High Prevalence and Antibiotic Resistance of MRSA and Acinetobacter spp. Among Healthcare Personnel

and Neonatal Units: Implications for Infection Control and Hygiene Protocols

ABSTRACT
Objective:
To assess the efficacy of current hygiene practices at the tertiary center through comprehensive microbiological

surveillance, and to provide targeted recommendations for enhancing hospital hygiene to mitigate infection risks.

Methodology

A cross-sectional study employing microbiological surveillance to evaluate microbial contamination across various
hospital settings in a tertiary healthcare facility in Lagos, Nigeria, focusing on high-risk areas such as personnel body
parts, operating theaters, specialized care units, and staff areas. The study involved collecting microbial samples
from the hospital environment, including surfaces in operating theaters, neonatal units, and healthcare personnel.
Microbial samples were collected from 38 different locations and personnel within the hospital. Culturing was
conducted on appropriate media. Antibiotic susceptibility was tested using the disc diffusion method. Statistical
analyses included ANOVA and logistic regression to determine the prevalence and distribution of microbial

contaminants and to assess the effectiveness of current hygiene practices.

Results:

The surveillance detected microbial growth in 33.33% of samples, with significant pathogens like MRSA and
Acinetobacter species present. ANOVA showed significant differences in microbial contamination among different
hospital locations (F(3,32) =4.267, p = 0.0121). Logistic regression analysis didn’t find statistically significant
predictors for microbial presence but highlighted higher odds of contamination in personnel areas (OR = 2.78, p =

0.406).

Conclusion:



The study highlights the need for continuous microbiological surveillance to identify and mitigate infection risks in
hospital settings. Despite effective sterilization practices in some areas, the presence of pathogens like MRSA
indicates the necessity for enhanced hygiene protocols, particularly in personnel areas.
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1. INTRODUCTION

Hospitals, as vital institutions dedicated to treating various illnesses and safeguarding patient health, inherently
harbor numerous infectious agents within their environments. Unfortunately, this poses a significant risk to
individuals seeking healthcare within their confines, including patients, healthcare workers, and visitors. The
continual exposure to common microbial agents prevalent in healthcare settings increases the risk for infection
development among these groups. Mitigating this risk thus requires meticulous adherence to hygiene practices within
healthcare facilities. ( Throughout the years, hospital hygiene has been managed through various strategies, among
which active microbial surveillance in healthcare facilities stands as a pivotal approach. Such surveillance endeavors
play a crucial role in providing insights into local challenges and needs pertinent to hygiene maintenance. ?17:18)
The purpose of this paper is to explore the insights gained from tertiary Medical Centre microbial surveillance and
provide practical recommendations for enhancing hospital hygiene. Through the analysis of surveillance data and
identification of key areas for improvement, this study endeavors to contribute to the ongoing efforts aimed at

bolstering hygiene practices and reducing nosocomial infections.

The concept of hygiene in healthcare facilities is a development stemming from Florence Nightingale’s observations
and interventions during the Crimean War. Nightingale observed that soldiers of the war were being treated in poor
conditions and advocated for sanitary measures that significantly reduced the mortality rate. ® This is an evidence-
based indicator of the essentiality of hospital hygiene in nosocomial infection prevention and control. Amongst the
numerous definitions of hospital hygiene that have been established, this paper will contextualize hospital hygiene as
"every activity carried out to efficiently and scientifically assure that healthcare structures, equipment, and
procedures contribute to the health of patients, hospital visitors, and healthcare workers in a secure and acceptable
environment".® Eliminating nosocomial infections through hospital hygiene takes on different forms of cleanliness
and sanitary activities such as standardized hand washing, disinfection and sterilization of surfaces, proper
management of medical wastes, the use of personal protective equipment and microbial surveillance, all of which are

most effective when done in combination. ®



The CDC defines surveillance as the continuous, methodical gathering and evaluation of disease-related data,
followed by the sharing of findings with relevant parties. ® Therefore, microbiological surveillance is the methodical
gathering of data regarding the kinds and amounts of microbial flora present in hospital environments, including

equipment, personnel, and surfaces.

