities. This finding aligns closely with a study
conducted at Bahir Dar Specialized Hospital, where they reported a 2.5-fold increased
risk.(34) The increased risk in this population may be attributed to impaired cough reflexes
associated with neuromuscular diseases, compromising the effective clearance of respiratory
secretions and thereby increasing the risk of aspiration pneumonia. Additionally, individuals
with conditions such as stroke or neurological degenerative diseases often experience
dysphagia, predisposing them to aspiration of oral or gastric contents into the lungs.
Prolonged immobility further contributes to atelectasis, reduced mucociliary clearance, and
stasis of respiratory secretions, collectively increasing the susceptibility to pneumonia.

A 19.1-fold increase in HAP was observed among participants with a history of previous
hospitalizations compared to those without such a history. Notably, this finding is not
consistent with any previous study. The heightened risk in this group may be attributed to
prior exposure to healthcare-associated pathogens, including antibiotic-resistant bacteria, due
to multiple hospital admissions. Additionally, patients with underlying comorbidities often
require repeated hospitalizations, leading to repeated exposure to such pathogens. This
increased exposure heightens the likelihood of colonization and subsequent infection with
multidrug-resistant organisms, which are commonly implicated in cases of HAP.
Mechanically ventilated participants had an 8.6-fold for HAP, compared to those not
requiring mechanical ventilation. This finding is supported by studies conducted in Bahir Dar
Specialized Hospital where they had 8.1-fold increased risk.(34) The heightened risk in
mechanically ventilated patients may be attributed to several factors. Firstly, patients
requiring mechanical ventilation often necessitate prolonged periods of respiratory support,
increasing their exposure to invasive devices and the risk of complications such as ventilator-
associated pneumonia. Additionally, mechanically ventilated patients are often sedated and
may exhibit impaired consciousness or reduced gag reflexes, predisposing them to aspiration
of oropharyngeal secretions, gastric contents, or oral flora. Aspiration of contaminated
material into the lungs can lead to aspiration pneumonia in the hospital setup.

Participants using immunosuppressant therapy showed a 17.8-fold increase in the risk of
HAP compared to those not receiving such therapy, which is notably higher than the 2.1

times increased risk observed in the study conducted at Bahir Dar Specialized Hospital.(34)
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This variation may stem from differences in the types of immunosuppressants used and the
underlying diseases for which they were prescribed.

Participants who were transported outside the ICU demonstrated a 17.7-fold increase in the
risk of HAP compared to those not transported. This finding is consistent with a study
conducted at Tikur Anbessa Specialized Hospital.(33) The heightened risk during transport
may be attributed to several factors. Firstly, ICU patients often have compromised immune
systems due to underlying illnesses, invasive procedures, and prolonged hospitalizations,
increasing susceptibility to infections such as pneumonia. Additionally, transporting ICU
patients involves temporary disconnection from vital life-support equipment such as
mechanical ventilation, intravenous lines, and monitoring devices. This interruption in care
can compromise patient stability, respiratory function, and immune function, further
increasing the risk of infection.

Blood and blood product transfusions were associated with a 5.9-fold increase in HAP risk,
compared to those who did not receive transfusions. This finding is consistent with a study

conducted at Bahir Dar Specialized Hospital where they had a 2.78-fold increased risk. (34)

7. Conclusion

The prevalence of hospital-acquired pneumonia in this study was 26%, which is higher than
rates seen in developed nations but consistent with prior studies in Ethiopia. Several risk
factors were identified, including advanced age, neurological abnormalities, prior hospital
stays, mechanical ventilation, immunosuppressant use, patient transport, and blood
transfusions. This data highlights the substantial burden of HAP among critically ill patients
at this facility.

8. Limitations

» This was a single center study with a small sample size, which limits the generalizability
of the findings. A larger, multi-center study is needed to confirm the results.
»  The study did not evaluate long-term outcomes after ICU discharge. The impact of HAP

on post-hospital outcomes is unknown.
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9. Recommendation

To health professionals
- Implementation of infection prevention bundles shown to reduce ventilator-associated
pneumonia
- Enhanced precautions when handling and transporting critically ill patients outside
the ICU
To policymakers
- To increase patient safety and adherence to protocols by regularly educating and
training healthcare professionals on infection control procedures, how to use medical
devices properly, and risk factors for HAP.
To researchers
- Further investigation is warranted to assess the long-term implications of Hospital-
Acquired Pneumonia (HAP) on post-discharge outcomes within the Ethiopian
healthcare context. A comprehensive examination of the extended effects of HAP
beyond hospitalization, including its impact on patient recovery, readmission rates,
and long-term morbidity and mortality, would provide valuable insights into the
overall burden of this condition and inform strategies for improved patient care and

management.
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11. ANNEXES

Annex I: Information sheet

Title of the Research proposal: Prevalence and associated factors of Hospital Acquired
Pneumonia in SPHMMC adult ICU from July 2023 to January 2024, Addis Ababa,
Ethiopia

Name of Investigator: Peniel Yigezu (MD)

Name of the Organization: St. Paul’s Hospital Millennium Medical College,
Department of Internal Medicine

Name of the Sponsor: SPHMMMC research office

Introduction: This information sheet is prepared for SPHMMC Department of Internal
Medicine, Pulmonology and Critical Care Unit, Addis Ababa, Ethiopia. This information
sheet will clarify the purpose of the research for the concerned office and explain the

procedures for data collection. It will also aid in getting permission to conduct the study.

