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ABSTRACT

Introduction: A nosocomial infection is contracted within a period of 48 hours following admission to a hospital or within 48
hours after being discharged from the hospital. Patients in the intensive care unit (ICU) are vulnerable to infections due to
various factors, including their pre-existing medical conditions, medical procedures such as surgery, intubation, and
catheterization, as well as their potential exposure to microorganisms from fellow patients. In addition to this, the presence of
contaminated equipment represents a significant contributor to the occurrence of hospital-acquired infections caused by
multidrug-resistant organisms among patients in critical areas.

Methods: This cross-sectional study was conducted in coronary care and critical areas of Holy Family Hospital, Rawalpindi. A
total of 415 samples were processed at the microbiology laboratory over a 4 month period from which 112 were swabs taken
from equipment of the Medical, Surgical and Pediatric intensive care Units (MICU, SICU, and PICU) and the Coronary Care
Unit. The remaining 303 samples were blood, urine, tracheal secretions/tips, pus and Foley tip cultures received in the
microbiology laboratory from MICU, SICU, CCU and PICU. Samples were cultured on the appropriate media and observed after
the required period.

Results: High levels of contamination (58.03%) were identified on a wide range of healthcare equipment. The total of infected
patients were 37.6%. Most common infection site was the respiratory tract. Acinetobacter spp. was the most predominant isolate
among patients in MICU, SICU and CCU while Klebsiella spp. was the predominant isolate from the PICU.

Conclusion: A significant degree of contamination is observed across a diverse array of healthcare equipment. Nevertheless,
the prevalence of contaminated instruments and the subsequent potential for acquiring a healthcare-associated infection (HAI)
can be significantly mitigated through the consistent implementation of cleaning, disinfection, and sterilization protocols for

medical equipment.
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INTRODUCTION

Hospital-acquired infection (HAI) denotes an infection that
manifests either 48 hours subsequent to admission or within 48
hours subsequent to discharge from a healthcare facility (1, 2). The
duration of this period is prolonged to 30 days in the event that the
infection arises at the site of a surgical procedure, and is further
extended to one year in cases involving the implantation of a
foreign object such as a prosthesis (3), heart valve (4), pacemaker,
and so forth. In modern healthcare, infections are frequently
associated with the use of invasive devices such as catheters and
ventilators. The heightened morbidity and mortality linked to
healthcare-associated infections (HAIs) in the intensive care unit
(ICU) is currently a significant concern among hospitalized
individuals, potentially impacting approximately 10% of admitted
patients (6). The most frequently observed types of healthcare-
associated infections (HAIs) include bloodstream infections
associated with central lines, urinary tract infections associated
with catheters, surgical site infections, and pneumonia caused by
ventilators. In order to successfully carry out the necessary
precautions for infection control, it is crucial to determine the rate
and identify the risk factors that result in the development of
infections among intensive care unit (ICU) patients (7).

Patients who are critically ill and are being treated in
intensive care units (ICUs) face an increased susceptibility to
hospital-acquired infections (HAIs) as a result of various
contributing factors (8). The introduction of endotracheal intubation
and tracheostomy, urinary bladder catheterization, and central
venous catheterization all present significant hazards in terms of
the disruption of infection barriers. In addition to invasive medical
procedures, research findings suggest that several factors
contribute to an extended hospital stay (9). These factors include
the patient's gender, the presence of intravenous lines and
catheters, the occurrence of surgery since admission, intubation,
mechanical ventilation, and the patient's age, particularly when the
patient is 70 years or older. There are various types of hospitals,
and among them, those that specialize in treating urinary catheter-

related conditions and diseases such as acute renal failure, coma,
or major trauma are particularly susceptible to hospital-acquired
infections (10). On average, approximately 5-6% of patients
receiving inpatient treatment experience a hospital acquired
infection. However, in developing countries, this percentage can
range from 10-30%. Therefore, the incidence of infection in
developing nations is significantly greater, ranging from 2 to 20
times higher, when compared to developed nations. The mortality
rate associated with healthcare-associated infections (HAI) can
reach up to 70% in intensive care units (ICUs) (11).

Hospital-acquired infections can be attributed to a wide
range of microorganisms, including bacteria, viruses, fungi, and
parasites (2). The rates of antimicrobial resistance exhibited by
microorganisms obtained from healthcare-associated infections
(HAIs) are greater in comparison to those observed in outpatient
settings or other hospital wards. Research indicates that
healthcare equipment is a significant contributor to the occurrence
of infections acquired within hospital settings. Nevertheless,
effective preventive measures can be implemented to mitigate this
issue (13). According to a study, it has been demonstrated that a
significant proportion, specifically one third, of healthcare-
associated infections (HAI) can be mitigated by implementing
effective infection control measures and adhering to sound hospital
practices (14).

