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ABSTRACT

Background and Objectives: The aim of this study is to analyze, through a systematic review and
meta-analysis, the identification, resistance and susceptibility of microorganisms present in
healthcare workers’ hands, identifying the most relevant antimicrobial resistant bacteria and their
prevalence. Methods: Several scientific databases were reviewed to summarize contributions of
the past 10 years. A meta-analysis was conducted to assess bacteria on healthcare workers’ hands
and their resistance and susceptibility profiles. Results: healthcare workers were colonized by 35
types of bacteria, highlighting Staphylococcus aureus., Acinetobacter spp., and Escherichia. coli.
Although a lower number of bacteria was present on healthcare workers’ hands, doctors acquired
more bacteria. Specifically, health personnel contracted Enterococcus spp., Staphylococcus.
epidermis, Acinetobacter spp., Escherichia. coli, among others. Resistance and susceptibility
profiles showed that S. aureus was susceptible to antibiotics; nevertheless, S. aureus was resistant
to ceftriaxone, erythromycin and amoxicillin-clavulanic acid. Conclusion: Detected
microorganisms trigger pathologies of clinical importance such as skin infections, sepsis,
gastroenteritis, among others; in addition, bacteria are the cause of pathologies of greater clinical
importance, such as nosocomial pathologies due to work activity in the hospital environment,
which require invasive treatment. Even if new drugs are developed, the way of prescribing and
using antibiotics needs to be changed to reduce antibiotic resistance.
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RESUMO

Justificativa e Objetivos: O objetivo deste estudo ¢ analisar, por meio de uma revisao
sistematica e metanalise, a identificacdo, resisténcia e suscetibilidade de microrganismos
presentes nas maos de profissionais de satude, identificando as bactérias mais relevantes e sua
prevaléncia a resisténcia aos antibioticos. Métodos: Diversas bases de dados cientificas foram
revisadas para resumir as contribui¢des dos Ultimos 10 anos. Foi realizada uma meta-analise
para avaliar bactérias nas maos dos profissionais de saude e os seus perfis de resisténcia e
suscetibilidade. Resultados: os profissionais de saide foram colonizados por 35 tipos de
bactérias, destacando-se Staphylococcus aureus., Acinetobacter spp. e Escherichia. coli.
Embora o nimero de bactérias nas maos dos profissionais de saude fosse menor, 0s médicos
adquiriram mais bactérias. Especificamente, o pessoal de satde contraiu Enterococcus spp.,
Staphylococcus. epiderme, Acinetobacter spp., Escherichia. coli, entre outras. Os perfis de
resisténcia e suscetibilidade mostraram que S. aureus era suscetivel a antibioticos; no entanto,
S. aureus foi resistente a Ceftriaxona, Eritromicina e Amoxicilina-Acido Clavulanico.
Conclusio: Os microrganismos detectados desencadeiam patologias de importancia clinica
como infecgdes de pele, sepse, gastroenterites, entre outras; além disso, as bactérias sdao
causadoras de patologias de maior importancia clinica; como as patologias nosocomiais
decorrentes da atividade laboral no ambiente hospitalar, que requerem tratamento invasivo. A
forma de prescrever e usar antibidticos precisa ser.alterada, mesmo que novos medicamentos
sejam desenvolvidos, para reduzir a resisténcia aos antibioticos.

Descritores: Infec¢do Hospitalar. Anfec¢oes Comunitarias Adquiridas. Farmacorresistencia
Bacteriana. Desinfec¢do das Mdaos. Pessoal de Saude.

RESUMEN

Justificacion y Objetivos: El objetivo de este estudio es analizar, mediante una revision
sistematica y un metaandlisis, la identificacion, resistencia y susceptibilidad de los
microorganismos presentes en las manos de los trabajadores de la salud, identificando las
bacterias mas relevantesy su prevalencia de resistencia a los antibioticos. Métodos: Se revisaron
varias bases de datos cientificas para resumir las contribuciones de los ultimos 10 afos. Se
realizé un metaanalisis para evaluar las bacterias en las manos de los trabajadores de la salud y
sus perfiles de resistencia y susceptibilidad. Resultados: los trabajadores de la salud fueron
colonizados por 35 tipos de bacterias, destacando Staphylococcus aureus., Acinetobacter spp. y
Escherichia. coli. Aunque las bacterias en las manos de los trabajadores de la salud fueron
menores, los médicos adquirieron mdas bacterias. En concreto, personal sanitario contrajo
Enterococcus spp., Staphylococcus. epidermis, Acinetobacter spp., Escherichia. coli, entre
otros. Los perfiles de resistencia y susceptibilidad mostraron que S. aureus era susceptible a los
antibioticos; sin embargo, el S. aureus fue resistente a ceftriaxona, eritromicina y amoxicilina-
acido clavuldnico. Conclusién: Los microorganismos detectados desencadenan patologias de
importancia clinica como infecciones de la piel, sepsis, gastroenteritis, entre otras; ademas, las
bacterias son causantes de patologias de mayor importancia clinica, como las patologias
nosocomiales debidas a la actividad laboral en el dmbito hospitalario, que requieren un



tratamiento invasivo. Es necesario cambiar la forma de prescribir y utilizar los antibiodticos,
incluso si se desarrollan nuevos medicamentos, para reducir la resistencia a los antibidticos.

Palabras Clave: Infeccion  Hospitalaria.  Infecciones  Comunitarias  Adquiridas.
Farmacorresistencia Bacteriana. Desinfeccion de las Manos. Personal de Salud.

INTRODUCTION

According to the World Health Organization (WHO), inequalities between high- and
lower-income countries regarding proper hand hygiene facilities need to be reduced, since only 1
in 10 healthcare workers have appropriate hand hygiene practices while caring for patients at high
risk of healthcare-associated infections (HAIs).! Inadequate hygiene can'lead to the spread of high-
risk bacteria. Notably, healthcare workers’ hands have tested positive for gram-negative bacteria
such as Enterococcus spp. (19.7%), Pseudomonas spp. (13.7%), Escherichia. coli. (E. coli) (4.2%),
Klebsiella oxytoca (1.4%), and Enterococcus faecalis (1.4%).> Similarly, a study focused on hands
of nurses showed that they were colonized by S. epidermidis (64.7%), Staphylococcus. warneri
(63%), Enterococcus faecalis (7.5%), Staphylococcus  hominis (5.1%) and Enterobacter
agglomerans (4.2%).> A recent study of doctors, residents and nurses was conducted to assess
bacterial load on their hands. Results showed that hands were colonized by S. aureus (10.6%),
Coagulase Negative Staphylococcus(7.4%), aerobic spore bearing bacilli (3.2%), E. coli (3.2%),
Pseudomonas spp. (1.1%) and Acinetobacter spp. (1.1%).* These data indicates that healthcare
workers’ hands elevate the risk of transmitting pathogens to vulnerable patients, potentially leading
to HAIs. Additionally, the presence of multidrug-resistant bacteria on hands can contribute to the
dissemination of antibiotic-resistant strains, further compromising treatment efficacy. In fact, there
is evidence that HAIs tresult from nosocomial cross-infection propagated by microorganism
transmission between patients, primarily via healthcare professionals’ hands.’ Elevated bacterial
presence on personnel hands also relates to heightened bacterial resistance and multi-resistant
strains,® linked to healthcare system collapse, self-medication, rampant hospital antibiotic use, false
security, and improper protective equipment use.” Some studies have detected multidrug-resistant
bacteria on healthcare workers’ hands, including methicillin-resistant Staphylococcus aureus
(11.2%), vancomycin-resistant Enterococci (10%), multidrug-resistant Pseudomonas aeruginosa
(17.4%), and multidrug-resistant Acinetobacter baumannii (29.3%).8 Salehi et al. highlighted

