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Abstract

Background: Gram-megative ESKAPE pathogens contribute significantly to hospital-acquired infections. The COVID-19
pandemic disrupted healthcare delivery, potentially altering infection patterns.

Aim: To assess the influence of age, gender, and healthcare facility on infections caused by gram-negative ESKAPE pathogens.
Methods: A retrospective analysis of 4,781 patient records from Inkosi Albert Luthuli Central Hospital and Mahatma
Gandhi Memorial Hospital (2018-2022) was conducted using Excel 365. Chi-square tests and Pearson correlation were
used to assess associations.

Results: Infections were most common in the 19-304ear group (27.51%), with a negative correlation between age and
infection rates (r =-0.991, p < 0.001). Females accounted for 55.33% of cases. Klebsiella pneumoniae was the most prevalent
pathogen. Significant associations were found between pathogen types and both hospitals (p = 0.009) and gender (p < 0.001).
Conclusion: Contrary to global trends, infections predominantly affected younger adults in this cohort. Gender and hospital
differences in pathogen prevalence were statistically significant. COVID-19 may have contributed to shifting infection
demographics.
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INTRODUCTION

The world was shaken by the SARS-CO2 virus during the sunset of 2019 in Huwan at China (Chen et al., 2020).
The SARS-CO2 famously known as COVID-19 changed the global completion leading to introduction of strict
measures in an attempt to curb its spreading globally (Bolikas et al., 2023). No age group was safe as the global
population witnessed high rate of deaths daily with a lot of people being hospitalised (Ioannidis et al., 2020).
Even though the world was not ready, nonetheless transmission interventions measures played a major role in
cubbing the infections and South Africa was not immune to the pandemic as it observed a high number of
hospitalizations (Jassat et al., 2021). The spread of COVID-19 and other bacterial diseases were cautioned based
age, commodities as some of the factors associated with susceptibility to infection during the COVID-19 era and
most hospitals couldn’t handle the demand at that time. Priorities were giving to COVID-19 patients and this
study aimed to determine the distribution of age, and gender to the high number of hospitalisations in patients
with bacterial co-infections between 2019-2022.

Almost all human diseases are sexually dimorphic with regards to prevalence, severity and cause of infection,
although genetic, immunity, and social roles do also contribute to the differences in disease risk (Ober et al.,
2008). Acquiring infections such as viral, fungal and bacterial leading to individuals being hospitalised can be
influenced by several factors such as gender inequality, social norms, occupational activities, social roles, lifestyle
changes and access to healthcare (Dias et al., 2022; Fowler et al., 2007).

Gender inequality plays a vital contribution to social and health outcomes which include but not limited to
violence against women, men being breadwinners, and women as caregivers leading to stress and risk of being
unable to fight infections (Shannon et al., 2019). Gender also influences susceptibility to infections, immune
response, pathophysiology and clinical presentation as they tend to differ in males and females respectively (Kroll

et al., 2015).
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There are several studies that have been conducted to assess the influence of gender differences in hospitalised
patients. Galligan noted that females have an increased ability to detect pathogens than males due to the
expression of pathogen associated molecular receptors when compared to males (Galligan and Fish 2015).
Whereas according to Klein, females also possess a stronger innate and adaptive response than males which
allows better pathogen elimination and response to vaccination but consequently makes them more prone to
inflammatory autoimmune diseases (Klein and Flanagan 2016). Furthermore, females are said to have higher
neutrophil counts which are the first immune cells that respond to infections caused by microorganisms (Brain
and England 1975).