METHODOLOGY

This cross-sectional descriptive study was conducted at the
Microbiology Laboratory, Pathology Department of Holy Family
Hospital, Rawalpindi over a period of 4 months. A total of 415
samples were processed out of which 112 were swabs taken from
equipment at MICU, SICU, PICU and CCU. Sterile cotton swabs
moistened in normal saline were rolled on the surface of
laryngoscopes, beds, ventilators, suction machine, ambo bags and
oxygen masks. The remaining 303 samples of blood, urine,
tracheal secretions/ETT tips, pus and Foley’s tip cultures were pre
collected and received in the laboratory from the same areas.
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The patient samples were appropriately labeled and
subsequently inoculated onto pre-dried culture plates containing
suitable agar media, such as MacConkey agar, blood agar,
chocolate agar, or CLED agar. The plates were subsequently
placed in an incubator set at a temperature of 37 degrees Celsius
and left overnight. After an aerobic incubation period of 18 to 24
hours, the plates were examined. The samples obtained from the
equipment were cultured on CLED agar plates and subjected to
aerobic incubation at a temperature of 37°C for a duration of 48
hours. The plates were examined at two time points, specifically 24
and 48 hours after incubation. The identification of organisms was
conducted through the examination of their colony morphology,
gram staining, and biochemical tests, including catalase, citrate,
oxidase, Triple Sugar Iron, and Sulfide Indole Motility, among
others (15).

Sensitivity testing of the isolates was performed by the
modified Kirby Bayer method. Antibiotics used were:

1 For Pseudomonas aeruginosa: Aztreonam, Ceftazidime,
Cefepime, Ciprofloxacin, Imipenem, Cefoperazone/Sulbactam,
Piperacillin/Tazobactam, Polymyxin B.

2 For Coliforms: Ceftriaxone, Ceftazidime, Ciprofloxacin,
Imipenem, Cefoperazone/Sulbactam, Piperacillin/Tazobactam,
Amikacin.

3 For Acinetobacter spp: Tigecycline, Piperacillin/Tazobactam,
Ceftriaxone, Ceftazidime, Ciprofloxacin, Imipenem,

4 For Staphylococci: Cefoxitin, Gentamicin, Vancomycin,
Teicoplanin, Erythromycin, Benzyl Penicillin, Clindamycin and
Fusidic Acid.

Gram negative isolates which were resistant to all but one
antimicrobial were considered as Multi Drug Resistant or MDR.
While in the case of Staphylococcus, strains that were resistant to
cefoxitin were identified as Methicillin resistant Staphylococcus
aureus/ Methicillin resistant Staphylococcus species
(MRSA/MRSS) SPSS version 22 was used to -calculate
percentages and Chi- square test.

RESULTS

A total of 415 samples were processed. Of these 112 were
instrument swabs (38 from MICU, 26 from SICU, 28 and 30 from
CCU and PICU respectively) and 303 were patient samples (blood,
urine, tracheal, pus and Foleys tip) received in the microbiology
laboratory for culture from the same locations.

The total number of growths isolated was 226. Thus 65 out
of the 112 equipment swabs (58.03%) and 114 out of 303 patients
samples (37.6%) were growth positive. Maximum contaminated
equipment was identified in the PICU while the largest number of
infected patients was seen in the surgical ICU. Details are shown
in table 1

Table 1:
Areas MICU SICU CCu PICU Total Positive Growth Chi-Square
N=179 (100)% Value
Total Contaminated Equipment 39.2% 53.8% 67.8% 70% 65/112= (58.03%) 13.7
Total Infected Patients. 35.8% 75.8% 16.2% 37.5% 114/303= (37.6%)

Table 2: Percentage of multi drug resistant organisms in the critical areas.

Chi-Square test is significant calculated between contaminated and non-contaminated equipment and infected and non-infected patient’s critical value was 3.87.

Resistant organisms % of resistant organisms isolated from equipment % of resistant organisms isolated from patients
Areas MICU SICU Ccu PICU MICU SICU Cccu PICU
m:zz’ 7.8% 33.3% 0% 15.7% 2.4% 0% 0% 0%
Acinatobacter species 13.1% 0% 15.7% 26.3% 73.1% 81.8% 50% 16.6%
Pseudomanas aurigenosa 7.8% 26.6% 31.5% 5.20% 21.9% 0% 16.6% 16.6%
Klebsiella species 5.2% 13.3% 10.5% 0% 19.5% 13.6% 33.3% 20.8%

The organisms isolated were Methicilin Resistant
Staphylococci, Acinetobacter spp., Pseudomonas aeruginosa and
Klebsiella spp. The percentage distribution of the multi-drug
resistant organisms was calculated for different hospital locations
and is given in comprehensive detail in table 2

Acinetobacter spp was the most resistant organism overall
while the main offender was Staphylococcus in Surgical areas and
Pseudomonas aeruginosa in the CCU. Further details maybe seen
above

Healthcare equipment has been identified as a likely source
of these infections as seen from the high levels of contamination
present on a wide range of healthcare equipment.

The body sites/samples from which growths were isolated
shows that respiratory infections were predominant in all areas,
followed by drains and catheter tips. Detailed percentage of growth
in different body sites is shown in table 3.

Table 3: Percentage of growths isolated from different body sites.