Acinetobacter baumannii’s extensive drug resistance (40%) and multidrug resistance (100%)



against various antimicrobials (e.g., ceftriaxone, ciprofloxacin, meropenem, gentamicin,
tigecycline).” Regarding bacteria isolated from healthcare workers’ hands, significant resistance
was observed: S. aureus to oxacillin (59.6%), A. baumannii to imipenem (54.4%), ciprofloxacin
(63.3%), amoxiclav (100%), lomefloxacin (63.3%), cefotaxime (100%), piperacillin (54.5%),
cefepime (54.4%), Streptococci to gentamicin (100%), sulfamethoxazole (62.5%), and
Enterococcus spp. to sulfamethoxazole (100%).'° Most multidrug-resistant bacteria stem from
patients with infected wounds, with coagulase negative staphylococci and S. aureus displaying
100% resistance to penicillin and ampicillin. Both demonstrated 100% and 91.7% resistance to
oxacillin, respectively.!! Colombia’s Ministry of Health analysis in ICUs noted K. pneumoniae and
E. coli resistance to cephalosporins (37% and 26.9%, respectively), while 4. baumannii and P.
aeruginosa showed carbapenem resistance (31% and 37.8%, respectively). Gram-positive bacteria
are oxacillin-resistant (37.8%), and E. faecium showed vanecomyein resistance (22.3%).!2
Building upon the previously mentioned, the identification, resistance, and susceptibility
of microorganisms isolated from the hands of healthcare workers represent a critical area of
concern. Bacterial resistance and susceptibility, though subject to advances in pharmacological
research, pose significant threats to overall health. Governmental interventions and research
endeavors play essential roles in mitigating the adverse effects of these microorganisms on
healthcare workers’ hand hygiene practices.”® Studies have underscored the need for periodic
bacterial population assessments among healthcare workers to discern pathogen prevalence and
distribution based on¢ professional roles.!* Adherence to established clinical and surgical
handwashing protocols remains a crucial aspect to ensure effective hygiene practices. Based on
this, conducting a systematic review and meta-analysis on the identification, resistance, and
susceptibility of microorganisms on healthcare workers’ hands will address critical gaps, including
global disparities inhand hygiene practices, comprehensive identification of bacterial colonization,
and in-depth understanding of resistance patterns. It will assess variations in bacterial load and
pathogen prevalence among different professional roles, develop evidence-based infection control
strategies, identify common trends and variations in resistance, and highlight gaps to guide future
research. Moreover, this study aims to enhance overall healthcare safety by reducing pathogen
transmission, thereby protecting both healthcare professionals and patients from microbial

resistance threats. By pooling data from diverse sources, it becomes possible to derive more



accurate and generalized insights, identifying common trends, variations, and potential outliers.
This approach offers a more nuanced understanding of the prevalence, mechanisms, and
implications of bacterial resistance and susceptibility, contributing to evidence-based strategies for
infection control. Furthermore, such an approach can highlight gaps in knowledge, guide future
research directions, and inform decisions aimed at optimizing hand hygiene practices among
healthcare workers. Ultimately, a systematic review with meta-analysis serves as a crucial tool for
evidence-driven advancements in healthcare practices, safeguarding both medical professionals
and patients against the threats posed by microbial resistance.!> For this reason, the objective of
this investigation is to analyze, through a systematic review and meta-analysis, the identification,
resistance and susceptibility of microorganisms present in healthcare workers’ hands, identifying
the most relevant antimicrobial resistant bacteria and their prevalence. Although the field of
research is broad on this topic, the constant change in hespital practices and microbial behavior
requires an in-depth analysis based on what has been published by other authors. Research studies,
especially those utilizing meta-analysis, enable informed decision-making in everyday hospital
settings by revealing resistance and susceptibility patterns, the prevalence of microorganisms
among healthcare workers, and thus help reduce the risk of HAIs in patients. Additionally, this
information is valuable for healthcate professionals themselves, as it contributes to the proactive
management and prevention of disease transmission. Overall, this study moves forward on
developing targeted intervention strategies to improve hand hygiene practices across different
healthcare settings, especially in low-income countries. Additionally, the results may be useful to
perform longitudinal studies that monitor the effectiveness of these interventions over time and
assess changes in bacterial colonization and resistance patterns. Research should also explore the
molecular mechanisms of resistance to develop new antimicrobial agents and enhance existing
treatments. Furthermore, investigations into the impact of education and training programs on
healthcare workers’ adherence to hand hygiene protocols could provide valuable insights. Finally,
implementing real-time surveillance systems to track pathogen prevalence and resistance trends

would be crucial for informing dynamic, evidence-based infection control policies.

METHODS



This research was executed within the framework defined by the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA - 2020) guidelines, serving as a
methodological avenue to comprehensively, transparently, and accurately dissect data pertaining
to the resistance and susceptibility profiles of microorganisms isolated by healthcare personnel.

This systematic review included studies focused on identifying microorganisms present
on the hands of healthcare personnel, as well as those examining bacterial resistance and
susceptibility profiles of such microorganisms. The inclusion criteria for this study were
observational studies that investigated the colonization of healthcare workers’ hands by
microorganisms and their antibiotic resistance profiles. Eligible studies involved healthcare
professionals, including doctors, nurses, and nursing assistants, who  were exposed to
microorganisms in clinical settings, and reported data' on bacterial identification and
susceptibility/resistance to antibiotics using standardized methods such as antibiograms.
Additionally, the studies needed to clearly report the number of healthcare professionals with and
without bacterial colonization, allowing for direct comparison between these two groups. Only
studies published between 2010 and 2020 in English or Spanish were considered. Exclusion criteria
encompassed intervention studies, clinical trials, and studies focusing solely on patient populations
or non-clinical staff. Studies lacking detailed microbiological data, without standardized methods
for resistance testing or with a high risk of bias were excluded, as were non-peer-reviewed sources
like conference abstracts, book chapters, and gray literature.

