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ABSTRACT… Objective: To examine the practice of handwashing, the microbial pattern, and the susceptibility of 
microorganisms isolated from the palms of healthcare workers at a Specialized Cardiology hospital in Peshawar, Pakistan. 
Study Design: Cross-sectional Observational study. Setting: Peshawar Institute of Cardiology- Medical Teaching Institute 
(PIC-MTI). Period: 1st August till 31st September, 2023. Methods: Both qualitative and quantitative methods were used to 
retrieve data. A self-administered questionnaire was utilized to gather respondents’ practice scale of handwashing. Culture-
based and biochemical tests were carried out to identify bacterial isolates, and the Kirby-Bauer Disk diffusion method was 
used to determine the susceptibility pattern of bacteria. Results: The majority of the respondents were between the ages 
25 and 58, with 63% being male. Almost all Healthcare personnel used an alcohol-based hand sanitizer, while only 45.3% 
of respondents admitted to always using soap to wash their hands. Presumptive identification of the organisms showed 
43.1% of organisms as Staphylococcus epidermidis and 16.8% as Micrococcus spp. Only 5 isolates of Methicillin-resistant 
Staphylococcus aureus (MRSA) were recovered. None of the antibiotics was 100% effective. The sensitivity to chloramphenicol 
was high (83-91%), and more than 80% of the isolates showed resistance to Amoxicillin-clavulanate, tetracycline (37-73%), 
Fusidic acid (36%), and clindamycin (36%). Resistance to erythromycin was seen in 62% of organisms tested, and only 15% 
were resistant to Rifampicin. Conclusion:  This study highlights the importance of proper hand washing awareness and 
monitoring among hospital staff. There were many instances of poor hand hygiene, which could accelerate the transmission 
of microbes through hand contact. Moreover, there was high resistance observed to the tested antibiotics.

Key words:	 Healthcare Personnel (HCP), Microorganisms, Methicillin Resistant Staphylococcus Aureus (MRSA), 
Resistance, Susceptibility, World Health Organization (WHO).
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INTRODUCTION
Since the discovery of antibiotics, the issue of 
microorganisms becoming resistant to them 
has plagued humankind. Bacteria have evolved 
and developed resistance to antibiotics.1 
Antimicrobial resistance contributes to higher 
medical expenses, longer hospital stays, and a 
rise in mortality.

Without immediate action, the World Health 
Organization (WHO) warns that we are headed 
into pre-antibiotic period where ordinary diseases 
and mild infections can prove fatal.2 This issue was 
readily resolved during the antibiotic era through 
the generation of novel antibiotics. However, due 

to the slow production of new antibiotics, the 
ever-evolving microbes outpace the development 
of new and effective antimicrobial agents.3 
millions of dollars and years are spent developing 
new antibiotics, which are then only effective 
for a few times before developing microbial 
resistance that reduces or completely stops the 
drug’s effectiveness. As a result, pharmaceutical 
corporations have shifted their financial resources 
to more lucrative endeavors including the creation 
of medications for long-term ailments.4 By limiting 
the incidence of disease transmission through 
hand carriage, we can cut back on the demand 
of antibiotics. 
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The process of spreading a pathogen involves 
five steps: (i) presence of organisms on the 
skin and nearby inanimate surfaces; (ii) transfer 
of the organisms to the hands; (iii) ability of the 
organisms to be to survive on hands of the carrier; 
(iv) improper hand antisepsis; and (v) spread of 
the organisms are through contaminated hands 
of the carrier to an inanimate object or another 
person. When hand hygiene is implemented 
at any of the five steps, the number of bacteria 
carried on the hands will be significantly reduced.5

Individuals’ handwashing routines, attitudes, 
and knowledge have been the subject of several 
studies. Duong et al.6 shown that although 
most participants were aware of handwashing 
benefits to reduce the risk of spread of infection, 
handwashing on daily basis was practiced by 
only less than half of the participants. These 
findings revealed that proper handwashing 
practices would be encouraged in ongoing 
medical education. It has been determined that 
an awareness of the benefits of handwashing is 
insufficient in certain scenarios. 