Age also contributes vastly to the ability of individuals capabilities to fight infections leading to high
hospitalisation rates in the older population as compared to younger population of female patients (Pandey et
al., 2017). It has been noted that the median age of hospitalisation reported in India was 47 years while the
median age of 68 years of deceased patients was reported in China when compared to a median age of 51 years
of male patients who recovered from the COVID-19 (Wan et al., 2020; Chen et al., 2020). On the contrary a
56% hospitalisation rate for various diseases for females with age range 15 to 59 years which the now includes
the younger age group (Naser et al., 2023). Furthermore, the influence of gender and age to the infectivity still
remains an area of active investigation (Kopel et al., 2020)

South African has embarked on the introduction of national health insurance (NHI) with the plan to optimised
health care services to majority of the population (Louw et al., 2023). Before and during the COVID-19 pandemic
globally including South Africa, healthcare facilities experienced challenges when it comes to service delivery
especially the public sector thus contributing to the increase of hospital acquired infections as well as mortality
rate (Jassat et al., 2021). Public health facilities provide medical assistance to all citizens that are unable to afford
health insurance, which is a very large population size (Louw et al., 2023). This was evident during the COVID
19 pandemic where South Africa as a developing country demonstrated an enormous challenge in providing
sufficient resources to cater for its citizens (Hart et al., 2022). In this retrospective study, the influence of age
and gender on hospitalisation will be assessed. The study focuses on the two public hospitals situated at KwaZulu-
Natal province of South Africa namely- Inkosi Alber Luthuli Central Hospital and Mahatma Gandhi Memorial
Hospital.

ESKAPE pathogens namely, Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter
baumannii, Pseudomonas aeruginosa, and Enterobacter cloacae were named as the global priority pathogens by the
World Health Organization because of their ability to develop resistance to antimicrobial agents (WHO, 2017).
The Gram-negative ESKAPE pathogens are members of Enterobacteriaceae and are the leading cause of hospital
acquired infections although they can also be community acquired (Shakibaie et al., 2014). They produce enzyme
called beta-lactamase’s and carbapenemase’s which enable them to destroy the chemical structure of beta lactam
antimicrobial agents (Gasink et al., 2009).

To assess the trends for the isolation rates of ESKAPE pathogens, several studies were conducted worldwide, and
Iran reported 8% Klebsiella pneumoniae (K. pneumoniae) and 1.81% Enterobacter species isolated from 2011 to
2012 (Shakibaie et al., 2014). In a 10-year resistance trend study done in Saudi Arabia on pathogens causing
hospital acquired infections, Gram-negative pathogens accounted for 63% of the infections, with specifically the
Klebsiella infection rate higher than Acinetobacter (Balkhy et al., 2020). On the contrary, China reported a rather
less isolation rate for K. pneumoniae (26.2%), being the second-most isolated organism in 2021 (Yang et al., 2023).
Similarly, in a recent European study, Enterobacter cloacae (E. cloacae) complex (44.8%) was the most prevalent
organism isolated (Boattini et al., 2024).

Birru found that out of 225 blood samples, only 22 had confirmed bloodstream infections, with 40.9% caused
by Gram-negative bacteria in a general South Ethiopia hospital (Birru et al., 2021). Contrary to the worldwide
study by Shakibaie and team (2014), 78% of K. pneumoniae was obtained in a study conducted in South Africa
from 2010 to 2012, with 70% of carbapenem-resistant Enterobacteriaceae found to be hospital acquired, with a
38% mortality rate (Perovic et al., 2014). Klebsiella species are among the leading causes of sepsis in hospital cases,
and K. pneumoniae was the most common isolate with 77%, and only 10% Escherichia coli found in 36 of the

patients on invasive ventilator support with 44% mortality rate from 2013 to 2014 (Fourie et al., 2018; Sorsa et
al., 2019).
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The objective of this study was to determine the influence of age and gender to the high number of
hospitalisations in patients with bacterial infections caused by the gram-negative ESKAPE organisms namely
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacter cloacae for a period of 5
years including the years when the COVID-19 pandemic occurred.

METHODOLOGY

Population and sample

The retrospective data consisting of 4781 patients for a period of 5 years obtained from CDW AARMS system
respectively. This data was anonymized, except for gender and age. Data in all National Health Laboratory
Services (NHLS) laboratories is stored in the laboratory information system (LIS) and controlled at the Central
Data Warehouse (CDW). Permission and ethics approval to use data from the NHLS was obtained from the
NHLS Academic Affairs and Research Management System (AARMS) and ethics from Health Science Research
Ethics Committee (HSREC) from the university of the Free State respectively. The requested data was for
patients with infections caused by Gram-negative ESKAPE organism. Since NHLS is the data owner, no approval
from KwaZulu Natal Department of Health (DOH) was needed.