A systematic inquiry was conducted to gather scientific evidence concerning the
categorization, resilience, and vulnerability of microorganisms isolated from healthcare workers’
hands. The investigation adhered to a structured PECO approach: P: Healthcare professionals,
including doctors, nurses, nursing assistants, surgical instrumentalists, exposed to colonization by
resistant microorganisms on their hands and practicing hand hygiene to mitigate HAIs. E: Exposure
to microorganisms on the hands of healthcare personnel, measuring the prevalence of antibiotic-
resistant bacteria. C: A comparison was made between the groups of healthcare personnel with the
presence of the most frequent bacteria; moreover, an assessment of the resistance of these bacteria
to different antibiotics commonly used in the hospital setting was performed. O: Identification of
the most common bacterial groups in healthcare personnel, as well as the determination of those

bacteria with the greatest resistance to different antibiotics, characterizing the resistance profiles to



key antibiotics among the predominant bacteria. Simultaneously, a comprehensive search strategy
was implemented to identify relevant research articles across various medical databases and
governmental health entities. The databases searched included PubMed/MEDLINE, Web of
Science, CINAHL, Embase, Cochrane CENTRAL, and SciELO. The search strategy was
developed using a combination of controlled vocabulary terms derived from the Spanish
(Descriptores en Ciencias de la Salud, DeCS) and English (Medical Subject Headings, MeSH)
thesaurus, as well as free-text keywords. Both English and Spanish language articles were
considered. Key search terms included 'bacteria,' 'microbial resistance,' 'healthcare workers,' and
'hand hygiene,' among others. Boolean operators, specifically 'AND', were used to combine search
terms effectively. Additionally, the search strategy was refined iteratively by including terms such
as 'antibiotic sensitivity,' 'health personnel,’ 'drug-resistant bacteria,’ 'hand,' 'antibiogram,' and
'susceptibility.’ Filters and limits were not applied during the initial search to ensure inclusivity of
relevant literature.

Two independent investigators conducted the screening process using the designated
keywords and methodologies outlined in the study protocol. All titles and abstracts retrieved from
the search engines were reviewed for potential inclusion in the analysis. Any discrepancies between
the two reviewers were resolved through discussion or consultation with a third reviewer if
necessary. Full-text articles of potentially relevant studies were obtained and assessed against the
predetermined inclusion criteria. Data’ extraction was performed using a standardized data
collection form, which included fields for recording information such as resistant and multi-
resistant bacterial strains, quantification methodologies, clinical relevance, and significance to
hand hygiene practices. The organized tabulation facilitated systematic assimilation and
identification of pertinent data regarding bacterial agents associated with hand hygiene.

To assess the risk of bias within included studies, each investigator independently
evaluated various elements including random sequence generation, blinding procedures, handling
of incomplete data and outcomes, and other potential sources of bias, using established tools such
as the Cochrane Risk of Bias Tool or the Newcastle-Ottawa Scale for observational studies. Any
discrepancies in the assessment of bias were resolved through discussion or consultation with a
third reviewer. Furthermore, the quality appraisal of included studies, data synthesis methods,

assessment of study duplication, blinding procedures, and potential sources of bias were



collaboratively reviewed by the two investigators to ensure consistency and accuracy in the
interpretation of findings. Automation tools were not utilized in the screening or data extraction
process.

The data preparation for presentation and synthesis involved employing the Mantel-
Haenszel statistical approach to analyze dichotomous data, utilizing risk ratios (RR) accompanied
by a 95% confidence interval (CI). The RR was calculated to compare the likelihood of bacterial
colonization between the two defined groups. The first group consisted of healthcare professionals
with bacterial presence on their hands, while the second group included those without bacterial
colonization. Although the total population size was the same for both groups, the RR was used to
quantify the difference in colonization risk between them. The RR calculations were based on 2x2
contingency tables, comparing the events (bacterial colonization) and non-events. A meticulous
review of the literature was conducted to address missing summary: statistics, and efforts were made
to contact study authors for any necessary data clarification or supplementation. Tabulation and
visual display of results were achieved through the use of forest plots, allowing for a clear
representation of individual study findings and. facilitating comparison across studies. The
synthesis of results was based on a rationale grounded in the nature of data and the research
question. Statistical heterogeneity was assessed using the I? statistic, with a threshold of > > 50%
indicating substantial heterogeneity. A fixed-effects model was employed in the absence of
significant heterogeneity (I < 50%, P.> 0.1), while a random-effects model was utilized when
heterogeneity was observed. Sensitivity analyses were conducted to assess the robustness of
synthesized results; ensuring the reliability of findings. The statistical software Revman 5.4.1
(Cochrane, London, United Kingdom) was utilized for analysis, with a significance level set at p <
0.05. These rigorous methods allowed for comprehensive exploration and synthesis of the available
evidence, while maintaining transparency and reproducibility in accordance with PRISMA

guidelines.'¢
RESULTS AND DISCUSSION

Data selection
Thirteen research articles were discerned for executing the respective systematic review

and meta-analysis. Adhering to the PRISMA-2020 guidelines, the selection process is illustrated



in Figure 1. Initially, 80 articles pertinent to hand hygiene in healthcare professionals were
identified, of which 67 were excluded due to non-conformance with inclusion criteria.

Subsequently, 14 research articles were deemed suitable for inclusion in the meta-analysis.
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Figure 1. Illustrative schematic of the study selection procedure for conducting the meta-analysis.




Bacteria identification on hands of healthcare personnel

The frequency of the most prevalent bacteria identified in the research studies
concentrating on hand hygiene practices among healthcare personnel is delineated in
supplementary material 1. Conforming to the frequency analysis, a Total staff/Total bacteria ratio
was discerned, highlighting a cumulative total of 3,187 healthcare workers participating in hand
hygiene activities, within which 2,257 bacterial specimens were ascertained. Particularly
noteworthy among the bacteria frequently encountered on healthcare personnel’s hands were S.
aureus (377), Acinetobacter spp. (339), Staphylococcus spp. (316),.S. epidermidis (294), CoNS
(284), Enterobacter (109), and E. coli (75), among others. Conversely, less frequently observed
bacteria included Citrobacter spp (7), K species (5), Klebsiella spp. (5), Enterobacter aerogenes
(4), Serratia (4), and Streptococcus pneumoniae (2).
Resistance profiles and susceptibility to antibiotics in.the bacteria present in the hands of
healthcare personnel

The presence and absence of bacteria on the hands of healthcare personnel are delineated
in Figure 2A. The outcomes revealed that 571 healthcare workers manifested bacterial colonization
on their hands, while 901 health personnel demonstrated an absence of pathogenic bacteria.
However, the research conducted by Sun et al.!” indicated that their study cohort stood as the
singular group in which the presence of bacteria on healthcare personnel’s hands exhibited
statistical significance (p < 0.00001).  Considering the aforementioned information, a more
comprehensive analysis was undertaken to ascertain the specific healthcare personnel vulnerable
to bacterial exposure. In this context, Figure 2B illustrates that in general, doctors, nurses, and other
healthcare staff do not exhibit predisposition to bacterial colonization on their hands (p < 0.00001);
however, the study by Sun et al.!” revealed that the subgroup of doctors has the most substantial

risk of bacterial acquisition (p < 0.00001)."