According to a Saudi Arabian survey, just 46% of 
participants believed that washing one’s hands 
may prevent disease, while 34% of the study’s 
correspondents considered that washing one’s 
hands should simply be done to eliminate dirt.7 The 
findings reported by Sultana et al.8 demonstrate 
that provision of an adequate water supply and 
availability of soap within the university, could 
encourage the practice of handwashing.

It is necessary to evaluate the public’s awareness 
of hand washing since hand carriage of microbes 
contribute significantly to the spread and selection 
of antibiotic-resistant bacteria. Microorganisms 
spread less when people are more conscious of 
their surroundings, and vice versa.

Determination of the level of hand washing 
awareness could be a significant step towards 
improving public health knowledge and sanitation. 
According to the WHO, “it has been recognized 
that inappropriate hand hygiene practices 
contributed significantly to disease outbreaks 
especially in hospital settings with consequent 

spread of multidrug-resistant organisms.5 
Therefore, it’s critical to assess public awareness 
of the potential benefits of washing hands and 
to identify and characterize the microbiological 
community that lives on people’s hands. The 
present study was designed to identify the 
microbiological spectrum, and the antimicrobial 
susceptibility pattern of microorganisms isolated 
from the palmar surface of healthcare personnel 
along with an assessment of the hand washing 
habits of the chosen healthcare workers of 
a tertiary cardiac care hospital in Peshawar, 
Pakistan.

METHODS
This cross-sectional study was carried 
out at the Peshawar Institute of  
Cardiology, Peshawar, Pakistan. Ethical approval 
(IRC/23/35, Dated: 11th July, 2023) was granted by 
the Institutional Review Board, Committee. This 
hospital is the only specialized tertiary institution for 
cardiac care in the Khyber Pakhtunkhwa province, 
in Pakistan. Both Male and female healthcare 
workers between 25 years to 58 years of age were 
included and subjected to microbiological testing 
after filling out a pre-designed questionnaire. 
Approximately 52 participants were enrolled, 
and a total of 60 pretested closed-ended 
questionnaires were administered to make an 
allowance for non-response. A written informed 
consent was obtained from the study participants 
after thoroughly explaining to them the purpose 
and overall requirements of the study. The 
purpose of the questionnaire and how to fill it out 
accurately was explained in detail to the HCPs. 
Confidentiality was assured for the HCPs to fill out 
the questionnaire without any bias, accurately. A 
sterile swab stick was initially moistened with a 
sterile 0.1% Tween 80 solution and then swabbed 
across the palmar surfaces of both hands of the 
HCPs. To ensure that the sample included the 
maximum surface area of each palm, the swab 
stick was rubbed in two perpendicular directions 
to cover the entire palmar surface. The swab sticks 
were then placed in universal bottles holding 
2.5 ml of sterile 0.1% Tween 80 solution. The 
inoculated bottles were then shaken for 5 minutes 
using a wrist-action shaker.9 The samples were 
initially streaked onto the surface of a Blood agar 
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plate, an enriched growth medium to isolate and 
cultivate all the bacteria. For selective isolation 
of Gram-positive bacteria (Staphylococcus 
and Micrococcaceae), Mannitol Salt agar was 
used. For isolation and differentiation of Gram-
negative bacteria, samples were inoculated onto 
the MacConkey agar plate. All the culture media 
plates were incubated for 48 hours at 370C. After 
incubation, isolated colonies were picked up 
using a sterile swab and then sub-cultured on 
freshly prepared blood agar plates. The plates 
were again incubated for 48 hours at 370C. 
Bacterial isolates were identified based on specific 
colony characteristics, gram stain and various 
biochemical tests (catalase, coagulase, oxidase 
& Analytical profile index) as described earlier.11 
Muller-Hinton Agar (Oxoid Ltd, Hampshire, UK) 
was used for antibiotic susceptibility testing 
using Kirby-Bauer disk diffusion technique.12 
Tetracycline (30µg), Chloramphenicol (30µg), 
Novobiocin (5µg), Clindamycin (2µg), 
Cotrimoxazole (25µg), Rifampicin (5 µg), Fusidic 
acid (10 µg), Erythromycin (15 µg), Amoxicillin-
clavulanate (30 µg) and ciprofloxacin (5 µg) 
were tested against bacterial isolates. Moreover, 
Methicillin Resistant Staphylococcus aureus 
(MRSA) strains were identified using a Cefoxitin 
(30 μg) disk. The results were obtained by 
measuring the zone of inhibition using CLSI 
guidelines 202413,14 Data was entered in Microsoft 
excel and analyzed using Statistical Package for 
Social Sciences (SPSS) Version 29. 