As a vital component of infection control programs, active microbial surveillance provides information on the local
disease-causing microorganisms. Microbiological surveillance is also relevant to monitor infection trends, giving
professionals the ability to recognize infection problems. ® In the event of an infection problem such as a disease
outbreak, microbiological surveillance will be useful in isolating causative organisms, identifying them up to the
species and type level, and then tracing the source of the infection. © Isolating causative organisms involves giving a
name to the fast-growing, spreading microbial flora. It is finding out whether it is the common causative organisms
of hospital-acquired infections (HAIS) like methicillin-resistant Staphylococcus aureus (MRSA) and Escherichia coli
or uncommon organisms like proteus species. ldentifying these causative organisms up to the species and type level
involves differentiating strains of the same microorganism by determining their distinct characteristics. This is
important to ensure that the people affected by the infection outbreak are connected. Tracing the source of infection
entails utilizing information obtained from microbial identity and its connection to an outbreak to determine the

origin of the spread.

Despite the established importance of maintaining optimal hygiene in hospitals, healthcare facilities still face some
challenges that hinder standardized hygiene practices, giving room for nosocomial infections to persist.

One of the challenges hospitals face is the issue of diverse variations of hospital hygiene practices. “? This challenge
may be a result of the variable hospital hygiene training to which health professionals are exposed. Additionally,
several standards of hygiene may exist in different departments within the same healthcare facility, creating a
disparity in which protocols to adhere to. Healthcare professionals and visitors can disregard standard procedures due
to unawareness or negligence. A practical recommendation to address this challenge would be regular training and
retraining of personnel to ensure uniformity and keep them updated with the best practices.

In hospitals where workers are well aware of hygiene standards, limitation of resources such as time, equipment and
personnel may prevent the optimal implementation of these standards. ‘2 Friction in logistics can make it difficult to

obtain personal protective equipment and sterile equipment for use. Research has also shown that within



establishments where staff responsible for environmental hygiene lack adequate training, motivation, and
compensation, they may experience feelings of undervaluation, consequently leading to subpar performance in their
duties. 42

In the context of Nigerian medical facilities, there is a paucity of academic literature on medical surveillance and its
pivotal contribution to hospital hygiene—one of the key strategies necessary for eliminating nosocomial infections.
Most literature related to medical surveillance, hospital hygiene, hospital-acquired infections, and antimicrobial
resistance is obtained from existing research, predominantly from developed countries. The purpose of this research
study is to address this gap by providing reliable information about enhancing hospital hygiene through microbial
surveillance from a Nigerian health institution's perspective. Additionally, the paper seeks to document progressive

efforts to optimize hygiene in healthcare facilities.

METHODOLOGY

This study employed comprehensive microbiological surveillance to assess the prevalence of microbial
contamination within the Lagos tertiary center, focusing on the operating theatre, specialized care units, and
personnel. The objective was to evaluate the effectiveness of current cleaning protocols, hand hygiene practices, and
antibiotic susceptibility patterns among isolated microbes. This section outlines the methodologies used for sample

collection, microbial culture, identification, and statistical analysis.

Sample Collection and Distribution

A total of thirty-eight (38) samples were collected from various sections of the hospital and selected staff members.
The breakdown of sample sources included the theatre (9 samples), neonatal unit (6 samples), postnatal unit (4
samples), cleaning solutions (3 samples), water source (1 sample), personnel (14 samples), and an air quality
assessment. The selection criteria for these samples were based on their potential risk of contributing to hospital -
acquired infections (HAIS).

Samples were cultured on appropriate media and incubated under optimal conditions for bacterial growth. The

microbial growth was identified using standard microbiological techniques, including Gram staining, biochemical



tests, and molecular methods when necessary. The percentage distribution of microbial growth types was calculated
and documented to determine the prevalence of various pathogens within the hospital environment.

Isolated bacteria were subjected to antibiotic susceptibility testing using the disc diffusion method. The test evaluated
the efficacy of various antibiotics against the pathogens, including Clindamycin, Levofloxacin, Amikacin,
Piperacillin/Tazobactam, Meropenem, and others. The patterns of resistance and sensitivity were recorded to guide

antibiotic stewardship within the facility.

Statistical Analysis

An Analysis of Variance (ANOVA) was used to compare mean growth rates between different location types within
the hospital. Pearson's Chi-squared test assessed the association between location type and microbial growth.
Logistic regression analysis investigated the likelihood of microbial growth based on location types, with odds ratios
calculated to determine the risk factors for microbial presence. Statistical significance was set at a p-value of less

than 0.05.