A)

Health personnel with bacteria

Health personnel without bacteria

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Edem E. 2013 20 48 28 48 31%  0.71[0.47,1.08] 7
Hammuel C. 2014 5 20 15 20 1.7% 0.33[0.15,0.74] —_—
Méndez |. 2012 45 155 110 185 12.2% 0.41[0.31,0.53] -
Onifade E. 2018 21 97 76 97  84%  028(019,041)] -
Paul R. 2011 26 44 18 44 2.0% 1.44[0.94,2.22] —
Ssemogerere L. 2019 32 56 24 56 2.7% 1.33[0.91,1.95] nam
SunY. 2016 153 265 112 265 12.4%  1.37[1.15,1.63] -
Tajeddin E. 2016 199 575 376 575 41.7%  053[0.47,0.60] u
TanT. 2013 1" 75 64 75 71% 0.17[0.10,0.30] —
Visalachy S. 2016 59 137 78 137 8.7% 0.76 [0.59, 0.96] -
Total (95% CI) 1472 1472 100.0%  0.63[0.59, 0.69] ]
Total events 571 901
Heterogeneity: Chi*= 164.82, df= 9 (P < 0.00001); F= 95% ?001 011 110 100’
Testfor overall effect: Z=11.42 (P < 0.00001) ’ There is no risk There is risk
B)

Health professionals with bacteria  Health professionals without bacteria Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 Doctors
EdemE. 2013 13 28 18 28 1.7% 0.87 [0.51,1.47] T
Méndez . 2012 45 155 110 185 12.2% 0.41[0.31,0.53] -
Paul R. 2011 26 44 18 44 2.0% 1.44[0.94, 2.22] —
Ssemogerere L. 2019 32 56 24 56 27% 1.33[0.91,1.95] ~
SunY. 2016 163 265 12 265 12.5% 1.37 [1.15,1.63] -
Tajeddin E. 2016 7 26 19 26 2.1% 0.371[019,0.72] —_—
Visalachy 5. 2016 7 13 6 13 0.7% 1.17 [0.54, 2.53] i —
Subtotal (95% Cl) 587 587 33.8% 0.93[0.83, 1.05] [
Total events 283 304
Heterogeneity: Chi#= 70.39, df= 6 (P < 0.00001); IF= 91%
Testfor overall effect: Z=1.18 (P =0.24)
2.1.2 Nurses
EdemE. 2013 7 20 13 28 1.2% 0.75[0.37, 1.55] T
Hammuel C. 2014 5 20 15 200 1.7% 0.33[0.15,0.74]
Tajeddin E. 2016 144 426 282 426 31.4% 0.51[0.44, 0.59] -
Visalachy S. 2016 46 102 56 102 6.2% 0.82[0.62,1.08) -1
Subtotal (95% CI) 568 576 40.5% 0.56 [0.49, 0.63] ¢
Total events 202 366
Heterogeneity: Chi*=11.10, df= 3 (P = 0.01); F= 73%
Test for overall effect: Z=8.98 (P < 0.00001)
2.1.3 Other heaith professionals
Onifade E. 2018 2 97 76 97  8.5% 0.28[0.19, 0.41] aa
Tajeddin E. 2016 48 123 75 123 83%  0.64[0.49,083) -
TanT. 2013 " 75 64 75 T1% 0.17[0.10,0.30] I
Visalachy S. 2016 6 22 16 22 1.8% 0.38[0.18,0.78] e
Subtotal (95% CI) 317 317 25.7% 0.37[0.31, 0.45] ¢
Total events 86 23
Heterogeneity: Chi®= 26.09, df= 3 (P < 0.00001); F=88%
Test for overall effect: Z=9.90 (P < 0.00001)
Total (95% Cl) 1472 1480 100.0%  0.64[0.59, 0.69] ]
Total events 571 901
Heterogeneity: Chi#= 174.18, df = 14 (P < 0.00001); F= 92% 40_01 0?1 1‘0 100‘

Test for overall effect: Z=11.29 (P < 0.00001)

Testfor subaroup differences: Chi*= 71.86. df= 2 (P < 0.00001). F=97.2%

There is no risk There is risk

Figure 2. A) Presence and absence of bacteria in healthcare workers (studies conducted between 2011-2019). B)
Bacterial occurrence among doctors, nurses, and other healthcare personnel (studies conducted between 2011-2019).

An analysis was executed to discern the bacterial taxonomy evident on the hands of

healthcare workers (Figure 3). In accordance with the conducted analysis, healthcare personnel did

not exhibit exposure to pathogens such as Enterococcus spp., Acinetobacter spp., E. coli,

Pseudomonas spp., and Bacillus spp.® Nonetheless, studies undertaken by Sun et al.!” and Tajeddin

et al.!® demonstrated that the hands of healthcare personnel harbored S. aureus and S. epidermidis,

respectively (p < 0.00001).