Infected sites MICU SICU CCU PICU
Respiratory 63.6% 79.1% 50% 60%
Urinary tract 34.3% - 0% 50%
Blood stream 14.9% 0% 5.5% 33.3%
Miscellaneous 42.8% | 66.6% 50% 37.5%
(drains, tips etc)

DISCUSSION

Nosocomial pathogens can be acquired via transmission from the
hands of hospital personnel as well as contaminated fomites,
intravenous lines, fluids, and equipment (16). Equipment has been
recognized as a potential source of hospital-acquired infections if

they become colonized by fungi or bacteria. A recent review
indicates that socio-economic status significantly influences the
occurrence of healthcare-associated infections (HAI). In high-
income countries, the prevalence rate is 7.5%, whereas in low and
middle-income countries, it is 10.1% at the age of 19 (17). The
documented literature supports the correlation between the
utilization of invasive procedures, such as intubation and
tracheostomy, urinary bladder catheterization, and central venous
catheterization, and the heightened risk of infections in intensive
care units (ICUs) (18, 19). The prevalence of hospital-acquired
infections (HAIs) in intensive care units (ICUs) varies across
different regions. In the United States, the HAI prevalence in ICUs
is approximately 9.1%, while in Europe and England, it ranges
from about 23.0% to 23.5% (20).

The study revealed a significantly higher prevalence of
hospital-acquired infections in the surgical areas, reaching 75.8%,
compared to the medical areas. This finding is of great concern
and warrants attention. The rate of SICU infection in the mentioned
country, Greece, was comparatively lower at 18.0% in the given
timeframe, in contrast to the higher rate observed in the current
context. One potential explanation for the elevated incidence of
infection within our Surgical Intensive Care Unit (SICU) may stem
from insufficiencies in the disinfection and sterilization procedures
employed for invasive medical devices (21). The most frequently
observed site of infection in the Medical Intensive Care Unit
(MICU) and Surgical Intensive Care Unit (SICU) was the
respiratory system, accounting for 63.3% of cases. This was
followed by infections in the urinary tract, and subsequently the
bloodstream. It is worth noting that the low positivity rate of blood
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cultures can be attributed to the fact that patients in these units
were already receiving high doses of multiple antibiotics. In both
the Pediatric Intensive Care Unit (PICU) and the Cardiac Care Unit
(CCU), the respiratory site exhibited the highest frequency of
infection (22). The high incidence of respiratory tract infections is
commonly attributed to the practice of endotracheal intubation and
the utilization of mechanical ventilation devices, such as ambu
bags. The aforementioned occurrences are frequently observed in
individuals who experience post-surgical complications, severe
road traffic accidents (RTAs), respiratory distress syndrome, and
traumatic brain injury resulting from neurosurgical procedures.
Consequently, individuals develop respiratory tract infections that
are associated with the use of ventilators. Respiratory tract
infection was found to be the most prevalent healthcare-associated
infection (HAI) in the largest intensive care unit (ICU) in China, as
indicated by previous studies (22, 23). The predominant
microorganisms identified from endotracheal tip samples were
Acinetobacter spp, Pseudomonas aeruginosa, and Klebsiella spp
(23, 24). These causes of healthcare-associated infections (HAI)
are widely recognized on a global scale and exhibit resistance to
multiple drugs. The limited availability of antimicrobial agents due
to the isolation of multi-drug resistant bacteria has had a significant
impact on the treatment options for severe and life-threatening
infections, leading to extended periods of hospitalization for
patients in intensive care units. According to the findings of
Richards et al. (year), as documented in the national nosocomial
infections surveillance system (NNIS) database, urinary tract
infections (UTIs) accounted for approximately 20-30% of hospital-
acquired infections in the medical intensive care unit (MICU). The
present study yielded comparable results. The study conducted at
Holy Family Hospital in Rawalpindi determined that the overall
infection rate among admitted patients was 37.6% (25). Similarly, a
separate study conducted in Brazil reported an infection rate of
20.3% in an intensive care unit (ICU). In the largest ICU in Fiji, the
rate of healthcare-associated infections (HAI) was found to be 17%
(citation 25). Furthermore, the ICUs in Argentina had a HAI rate of
27% (26, 27). The observed counts are significantly lower in
comparison to those observed in our institution (28).

CONCLUSION

Contaminated health care equipment is a main source of hospital
acquired infection in critical areas. Pathogens are transferred
directly from contaminated equipment and surfaces to susceptible
patients. Total contamination in equipment was much greater in
our study than studies conducted worldwide and it is associated
with considerable mortality and lengthy stay in hospital. Routine
cleaning of equipment items and other high-touch surfaces does
not always remove pathogens from contaminated equipment’s and
surfaces. Improved methods of disinfection and sterilization in the
hospital environment are needed.

Recommendations: The significant reduction of contamination
and subsequent risk of acquiring a Healthcare-Associated Infection
(HAI) can be achieved through the consistent practice of
equipment cleaning. Healthcare institutions ought to develop
comprehensive control programs to address the spread of these
infections. It is imperative for the administration, employees, and
individuals who are admitted or visiting a hospital to consider
implementing relevant programs in order to effectively contribute to
the prevention of infections. The education of healthcare
professionals is an essential requirement.
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