Study location
The study was conducted with data from Mahatma Gandhi Memorial Hospital at the NHLS in KwaZulu-Natal
Durban Phoenix and Inkosi Albert Luthuli Central Hospital NHLS situated in KZN Bellair Durban.

Data collection

The extracted data was for the period from 1 January 2018 to 31 December 2022, to obtain the demographic
picture before and during the pandemic. Data were obtained from the NHLS CDW for samples processed on
the Vitek®2 automated system (bioMérieux, Marcy I’Etoile, France). A systemic investigation was conducted on
quantifiable data and statistical descriptive analysis was performed using Microsoft Excel 365.

Results

Demographic profile of patients presenting to hospital from 2018 to 2022 The data was analysed using a
descriptive analysis on Microsoft Excel 365 for the demographic profiling of patients presenting to healthcare
facilities with bacterial infection according to facility name or laboratory, age and gender using frequency tables.

Patients population per Hospital

INKOSI ALBERT LUTHULI MAHATMA GANDHI
CENTRAL HOSPITAL LABORATORY

Graph 1: Distribution of patients in Inkosi Albert Luthuli Central Hospital laboratory and Mahatma
Gandhi Memorial Hospital laboratory from 2019 to 2022
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Graph 1 illustrates the distribution of patients who were treated at Inkosi Albert Luthuli Central Hospital
(IALCH) and Mahatma Gandhi Memorial Hospital MGMH) respectively between 2018 to 2022. The majority
of patients were treated at IALCH (90.09%) as it is a referral academic hospital when compared to MGMH, a

district hospital with 9.91%.

Table 1: Age Group Distribution

‘Age Group H% of patients ‘
19-30 |27.51% |
31-40 [20.86% |
141-50 [18.00% |
51-60 [14.98% |
61-70 [11.40% |
71+ [7.34% |

Table 1 indicates that most patients presenting to the hospitals range from the age of 19-30 years old, accounting
for 27.51%, followed by the age group 31-40 years old with 20.86%. The median age of patients presenting to

either hospital is 42 years old.

Table 2: Gender Distribution

‘Gender H% of patients ‘
[Female 5533% |
‘Male H44.34% ‘
[Unknown 0.33% |

Table 2 indicates that the majority of patients presenting to IALCH and MGMH for 5 years are females at
55.33%. Males only accounted for 44.34% which is not too different from females, indicating that both genders
are almost equally affected by infections caused by Gram-negative ESKAPE pathogens.

Table 3: Pathogen Distribution by Hospital

IPathogen IMGMH (%)|[IALCH (%) |
‘Acinetobacter baumannii H 17.30 HZO. 18 ‘
‘Enterobacter cloacae complex HS.OZ H5.29 ‘
‘Klebsiella pneumoniae H65.82 H48.80 ‘
‘Pseudomonas aeruginosa H8.86 H25.73 ‘

The most isolated pathogen is K. pneumoniae, with 65.82% and 48.80% at MGMH and IALCH, respectively, as
illustrated in Table 3. Pseudomonas aeruginosa (25.73%) was the second most isolated pathogen at IALCH, but at
MGMH, A. baumannii complex (17.30%) was the second most isolated pathogen. A chi-square test of
independence was performed using Microsoft Excel 365, yielding a p-value of 0.0316. Since p < 0.05, this
indicates a statistically significant association between the pathogen type and the healthcare facilities

Table 4: Pathogen Distribution by Gender

‘Pathogen HFemale (%) HMale (%) HUnknown (%)’
Acinetobacter baumannii  [[17.20  ]23.32  [12.50 ]
‘Enterobacter cloacae complex H5.30 H5.9O H6.25 ‘
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lPathogen “Female (%) HMale (%) “Unknown (%)l
[Klebsiella pneumoniae 5565  |45.81  |75.00 |
lPseudomonas aeruginosa “21.85 H26.96 “6.25 |

Table 4 illustrates the pathogens isolated in patients against their gender to evaluate the relationship between
the two. A. baumanni complex isolated from females was 17.20% and 23.32% from males. K. pneumoniae isolated
from females was 55.65% and 45.81 from males. P. aeruginosa isolated from females was 21.85% and 26.96%
from males, all with a difference that is less than 10% which indicates the insignificance of gender against
infections caused by these pathogens.