Studies that reported the presence of bacteria  Studies that did not report the presence of bacteria Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.1.1 8. aureus
Ajao A 2015 a2 139 110 138 1.7% 0.75[0.63,0.88) -
EdemE. 2013 30 54 24 54 0.4% 1.25[0.85,1.83] T
Hammuel C. 2014 5 5 1) 5 0.0% 11.00[0.77,158.01] T
LaFauciV. 2019 119 924 892 924 139% 013[0.11,0.16] -
Mariya N. 2010 8 40 32 40 0.5% 0.25[0.13,0.47) —_—
Méndez 1. 2012 11 515 404 515 6.3% 0.27[0.23,033) -
Onifade E. 2018 26 82 56 82 0.9% 0.46 [0.33, 0.66] -
PaulR. 2011 2 16 14 16 02% 0.14[0.04,0.53]
SunY. 2016 85 119 34 119 05% 2.50[1.84,3.39] -
Tajeddin E. 2016 2 2 0 2 0.0% 5.00[0.38, 66.01] —
TapiaJ. 2013 47 263 216 263 3.4% 0.22[0.17,0.28] -
Subtotal (95% CI) 2159 2159 27.7% 0.29[0.27,0.31] ]
Total events 517 1782
Heterogeneity: Chi*= 482.24, df= 10 (P < 0.00001); F= 98%
Test for overall effect: Z= 30.06 (P < 0.00001)
3.1.2 Enterococcus spp.
Ajao A 2015 22 139 17 139 1.8% 0.19[0.13,0.28] -
Mariya N. 2010 9 40 3 40 0.5% 0.29[0.16,0.53] -
Tajeddin E. 2016 8 263 255 263 4.0% 0.03[0.02,006) ——
Subtotal (95% Cl) 442 442 6.3% 0.10[0.07, 0.13] <
Total events 39 403
Heterogeneity: Chi®= 34.52, df= 2 (P < 0.00001); = 94%
Test for overall effect: Z=15.11 (P < 0.00001)
3.1.3 S. epidermis
Edem E. 2013 10 54 44 54 0.7% 0.23[0.13,0.40] -
Méndez 1. 2012 118 515 397 515  6.2% 0.30[0.25,0.35) -
Tajeddin E. 2016 166 263 97 263 1.5% 1.71[1.42, 2.06] -
Subtotal (95% Cl) 832 832 8.4% 0.55[0.49, 0.61] +
Total events 204 538
Heterogeneity: Chi*= 210.43, df= 2 (P < 0.00001); = 99%
Test for overall effect: Z=10.63 (P < 0.00001)
3.1.4 Acinetobacter spp.
Ajao A. 2015 16 139 123 139 1.9% 0.13[0.08,0.21] e
LaFauciV. 2019 44 924 880 924 13.7% 0.05[0.04,0.07) -
Mariya N. 2010 9 40 3 40 0.5% 0.29[0.16,0.53] -
Méndez 1. 2012 258 515 257 515  4.0% 1.00[0.89,1.13] 1
Ssemogerere L. 2019 " 32 21 32 03% 0.52[0.31,0.90] -
Visalachy S. 2016 1 66 65 66 1.0% 0.02([0.00,011] &—
Subtotal (95% CI) 1716 1716 214%  0.25[0.22,0.27] )
Total events 339 1377
Heterogeneity: Chi*= 648.64, df= 5 (P < 0.00001); F= 99%
Test for overall effect: Z= 26.40 (P < 0.00001)
3.1.5E. coli
Ajao A 2015 18 139 121 139 1.9% 0.15(0.10,0.23] e
EdemE. 2013 1 54 53 54  0.8% 0.02[0.00,013] ¥———
Méndez 1. 2012 4 515 511 515  8.0% 0.01[0.00,0.02) +—
Onifade E. 2018 41 82 41 82  0.6% 1.00[0.74,1.36] T
Sun'Y. 2016 1" 119 108 M9 1.7% 0.10[0.06,0.18] -
Subtotal (95% Cl) 909 909 13.0% 0.09 [0.07,0.11] ¢
Total events 75 834
Heterogeneity: Chi*= 269.70, df= 4 (P < 0.00001); = 99%
Test for overall effect: Z=21.21 (P < 0.00001)
3.1.6 Pseudomonas spp.
LaFauciV. 2019 52 924 908 924 141% 0.06 [0.04,0.07] -
Mariya N. 2010 5 40 35 40 0.5% 0.14 [0.06,0.33] e
Ssemogerere L. 2019 7 32 25 32 0.4% 0.28[0.14,0.55) —_—
Visalachy S. 2016 4 66 62 66 1.0% 0.06 [0.02,0.17]
Subtotal (95% CI) 1062 1062  16.0% 0.07 [0.05, 0.08] L 2
Total events 68 1030
Heterogeneity: Chi*= 21.80, df= 3 (P < 0.0001); F= 86%
Test for overall effect: Z= 23.11 (P < 0.00001)
3.1.7 Bacillus spp.
Ajao A 2015 1 139 128 139 2.0%  0.09(0.05,0.15) —_—
Ssemogerere L. 2019 4 32 28 32 0.4% 0.14 [0.06, 0.36]
Tajeddin E. 2016 14 263 249 263 39% 0.06 [0.03, 0.09] e
Visalachy 8. 2016 10 66 56 66 0.9% 018[0.10,0.32) —
Subtotal (95% CI) 500 500 7.2% 0.08 [0.06, 0.11] L 2
Total events 39 461
Heterogeneity: Chi*= 10.07, df= 3 (P = 0.02); F= 70%
Test for overall effect: Z= 15.98 (P < 0.00001)
Total (95% CI) 7620 7620 100.0% 0.21[0.20, 0.22] )
Total events 1371 6425

i Chif = - e L ' L |
Heterogeneity: Chi*= 2207.05, df= 35 (P < 0.00001); F= 98% o1 o I 100

Testfor overall effect: Z=59.34 (P < 0.00001)

Test far subnrnun differences Chi*= 4045 Q3 df= AP < N NNNN1TY 7= QR A%

Thereis norisk There is risk

Figure 3. Taxonomic categorization of distinct bacterial species detected and absent on the hands of healthcare
workers (studies conducted between 2011-2019).

According to the findings of our analysis, S. aureus emerges as the predominant bacteria

on healthcare personnel’s hands. Significantly, the statistical analysis underscored the



susceptibility of S. aureus to antibiotics including ampicillin, vancomycin, and ofloxacin (p <
0.00001). Consequently, a statistical examination was conducted to delineate the resistance and
susceptibility pattern of this pathogen towards various antibiotics (Figure 4). The results revealed
that antibiotics such as erythromycin,!”!® oxacillin,!° ceftriaxone,!®!” gentamicin and augmentin,'®
erythromycin and ciprofloxacin,?® exhibited a substantial degree of resistance in combating the

effects induced by S. aureus (p < 0.00001).