Purpose of the Research thesis: To assess the prevalence and associated factors of
hospital-acquired pneumonia in SPHMMC adult ICU Addis Ababa, Ethiopia, from July 1
2023 to January 31, 2024

Procedure: To achieve the above objective, information will be taken from the treating

team and patient charts from July 1 2023 to January 31, 2024

Risk and /or Discomfort: As this study is non-interventional, it will not inflict any harm
on the study participants. The privacy, confidentiality, and anonymity of information

collected from patients’ charts will be maintained.

Benefits: The study participants will not benefit from this study directly. However, they
may benefit from the results of the study, as it may be utilized for service improvement in

the future.

Confidentiality: To ensure confidentiality, the data will be collected by data collectors,

handled anonymously, coded, and entered into secure software.
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Person to contact: This research project will be reviewed and approved by the institutional

review board of SPHMMC.

For further information, the principal investigator and advisors can be contacted at the

following address:

1. Dr. Peniel Yigezu (MD, Internal Medicine Resident), SPHMMC, Department of Internal

Medicine
Phone Number : +251-911763686

E-mail: penielsedi@gmail.com

2. Dr. Selamawit Tilahun (MD, Assistant Professor of Internal Medicine, PCCP)

Phone Number : +251-911354146

E-mail: selamatilahun@gmail.com

3. Mr. Tolesa Diriba (MSc), School of Public Health, SPHMMC

Phone Number : +251- 923717514

E-mail: tolivediriba@yahoo.com



mailto:penielsedi@gmail.com
mailto:selamatilahun@gmail.com
mailto:toliyediriba@yahoo.com

Annex II: Data collection tool

SECTION A: DEMOGRAPHIC INFORMATION

1 | Patient ID
2 | Age
3 | Sex
4 | Address/ Region
SECTION B: CLINICAL CHARACTERISTICS
1 | Number of days the patient stayed in the hospital prior to admission to the
ICU
2 | HAP Diagnosed I.Yes 2.No
3 | Ifyes to Q2, Date of HAP diagnosis
4 | Ifyes to Q2, how many days after admission?
5 | If yes to Q2, how many days after intubation? (If applicable)
6 | If yes to Q2 clinical signs at diagnosis (fever > 38°C, hypothermia < 35°C, Mention if present
cough, purulent sputum, signs of inflammation on auscultation, reduction of
partial pressure of oxygen (Pa0,)/FiO; ratio of at least 15% in the last 48
hours)
7 | Radiologic findings suggesting pneumonia I.Yes 2.No
8 | Admission diagnosis
9 | Comorbidities (mention if any)
10 | Any neurologic abnormality (including stroke, dysphagia) I.Yes 2.No
11 | If yes to Q 10, mention the diagnosis
12 | Previous hospitalization l.Yes 2.No
13 | If yes, how many days before current admission?
14 | Recent antibiotic use 1. yes 2. No
15 | Recent mechanical ventilation 1. Yes 2. No
16 | If yes to the above question how many days before current admission?
17 | Recent surgery 1. Yes 2. No
18 | Recent central line insertion
19 | Recent nasogastric tube insertion
20 | Use of ulcer prophylaxis (PPIs/ H2 blockers) 1. Yes 2. No
21 | Use of immunosuppressant therapy 1. Yes 2. No
22 | If yes to Q 10, mention the drug name/s
23 | GCS
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24 | Positioning 1. Supine 2. Other
25 | If other for Q 24, mention
26 | Surgical patient? l.Yes 2.No
27 | If yes to Q 26, mention the type/types of procedure/s done
28 | Does the patient have organ failure? 1. Yes 2. No
29 | Mention if any

SECTION C: LABORATORY DATA
1 | (WBC>10x103/mm3 or WBC <4x103/mm3) 1. Yes 2. No
2 | Sputum gram stain
3 | Sputum culture results

SECTION D: MANAGEMENT DETAILS
1 | Use on non- Invasive ventilation 1. Yes 2. No
2 | Use of invasive ventilation 1. Yes 2. No
3 | Re- intubation 1. Yes 2. No
4 | If yes, how many times? And the reason for reintubation
5 | Tracheostomy 1. Yes 2. No
6 | Use of sedatives 1. Yes 2. No
7 | Transported outside of the ICU for any purpose including imaging? 1. Yes 2. No
8 | Ifyes to Q 7, mention the reason 1. Yes 2. No
9 | Blood transfusion?
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1. Assurance of investigator
I the undersigned resident agree to accept all responsibilities for the scientific, ethical and

technical conduct of the research project and for provision of required progress reports as
per terms and conditions of the Research and Publication Directorate and /or Department of

Public Health of St. Paul’s Hospital Millennium Medical College.

Name of the Resident:

Signature:

Date:

Approval of Advisors
Name of Public Health Advisor:

Signature:

Date:

Approval of Advisors

Name of Clinical Advisor:
Signature:
Date:
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