Table 5: Summary of Key Statistical Tests

P-value HSignificance ‘
‘Pearson r (Age vs %) H—O.991 H0.000B HSigniﬁcant ‘
Chi-square (Hospitals) [11.54 ][0.00915 [[Significant |
Chi-square (Gender) ]23.55 [0.00063 |Highly Significant |

‘Test HStatiStic

Insights from statistical results

A total of 4,781 patients were included in the study. The largest proportion of infections occurred in the 19-30-
year age group (27.51%), with a progressive decline in older age groups (Pearson r = -0.991, p < 0.001). Females
accounted for 55.33% of cases, males for 44.34%, and unknown gender 0.33% (Table 2). Table 5 shows that
chi-square analysis revealed a significant association between pathogen types and hospitals (x2 = 11.54, p = 0.009),
as well as between pathogen types and gender (x2 = 23.55, p < 0.001). Klebsiella pneumoniae was the most
frequently isolated pathogen, accounting for 65.82% at Mahatma Gandhi Memorial Hospital MGMH) and
48.80% at IALCH. Pseudomonas aeruginosa was more prevalent at JALCH (25.73%) compared to MGMH
(8.86%). Gender distribution for Klebsiella pneumoniae infections showed higher prevalence in females (55.65%)

compared to males (45.81%), while Acinetobacter baumannii and Pseudomonas aeruginosa were more prevalent in
males.

Table 6: Comparative correlation with few global studies

‘Study Reference HMain Findings HCorrelation to Current Study
Al-Hasan et al., P. aeruginosa bacteraemia higher This study sh(?ws P. aeruginosa is h1gher m males bUt ) )
2008 (USA) in elderly and males predominant in younger adults, indicating a possible shift during
) the COVID-19 era.
Zhongzhi Liang et A baumannii more frequent in This data shows A. baumannii slightly higher in males, but
al., 2015-2023 - aumanmtmore freque predominant age is younger (contrast to global trends). COVID-
i elderly males. ) . i . .
(China) 19 disruptions may explain younger patient profile.
Joshaline et al K. pneumoniae prevalent in post- || These results align closely, K. pneumoniae is dominant, especially
oS N COVID cases, especially in in patients aged 19-30, supporting post:COVID-19 shifts in
2023 (India) . ) .
younger adults. bacterial epidemiology.

Table 6 shows the key insights from global age patterns were gram-negative infections typically rise with age due
to comorbidities. Contrary this study results differs, showing more infections in younger age groups, possibly
reflecting increased COVID-19 exposure, changing hospital admission patterns, or altered healthcare-seeking
behaviour during the pandemic as older people were restricted from movement in South Africa as they were
regarded as high-risk group. This study gender patterns is consistent with global data, males have slightly higher
rates for A. baumannii and P. aeruginosa, reflecting risk factors such as occupational exposure and underlying
conditions. For K. pneumoniae, this study showed a female predominance, which supports KZN stats male: female
percentage and other factors may be due to sample composition and or healthcare access differences during
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COVID-19. On hospital variation this study shows the difference in pathogen prevalence between the two
hospitals which suggests differences in patient populations, hospital services, or infection control practices.

DISCUSSION

As shown in graph 1, the IALCH has the greatest number of patients with bacterial infection, which is explained
by the capacity of patients this hospital can accommodate as a referral hospital. MGMH, as a district hospital,
has fewer patients presenting with infections as it can accommodate a smaller number of patients over the period
of 5 years. These results were also affected by the COVID-19 era that occurred from 2020 to 2022, where patients
were hospitalised for extended periods and being immunocompromised and the restriction measures that were
enforced.