Environmental Controls Evaluation

Environmental controls within the operating theatre, including air quality, cleaning solution efficacy, and water
safety, were evaluated. The settle plate method assessed pre-operative air quality, while sterility checks confirmed
the effectiveness of cleaning agents. Water safety assessments checked for the presence of fecal coliforms and other

gram-negative bacilli, with the absence of these pathogens affirming the safety of the hospital's water supply.

RESULTS

Table 1: Percentage Distribution of Microbial Growth Types Identified in the Tertiary Medical Centre.

Growth Type Percentage (%)



Acinetobacter baumannii 2.78

Acinetobacter iwoffin 5.56
CONS 8.33
CONS; Staphylococcus aureus 2.78
MRCONS 2.78
MRSA 8.33
No growth 66.67
Staphylococcus aureus 2.78

CoNS: coagulase-negative staphylococci

MRCOoNS: Methicillin-resistant coagulase-negative staphylococci

MRSA: Methicillin-resistant Staphylococcus aureus



Figure 1: Frequency of Microbial Growth status identified in the tertiary Medical Centre.
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FIGURE 2: Count of Microbial growth status across the different types of locations in the tertiary Medical

Centre.
Microbial Growth by Location Type
10.0
7.5 Growth Status
. Acinetobacter baumannii
. Acinetobacter iwoffii
- CONS
c
g 5.0 CONS; Staphylococcus aureus
(5]
MRCONS
MRSA
No growth
25 Staphylococcus aureus
0.0

Neonatal Unit Personnel Post Natal Ward Theatre
Location Type

As detailed in Table 1 above, the percentage distribution of microbial growth types shows a significant proportion of
samples (66.67%) demonstrating no microbial growth, which provides some insight into the efficacy of the center’s
sterilization processes. Notably, however, there remains a presence of microbial growth, with CONS and MRSA
each identified in 8.33% of the samples, and acinetobacter spp. having a combined 8.34% as visualized in Figure 1,

representing a persisting challenge in hospital hygiene management.



A focused analysis of personnel hygiene uncovered a 43% incidence of MRSA nasal carriage among staff and this
emphasizes the critical need for enhanced hand hygiene and decontamination protocols among the staff. This finding,
coupled with the frequency distribution of identified microbial contaminants, suggests targeted areas for intervention,

particularly in hand hygiene practices, as depicted in Figure 2.

Further statistical analyses were employed to understand the data more deeply. The ANOVA to compare the mean
growth rates between different location types, coded numerically with "No growth™ as 0 and "Growth" as 1 revealed
significant differences in microbial contamination across various locations within the center (F (3, 32) =4.267,p =
0.0121), suggesting that certain areas are more prone to microbial presence. With a p-value less than the
conventional alpha level of 0.05, we reject the null hypothesis, indicating that not all location types exhibit the same
mean microbial growth. Pearson's Chi-squared test also established this pattern, highlighting a statistically significant
association between location type and microbial growth (X2 (21) = 40, p = 0.0074). In our logistic regression analysis
investigating the likelihood of microbial growth based on location types, the model did not identify statistically
significant predictors of growth occurrence however the odds ratios suggest that Personnel locations are associated
with 2.78 times the odds of growth compared to the theatres but coefficient for Personnel was estimated at 1.022 (z =
0.831, p = 0.406), also indicating that location of personnel does not significantly increase the odds. Similarly, the
Post Natal Ward, with an extreme coefficient estimate of 19.18 and a very large standard error, resulted in a p-value
of 0.992, indicating no significant difference from the Theatre. The Theatre location type itself (coefficient

effectively zero, p = 1.000) served as the reference category and showed no difference within itself as expected.

Susceptibility patterns of the isolates revealed that Staphylococcus aureus exhibited sensitivity to Clindamycin,
Levofloxacin, Amikacin, Piperacillin/Tazobactam, and Meropenem, suggesting these antibiotics as effective
therapeutic options against this pathogen. However, resistance was noted against Doxycycline, Erythromycin,

Ciprofloxacin, and Gentamycin, highlighting a concern for antibiotic stewardship.

Coagulase-negative staphylococci (CONS), often considered less pathogenic but a significant cause of nosocomial
infections shared a similar susceptibility pattern with Staphylococcus aureus for Clindamycin and Levofloxacin

while indicating intermediate resistance to Ceftriaxone and Gentamycin.