Resistant to S. aureus  Sensitive to S. aureus Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
4.1.1 Ampicillin
Ajao A 2015 0 100 100 100 4.9% 0.00[0.00,0.08] +——
Hammuel C. 2014 32 100 68 100 3.3% 0.47 [0.34, 0.65] -
LaFauciV. 2019 50 100 50 100 2.4% 1.00[0.76, 1.32] T
Subtotal (95% CI) 300 300 10.6% 0.38[0.31,0.47] *
Total events 82 218
Heterogeneity: Chi*= 58.72, df= 2 (P < 0.00001); F=97%
Test for overall effect: Z=9.10 (P < 0.00001)
4.1.2 Ceftriaxone
EdemE. 2013 12 100 a8 100 4.3% 0.14 [0.08, 0.23] -
LaFauciV. 2019 63 100 37 100 1.8% 1.70[1.27, 2.29] -
Onifade E. 2018 a0 100 10 100 0.5% 9.00 [4.98, 16.26] -
Subtotal (95% CI) 300 300 6.5% 1.22[1.01, 1.48] >
Total events 165 135
Heterogeneity: Chi*= 112.94, df= 2 (P < 0.00001); F= 98%
Test for overall effect: Z= 2.05 (P = 0.04)
4.1.3 Oxacillin
Edem E. 2013 18 100 82 100 4.0% 0.22[0.14,0.34] _—
La FauciV. 2019 25 100 75 100 36% 0.33[0.23,0.48] -
Tajeddin E. 2016 60 100 40 100 1.9% 1.50([1.12, 2.00] -
Subtotal (95% CI) 300 300 9.5% 0.52[0.43,0.63] ¢
Total events 103 197
Heterogeneity: Chi*= 73.12, df= 2 (P < 0.00001); F= 97%
Test for overall effect: Z= 6.79 (P < 0.00001)
4.1.4 Vancomycin
Ajao A 2015 0 100 100 100 4.9% 0.00[0.00,0.08] ¥——
Hammuel C. 2014 0 100 100 100 49% 0.00[0.00,0.08] ——
La FauciV. 2019 o 100 100 100 4.9% 0.00 [0.00,0.08] ——
Paul R. 2011 100 100 1] 100 0.0% 201.00[12.66,3191.60] —
Subtotal (95% CI) 400 400 14.6% 0.34[0.27,0.42] L
Total events 100 300
Heterogeneity: Chi*= 47.33, df= 3 (P < 0.00001); F= 94%
Testfor overall effect: Z= 9.53 (P < 0.00001)
4.1.5 Gentamicin
Ajao A 2015 o 100 100 100 4.9% 0.00 [0.00,0.08] ——
Hammuel C. 2014 0 100 100 100 4.9% 0.00[0.00,0.08] ——
Onifade E. 2018 70 100 30 100 1.5% 2.33[1.68,3.23] -
PaulR. 2011 100 100 0 100 0.0% 201.00[12.66, 3191.60] —
SunY. 2016 5 100 95 100 46% 0.05[0.02,0132) —_—
Tajeddin E. 2016 4 100 96 100 46% 0.04[0.02,0.11] e
Subtotal (95% CI) 600 600 20.4% 0.43[0.36, 0.50] L 2
Total events 179 421
Heterogeneity: Chi*= 188.86, df= 5 (P < 0.00001); F=97%
Test for overall effect: Z=10.10 (P < 0.00001)
4.1.6 Ofloxacin
Ajao A 2015 o 100 100 100 49% 0.00[0.00,0.08] ——
Onifade E. 2018 50 100 50 100 2.4% 1.00[0.76,1.32] T
SunY. 2016 36 100 64 100 31% 0.56 [0.42,0.76) —
Subtotal (95% CI) 300 300 10.4% 0.40[0.33, 0.50] L 2
Total events 86 214
Heterogeneity: Chi*= 55.68, df= 2 (P < 0.00001); F= 96%
Test for overall effect: Z= 8.66 (P < 0.00001)
4.1.7 Erythromycin
Ajao A 2015 100 100 1] 100 0.0% 201.00[12.66, 3191.60] EEE—
Edem E. 2013 13 100 a7 100 4.2% 0.15[0.09, 0.25) —_—
Onifade E. 2018 80 100 20 100 1.0% 4.00[2.67,5.99] -
SunY. 2016 58 100 42 100 2.0% 1.38[1.04,1.84)] e
Subtotal (95% CI) 400 400 7.2% 1.68[1.41, 2.00] ¢
Total events 251 149
Heterogeneity: Chi*= 116.67, df= 3 (P < 0.00001); F=97%
Test for overall effect: Z= 5.86 (P < 0.00001)
4.1.8 Ciprofloxacin
Ajao A 2015 o 100 100 100 4.9% 0.00 [0.00,0.08] ——
Edem E. 2013 23 100 77 100 37% 0.30[0.21,0.43] -
PaulR. 2011 80 100 20 100 1.0% 4.00[2.67,5.99] e
SunY. 2016 25 100 75 100 3.6% 0.33[0.23, 0.48] e
Tajeddin E. 2016 13 100 a7 100 4.2% 0.15[0.09, 0.25] —_—
Subtotal (95% CI) 500 500 17.4% 0.39[0.33, 0.47] 4
Total events 141 359
Heterogeneity: Chi*=152.73, df= 4 (P < 0.00001); F=97%
Test for overall effect: Z=10.90 (P < 0.00001)
4.1.9 Augmentin
Ajao A 2015 100 100 0 100 0.0% 201.00[12.66, 3191.60] —
Onifade E. 2018 60 100 40 100 1.9% 1.50[1.12, 2.00] -
SunY. 2016 7 100 29 100 1.4% 2.45[1.76,3.41) -
Subtotal (95% CI) 300 300 3.4% 3.33[2.66, 4.17] L 2
Total events 231 69
Heterogeneity: Chi*= 41.14, df= 2 (P < 0.00001); F= 95%
Test for overall effect: Z=10.51 (P < 0.00001)
Total (95% Cl) 3400 3400 100.0% 0.65[0.61, 0.69] ]
Total events 1338 2062
Heterogeneity: Chi*= 897.37, df= 33 (P < 0.00001); F= 96% 50 0 + t 100;

Test for overall effect: Z=14.01 (P < 0.00001)
Test for suhnrnun differences: Chiz= AN3 39 df= R /P < N NNNN1Y 7= QR 4%

Figure 4. Bacterial resistance and susceptibility of S. aureus to different antibiotics (studies conducted between
2011-2019).

01 10
There is norisk There is risk



Acinetobacter is another bacterial genus displaying antimicrobial resistance among
healthcare workers’ hands. For instance, the study conducted by Ajao et al. ascertained that
Acinetobacter demonstrated resistance against gentamicin (p < 0.00001) (Figure 5A).2!' No
statistical significance was observed in the remaining investigations. Another highly relevant
microorganism that was identified in this meta-analysis was E. coli (Figure 5B). The analysis
evidenced that E. coli tends to be sensitive to antibiotics such as gentamicin, ofloxacin and
ciprofloxacin (p < 0.00001). However, in the study carried out by Ajao et al. it was found that E.
coli was resistant to Amoxicillin (p < 0.00001).*!

This study associates bacterial presence/absence with healthcare workers’ hands, thus
evidencing that out of a total of 587 doctors, only 283 were in contact with bacteria. The study
conducted by Sun et al.!” was the most representative, revealing 156-bacteria; followed by the

20.22-24 311 of which identified bacterial colonization on the hands of the

studies carried out by,
medical personnel.?*28 Similarly, in comparison to,* this study demonstrates the presence of
pathogens like S. aureus and Pseudomonas. aeruginosa on healthcare personnel’s hands.
Conversely, bacteria correlate with presence/absence, highlighting 23% S. aureus incidents in all
samples (517/2,159). This emphasizes'significant risk of bacterial acquisition according to several
authors,!%:17:23-2630 [ jkewise, 39 instances of Enterococcus spp were identified out of a total of 442
reviewed bacteria. However, data found during the analysis were insufficient to statistically
identify the presence of bacteria on healthcare workers’ hands. In a similar vein, there were 294
occurrences of S. epidermidis out of 832 reviewed bacteria. Consequently, it was observed that, as
per Tajeddin et al.'®S. epidermidis holds a relatively noteworthy potential for contraction.??
Correspondingly, the Acinetobacter spp. were identified in 339 instances out of 1,716, indicating
that these bacteria do not hold significant prominence in the risk of contraction.’! As for E. coli
bacteria, they were identified in 75 occurrences out of a total of 909 reviewed bacteria. This shows
that these bacteria carry a relatively noteworthy potential for contraction, as indicated by the study
conducted by Onifade et al.!® Concerning Pseudomonas, 68 instances were identified; however,
upon analysis, it was observed that there is no significant data supporting the acquisition of the
pathogen. Lastly, 39 occurrences were discovered for Bacillus spp, presenting statistically

significant data that indicate the potential for contracting this type of bacteria.