A total of 4782 patients were admitted in both these hospitals with different bacterial infections, 27.51% of
these patients were 19-30 years of age. The median age was 42 years which differs from a study which reported a
median age of 47 years for patients hospitalised (Wan et al., 2020). On the contrary, China reported a median
age of 68 years which is expected since elderly people are more prone to infections as they have weakened
immune systems (Chen et al., 2020). Furthermore, India reported elderly population had a much higher rate of
hospitalisation (Pandey et al., 2017), but on the contrary, this study indicated young adults are mostly affected
by bacterial infections, which may be further distinguished with regards to which sex is mostly affected. The age
of a study in China indicated widespread age, with most patients being elderly with a median age of 47 years
(Wan et al., 2020; Chen et al., 2020 and Pandey et al., 2017). Table 1 shows right-skewed data, which could
predict that the mode age range (19-30) could possibly be less than the median of the population of the study.
Indeed, it is true that the average median age of the study population was found to be 42 years which is
represented by adults in South Africa’s life expectancy, which is currently between 60 and 65 years. Therefore,
the study results correlate with Wan et al study and fairly so this could indicate that the older population were
more prone to the infection.

The infection rates, including COVID-19, have been reported not to be sex- dependent but mostly associated
with the underlying health status of an individual (Kopel et al., 2020). China reported a mortality rate of
75%males and only 27% females during the pandemic, this was explained by the fact that males are smokers,
which affects their lungs, and similarly, COVID-19 caused respiratory difficulties (Chen et al., 2020). The results
of the study indicated that out of 4782 patients, 55.33% were females and 44.34% were males indicating a
difference of 10.99% as reflected in Table 2. On the contrary, gender does not indicate any significance when
compared against the pathogen types as illustrated in Table 4 which means any gender can be infected by any of
the gram-negative ESKAPE pathogens. These results correlate with the common view that infections, including
COVID-19, are based on an individual's health status and not sex. Different specimen types were collected and
tested to ascertain the cause of these bacterial infections, and further analysis was performed.

The most isolated pathogen for both hospitals is K. pneumoniae, with 48.80% and 65.82% at IALCH and
MGMH, respectively, which correlates with the fact that historically this organism was one of the pathogens that
led to the introduction of 3™ generation cephalosporins in the 1980’s due to its prevalence and increasing
resistance patterns (Deephti et al., 2010). However, in this study, K. pneumoniae for both hospitals attributed to
57.31%, which correlates with Ballchy, who reported a 63% K. pneumoniae infection rate. The P. aeruginosa, E.
cloacae complex and A. baumannii complex results were 25.73%, 5.29%, and 20.18%, respectively, at IALCH.
On the contrary, in a recent European study, Enterobacter cloacae complex (44.8%) was the most prevalent
organism isolated, which does not correlate with this study (Boattini et al., 2024).

CONCLUSION

Age and gender differences in terms of infection have been observed in several clinical and epidemiological
studies although several factors contribute to the observations in these studies, which include genetic differences
in humans, underlying disorders, lifestyle habits, population size as well as our immune systems. In this study
contrary to global trend, the age group of 19-30 years was mostly hospitalised, which can be explained by that
people of this age group travel thus standing a greater chance of contracting infections when compared to elderly
people who are mostly confided in their homes. COVID-19 may have contributed to shifting infection
demographics due to stricter measures against the elderly. In terms of gender, females were mostly hospitalised
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due to the population size of females when compared to males. There is not enough data available in South
Africa to distinguish age and gender differences in terms of contracting bacterial infections but according to this
study there is no significant contribution of gender towards the increasing infection rates caused by these
pathogens. The most isolated gram-negative ESKAPE pathogen is K. pneumoniae and the infection rates over the
five-year period have increased for most pathogens concluding that infections caused by ESKAPE pathogens is
increasing.
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