Acinetobacter spp., recognized for their resilience and propensity for antimicrobial resistance, particularly in

healthcare settings, showed resistance to Ciprofloxacin and Gentamycin, with intermediate sensitivity to



Levofloxacin, Cefotaxime, Ceftazidime, and Ceftriaxone. Such a pattern mandates caution for treatment options and

further emphasizes the necessity for judicious use of antibiotics.

In the evaluation of environmental controls within the center's operating theatre, comprehensive microbiological
surveillance was conducted, encompassing air quality, cleaning solution efficacy, and water safety assessments. Pre-
operative air quality, assessed via the settle plate method, remained within acceptable contamination levels,
indicating adequate air hygiene practices before surgical activities. The sterility of cleaning agents - alcohol, savlon,
and iodine - was confirmed through rigorous testing, with no microbial agents detected, underscoring their
effectiveness in maintaining a sterile surgical environment. Additionally, water safety assessments revealed the
absence of fecal coliforms and other routinely monitored gram-negative bacilli, affirming the potability and safety of
the hospital's water supply for medical and surgical use. However, comprehensive testing for Legionella and other
waterborne pathogens associated with hospital-acquired infections was not performed, highlighting an area for future

scrutiny.

DISCUSSION

Hospitals and medical centers surfaces are very prone to being reservoirs of significant microbial population as they
are commonly contacted by healthcare workers, patients relatives patients, and their bodily fluids including blood,
urine, and excreta which often results in infection. @ The prevalence of MRSA (8.33%) as revealed in this present
study is mostly from samples taken from three personnel's noses thus, representing a 43% incidence of MRSA
amongst the personnel, which is contrasting with a similar study whose recorded MRSA personnel prevalence was
23.6. 1 Acinetobacter species (8.34%) were cultured from samples obtained from a personnel’s hands (A. iwoffi),
and resuscitaire in the Neonatal Unit (A. iwoffi) which suggests that an exchange must have occurred between the
personnel and the resuscitaire as a result of usage. Interestingly, Vishal B Shete et al. reported that out of 240
neonatal septicemia cases in their blood-based study, Acinetobacter species were found in 26 instances, accounting
for 10.8% of the cases. Among these, the majority, 84.6% were classified as Acb complex strains, while the
remaining 15.4% were identified as Acinetobacter Iwoffi. This establishes the fact that Acinebacter is a cause of
severe neonatal sepsis and the finding of this pathogen in the Neonatal unit, specifically the Resuscitaire raises

serious concerns about the safety of neonates in the center.



Acinetobacter baumannii was also cultured from a sample from the suction machine hose in the theatre, which points
to either a sub-optimal personal hygiene practice of the medical doctors and nurses and/or personnel generally, a
deficient institution-wide standard hygiene protocol for staff and equipment and/or refusal of personnel to adhere to
already existing hygiene protocols. Similar to these findings, another study @ conducted in a tertiary care hospital in
Pokhara, Nepal, reported a significant contamination rate of frequently touched objects, including door handles and
biometric attendance devices, with MRSA and Acinetobacter species, further establishing their role as commonly
spread pathogens in the hospitals and medical centers, indicating poor hygienic practices and brings to light the fact
that these institutions can be a source and transmission route of these pathogens and resistance.

Regarding sensitivity and resistance of these pathogens to some antibiotics, our findings demonstrated MRSA's
resistance against Doxycycline, Erythromycin, Ciprofloxacin, and Gentamycin, while S. aureus showed sensitivity to
Clindamycin, Levofloxacin, Amikacin, Piperacillin/Tazobactam, and Meropenem. Similarly, the study from Addis
Ababa reported high resistance levels of Gram-positive bacteria to penicillin and erythromycin but showed low-level
resistance to Gentamicin and vancomycin which contrasts with our finding. Additionally, our revealed acinetobacter
spp resistance to gentamicin and ciprofloxacin which is also corroborated by a similar resistance pattern by

acinetobacter spp in the Addis Ababa study. 6

CONCLUSION

This study highlights the high prevalence and antibiotic resistance of MRSA and Acinetobacter spp. among
healthcare personnel and neonatal units in a tertiary medical center. The findings indicate significant microbial
contamination, particularly in personnel and neonatal areas, emphasizing the critical need for improved hygiene
protocols. Despite some effective sterilization practices, the persistent presence of these pathogens underscores gaps
in infection control measures. The association between personnel hygiene and pathogen carriage rates points to areas
requiring targeted interventions. Comprehensive and continuous microbiological surveillance is essential to monitor
and mitigate infection risks, ensuring safer healthcare environments.
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As per international standards or university standards written ethical approval has been collected and preserved by
the author(s). Informed consent was obtained from all participating staff members, and the study's purpose and
procedures were transparently communicated to all stakeholders involved.