A)

Resistant - Acinetobacter  Sensitive - Acinetobacter Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
5.1.1 Gentamicin
Ajao A 2015 100 100 0 100 0.3% 201.00[12.66, 3191.60] _—
LaFauci¥. 2019 20 100 80 100 44.6% 0.25[0.17,0.37] -
Ssemogerere L. 2019 1 100 99 100 55.2% 0.01 [0.00,0.07) F——
Subtotal (95% CI) 300 300 100.0% 0.68 [0.55, 0.84] L 2
Total events 121 179
Heterogeneity: Chi*= 57.49, df= 2 (P < 0.00001); *= 97%
Testfor overall effect: Z= 3.53 (P = 0.0004)
Total (95% CI) 300 300 100.0% 0.68 [0.55, 0.84] L 2
Total events 121 179
Heterogeneity: Chi’:I 57_,49, df= 2_(F' =0.00001); F=97% 50_01 0?1 150 1005
Testfor overall effect: Z= 3.53 (P = 0.0004) There is no risk There is risk
Test far subaroun differences: Not annlicable
B)
Resistant to E. coli  Sensitive to E. coli Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
6.1.1 Gentamicin
Ajao A. 2015 0 100 100 100 9.0% 0.00[0.00,008) —
La FauciV. 2019 36 100 64 100 5.8% 0.56 [0.42, 0.76] -
Ssemogerere L. 2019 1 100 99 100 8.9% 0.01[0.00,0.07] —
SunY. 2016 0 100 100 100 9.0% 0.00[0.00,008] ——
Subtotal (95% CI) 400 400 32.7% 0.10[0.08, 0.14] R4
Total events 37 363
Heterogeneity: Chi®= 136.02, df= 3 (P < 0.00001); F= 98%
Testfor overall effect: Z=14.17 (P < 0.00001)
6.1.2 Ofloxacin
Ajao A 2015 0 100 100 100 9.0% 0.00[0.00,0.08] ——
Onifade E. 2018 36 100 64 100 5.8% 0.56 [0.42,0.76] -
SunY. 2016 5 100 95 100 8.5% 0.05([0.02,012] e
Subtotal (95% CI) 300 300 23.3% 0.16 [0.12, 0.21] L3
Total events 41 259
Heterogeneity: Chi®=80.12, df=2 (P < 0.00001), F=98%
Test for overall effect: Z=12.17 (P < 0.00001)
6.1.3 Ciprofloxacin
Ajao A 2015 0 100 100 100 9.0% 0.00[0.00,0.08] ——
EdemE. 2013 1 100 99 100 8.9% 0.01[0.00,0.07]) ——
SunY. 2016 3 100 97 100 8.7% 0.03[0.01,009 ————
Subtotal (95% CI) 300 300 26.6% 0.02[0.01, 0.04]
Total events 4 296
Heterogeneity: Chi®= 2.36, df= 2 (P =0.31), F=15%
Test for overall effect: Z=8.95 (P < 0.00001)
6.1.4 Amoxicillin
Ajao A 2015 100 100 0 100 0.0% 201.00[12.66,3191.60] _—
EdemE. 2013 0 100 100 100 9.0% 0.00[0.00,0.08) ——
SunY. 2016 g 100 92 100 8.3% 0.09[0.04,017] —_—
Subtotal (95% CI) 300 300 17.3% 0.56 [0.45, 0.71] L 2
Total events 108 192
Heterogeneity: Chi®= 58.80, df= 2 (P <= 0.00001), F=97%
Test for overall effect: Z= 4.91 (P < 0.00001)
Total (95% CI) 1300 1300 100.0% 0.17 [0.15, 0.20] ¢
Total events 180 1110

iz _ o L | ' y
Heterogeneity: Chi®= 21212, df=12 (P < 0.00001); F= 94% 001 01 10 100

Testfor overall effect: Z= 23.70 (P < 0.00001)

Test far subaroun differences: Chi*= 12330 df=3 (P = 0.00001Y 7= 97 %
Figure 5. A) Bacterial resistance and susceptibility of Acinetobacter to gentamicin (studies conducted between 2015-

2019). B) Resistance and sensitivity of antibiotics to E. coli to different antibiotics (studies conducted between 2013-

2019).

There is norisk There is risk

Concerning bacterial presence among healthcare workers, this investigation unveiled 571

instances out of 1,472. Notably, doctors, nurses, and other healthcare professionals display limited

awareness of hand bacterial colonization,

22,24

whereas doctors and nurses, according to,

17,20,23



exhibit relatively significant susceptibility to diverse bacterial strains. As supported by Avadhani
et al. proper hand hygiene is vital in curbing infection transmission by medical and nursing
personnel.*? Similarly, E. coli pathogens are detected in healthcare personnel’s hands due to fecal
contamination, signaling deficient post-toilet hand hygiene. The analyzed studies identify a
minimum presence of two pathogens among 20 healthcare workers, contrasting with up to 924
bacteria in 1,848 health professionals.?426-2730

Based on the sensitivity profile and bacterial resistance, it has been identified. that,
according to the list of antibiotic-resistant microorganisms released by the PAHO in 2021, S.
aureus currently exhibits sensitivity to broad-spectrum antibiotics.’® Among these, the clinical
significance of vancomycin’s action spectrum is noteworthy, as‘it displays reduced efficacy in
counteracting bacterial effects during potential infections. In the study conducted by Paul et al.?’ a
reduced risk of S. aureus acquisition was observed; however, the efficacy of protective measures
through drug intervention is diminishing due to the emergence of resistant strains.?® Similarly, as
indicated by Rodriguez et al.>* vancomycin resistance is indeed present in S. aureus, attributed to
cell wall modifications that sequester the antibiotic before it reaches the site of action, thereby
failing to achieve the desired bactericidal effect. According to the findings of this study, it was
evident that 82 cases out of a total of 300 occurrences of S. aureus were resistant to ampicillin,
while 218 cases exhibited sensitivity. Consequently, a significant risk in harboring the pathogen is
evident.!” Accordingly tothe PAHO, S. aureus resistance, particularly in cases involving
methicillin and vancomyein, constitutes the highest critical risk, yet devoid of clinical
significance.’® Bacterial resistance and susceptibility of Acinetobacter to gentamicin were observed
in 121 cases, while 179 occurrences demonstrated sensitivity. In the study conducted by La Fauci
et al.’” insignificance in the risk of bacterial containment was noted. According to the PAHO,
gentamicin has shown resistance against Acinetobacter, as it is categorized as an aminoglycoside
rather than a carbapenem.* In studies carried out by,'®!” E. coli exhibited a heterogeneity of 97%
in comparison to gentamicin and ofloxacin, signifying insignificance in risk. Conversely, against
ciprofloxacin and amoxicillin, it presented a very low point estimate with weak evidence,
suggesting no statistical difference from effects shown in studies by various authors. This
demonstrates sensitivity of this pathogen to ciprofloxacin (77.1%) and amoxicillin (93.1%),

highlighting effective management against its impact on at-risk populations” health.®