RECOMMENDATIONS

To address the challenges identified in this study, it is crucial to implement targeted and practical
recommendations that can significantly improve infection control measures and hygiene protocols within

healthcare facilities.

Enhancing Hygiene Protocols Among Healthcare Personnel

Improving hygiene protocols, particularly among healthcare personnel, is of paramount importance. Healthcare
workers are at the frontline of patient care and often come in contact with various pathogens. Therefore, mandatory
regular training sessions on proper hand hygiene techniques and the consistent use of personal protective equipment
(PPE) should be established. These training sessions should provide detailed instruction on the critical role of hand
hygiene in preventing the spread of infections, focusing on the correct handwashing procedures, the use of alcohol-
based hand sanitizers, and the proper techniques for donning and doffing PPE to minimize contamination risks.
Incorporating practical demonstrations, compliance monitoring, and feedback mechanisms into these sessions can
reinforce the importance of these practices and ensure adherence. By ensuring that all healthcare workers are well-
informed and consistently practicing these protocols, the risk of pathogen transmission can be significantly reduced,

leading to a safer healthcare environment for both patients and staff.

Strengthening Environmental Controls within the Hospital

Effective environmental controls are essential to reduce the risk of healthcare-associated infections. This involves
enhancing sterilization practices in high-risk areas such as neonatal units and operating theatres. Implementing
systematic and standardized protocols for cleaning and disinfection is crucial. Routine assessments of these protocols
should be conducted to ensure their efficacy, which includes regular testing of disinfectants to confirm their ability to
eliminate microbial contaminants on surfaces and equipment. Additionally, employing advanced cleaning
technologies, such as ultraviolet (UV) light disinfection or vaporized hydrogen peroxide systems, can further

enhance the decontamination process. Training cleaning staff on the latest techniques and ensuring they have access



to appropriate protective gear and cleaning supplies can also improve outcomes. By addressing these aspects,
hospitals can significantly reduce the microbial load in critical areas, thereby lowering the risk of infection

transmission.

Developing and Enforcing Antibiotic Stewardship Programs

The rational use of antibiotics is crucial in combating the rise of antibiotic-resistant pathogens. Developing and
enforcing antibiotic stewardship programs within the hospital can help monitor and regulate antibiotic use. These
programs should involve a multidisciplinary approach, including input from infectious disease specialists,
pharmacists, and microbiologists, to oversee antibiotic prescribing practices. Regular reviews of antibiotic
prescriptions should be conducted to ensure that antibiotics are used appropriately based on current clinical
guidelines and local susceptibility patterns. Implementing protocols for de-escalation of therapy and duration of
treatment can prevent overuse and misuse of antibiotics. Additionally, educating healthcare providers on the
principles of antibiotic stewardship and resistance patterns can foster more judicious use of these medications. By
promoting the rational use of antibiotics, healthcare facilities can preserve the effectiveness of existing treatments

and curb the development of resistant strains.

Establishing Regular Microbiological Surveillance

Implementing ongoing microbiological surveillance is vital for identifying and tracking microbial contamination
trends within the hospital. Regular sampling from various hospital sections, including personnel, equipment, and
surfaces, should be performed. This surveillance should be systematic and comprehensive, covering all areas of the
hospital, with a particular focus on high-risk zones such as intensive care units, operating theatres, and neonatal
wards. Data collected from these samples should be analyzed to identify trends in contamination and resistance
patterns. Establishing a central database to record and monitor these findings can facilitate early detection of
potential outbreaks and guide targeted interventions. Sharing surveillance data with relevant healthcare teams can
help in formulating effective infection control strategies, adjusting cleaning protocols, and modifying treatment
approaches as necessary. Continuous surveillance provides valuable data that can inform infection control strategies,

enhance response measures, and ultimately improve overall healthcare safety.



By focusing on these key areas, healthcare facilities can develop a robust framework for infection control, ultimately

reducing the prevalence of healthcare-associated infections and improving patient outcomes.
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