Various antibiotics—such as gentamicin, ofloxacin, oxacillin, vancomycin, ciprofloxacin,
Augmentin, ampicillin, and ceftriaxone—are employed to counter pathogens including S. aureus,
Enterococcus spp., S. epidermidis, Acinetobacter spp., E. coli, Pseudomonas spp., and Bacillus
spp. Nonetheless, varying degrees of bacterial resistance emerge. Verification requires cultures and
antibiograms for optimal management considering cost, availability, administration, and response
times to bacterial colonization. Studies evaluating healthcare workers’ hand hygiene practices,
conducted by,***> reveal that 45% perceived good knowledge, while 55% perceived moderate
knowledge. These findings underscore the responsibility of health professionals to ensure habitual
hand hygiene adherence, prioritizing it institutionally. Limitations surfaced during analysis, with
some studies failing to distinguish between bacterial resistance and susceptibility percentages.
Certain studies even omitted pathogen identification despite stated focus. Similarly, biological
constraints emerged, accompanied by lack of precision-in. defining the healthcare professional
population and study sample for hand hygiene assessment.

In general terms, hand hygiene has gained prevalence over the last two years as a
prominent defense against COVID-19.3¢ Yet, its. significance extends beyond recent times,
encompassing years of use in combating HAIs and the dissemination of multidrug-resistant
microorganisms.®’ Despite handwashing being championed as an efficient, cost-effective approach
to curbing HAIs, compliance remains notably low among healthcare workers in both developed
and developing nations.’3<An investigation examining hand hygiene awareness among 289
healthcare workers observed noteworthy outcomes. After interventions, handwashing adherence
considerably improved in pediatrics, internal medicine, and obstetrics-gynecology departments.
Health personnel perception concerning the likelihood of hospitalized patients developing HAIs
also significantly rose from 49.7% to 58.6% post-intervention.** In a comparable study, findings
revealed gaps in handwashing infrastructure, where units lacked hand hygiene posters or policies,
alcohol-based hand rubs, and few toilets had flowing tap water throughout the day. In terms of
healthcare workers behavior, some of them performed handwashing before patient contact, before
aseptic procedures, after potential body fluid exposure, and following patient interactions.’® Genc
et al. investigated to gauge nasal S. aureus carriage rates and methicillin-resistant S. aureus among
health personnel by analyzing the relationship between carriage, individual risk factors and hand

hygiene practices. Outcomes revealed a 20.1% prevalence of S. aureus carriage within 54 S. aureus



carriers. Notably, S. aureus culture positivity exhibited a significant decrease in tandem with
heightened handwashing frequency.*® In this sense, health education is crucial to promote
handwashing and support not only medical staff, but also patients to enhance hand hygiene
frequency and technique. !>

In the realm of research, the wide range of diseases linked to healthcare is acknowledged,
particularly given the ongoing changes in hospital practices and the evolving nature of microbial
behavior. This underscores the pressing need for a comprehensive review of the existing literature.
As a consequence of this, the main objective of the present study was the identification of the
predominant microbial strains, as well as the evaluation of their degree of resistance to antibiotics,
specifically among the microorganisms present in the hands of healthcare personnel. The use of
meta-analysis, in particular, is a fundamental methodological tool in this type of research. This
technique enables the synthesis and analysis of data from multiple studies, which facilitates
obtaining robust conclusions and making informed decisions in everyday clinical practice. The
insights gained from this study are vital for reducing the risk of disease transmission within
healthcare environments. This is advantageous for both patients and healthcare personnel, as the
latter can act as active carriers of pathogens. However, certain limitations were noted; for example,
studies included in the review may differ significantly in terms of sample collection methods,
microbial identification techniques, and antimicrobial susceptibility testing. For example, some
studies might use swabbing, others might use imprint methods, and the types of media or growth
conditions can vary. Additionally, differences in defining and measuring outcomes, such as what
constitutes “resistance” or “‘colonization” versus transient contamination, can vary. This variability
can make it difficult to compare results across studies or aggregate data in a meaningful way. Other
limitations are related to publication and reporting bias, as the detail in which methods and results
are reported can vary, and some studies may not provide sufficient data on resistance mechanisms,
or the specific microorganisms identified. This lack of detailed reporting can limit the ability to
perform a thorough meta-analysis and may skew the understanding of the true scope of microbial
resistance and susceptibility patterns on healthcare workers’ hands. Finally, the resistance profiles
of microorganisms can change over time due to factors such as the introduction of new
antimicrobial agents or changes in infection control practices. Moreover, microbial flora and

resistance patterns can vary significantly between different regions and healthcare settings. A



systematic review and meta-analysis might aggregate data from different time periods and
geographic locations, potentially obscuring important trends and making it difficult to draw

specific, actionable conclusions for current practice in a particular setting.

CONCLUSION

Bacterial resistance and susceptibility pose a pervasive health hazard. Despite promising
advancements in pharmacological research for prevention and treatment, governmental
interventions and health researchers play pivotal roles in mitigating the adverse impact of bacteria
on healthcare workers’ hand hygiene. Conducting periodic bacterial population studies on
healthcare workers individually is recommended to ascertain pathogen presence and distribution
based on professional roles. Adherence to established clinical and surgical handwashing protocols
is imperative, ensuring comprehensive technique assessment through implementation, monitoring,
and enforcement if needed. Furthermore, broader studies encompassing bacterial resistance and
susceptibility through meta-analyses are imperative. Such investigations guide decisions on
managing pathogens prevalent on healthcare workers’ hands, minimizing risks for personnel and
surroundings. According to the Clinical Laboratory Standards Institute, doctors depend
significantly on microbiology laboratories for patient care, highlighting the necessity for testing in
well-equipped, modern laboratories. These facilities must adhere to current guidelines for drug
selection, interpretation, and quality control, which aids in making informed assessments of
bacterial resistance and susceptibility in the hand microbiomes of healthcare workers. Considering
the limitations previously noted, certain measures could be implemented to enhance the results of
the meta-analysis; for. example, subgroup analyses to handle variations in study designs,
techniques, and definitions could be implemented to reduce variability. This involves grouping
studies by similar methods (e.g., type of microbial testing) or by healthcare settings (e.g., intensive
care units vs. general wards). On the other hand, conducting sensitivity analyses to determine how
the inclusion or exclusion of certain studies affects the results. This can help identify the impact of
potentially biased studies. Finally, stratifying the results by different time periods and geographic
regions can help to identify specific trends and differences in microbial resistance patterns over

time or across locations. Although implementing these solutions requires meticulous planning and



execution, it can significantly enhance the quality and applicability of a systematic review and

meta-analysis in understanding microbial resistance on healthcare workers’ hands.
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