RESULTS
All of sixty (60) questionnaires administered 
were retrieved. Regarding the gender of the 
respondents, 63% of them were male. Mean age 
of respondents was 38.5±3 years (range: 25-
52 years). With respect to their attitude to hand 
hygiene, most of the HCPs (45.3%) washed their 
hands frequently, while only 32.8% washed their 
hands twice daily. While 47.5% of respondents 
performed hand washing for 20 seconds to 
1 minute, most of the respondents (52.5%) 
reported hand washing for less than 20 seconds. 
On average total time utilized for hand washing 
was 12.6±2.4 seconds. When inquired about the 
timing of their last hand hygiene practice, 72.4% 
reported washing their hands more than 30 

minutes ago, 6.5% had done so in the last 15 
minutes, 12.2% between 5-15 minutes ago and 
8.9% practiced hand hygiene between 15-30 
minutes ago. Most of the respondents (79.5%) 
revealed hand washing after toilet use, while 
only 25.8% reported washing their hands after 
eating. Hand hygiene was practiced by 56.7% of 
the respondents after leaving the hospital. While 
44%of the respondents reported hand washing 
without using hot water, only 14.3% were using 
an alcohol-based hand sanitizer for cleaning their 
hands. About half of the HCPs (48.6%) Wiping 
the hands after washing was practiced by almost 
half of the HCPs (48.6%) and 35.7% of HCPs 
practiced drying their hands by shaking off the 
water droplets. Distribution of the microorganisms 
isolated from the palmar surfaces of the study 
population is shown in Figure-1. Among gram-
positive bacteria, Staphylococcus epidermidis 
accounted for 43.10% of the microorganisms 
isolated from the palmar surfaces of HCPs. 
Micrococcus spp followed next accounting 
for 16.8% of the isolates; A total of 9.7% were 
Staphylococcus aureus, among which 30% were 
MRSA; 9.3% were Corynebacterium spp; 6.2% 
were Streptococcus spp; and 6% were from the 
Bacillus genus. A relatively small percentage was 
observed for Neisseria spp (3.5%), Klebsiella/
Enterobacter spp (2.3%), Pseudomonas spp 
(1.10%) Haemophilus spp (1.7%), with Proteus 
spp and Escherichia coli being the rarest isolates 
at 0.3%. 

Table-I shows the susceptibility and resistance 
pattern of the isolated microorganisms. A 

Figure-1. Percentage of bacteria isolated from palms 
of healthcare personnel
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comparatively high susceptibility was noted for 
Chloramphenicol irrespective of the genus of 
bacterial species. About 85% of gram-positive 
isolates demonstrated susceptibility to Rifampicin, 
and over 60% were sensitive to Clindamycin, 
Novobiocin, and Tetracycline. Fusidic acid, 
Erythromycin and Ciprofloxacin showed the 
least sensitivity (<40%) to gram-positive 
isolates. Gram-negative bacteria demonstrated 
a sensitivity of 27% to tetracycline and 19% to 
Amoxicillin-clavulanate. 

Antibiotics Susceptible, 
n (%)

Resistant, 
n (%)

Gram-positive isolates
Chloramphenicol 91 9

Clindamycin 64 36

Novobiocin 61 39

Tetracycline 63 37

Cotrimoxazole 55 45

Fusidic acid 46 54

Erythromycin 38 62

Rifampicin 85 15

Ciprofloxacin 33 67

Gram-negative isolates
Chloramphenicol 83 17

Tetracycline 27 73

Cotrimoxazole 76 24

Ciprofloxacin 49 51

Amoxicillin-clavulanate 19 81

Table-I. Antibacterial susceptibility pattern of palmar 
isolates

DISCUSSION
When it comes to the study participants’ hand-
washing habits, the study findings revealed 
that most of the HCPs practiced hand hygiene, 
whether they washed their hands with soap or 
not. However, most of the respondents did not 
follow the guidelines recommended by WHO for 
good hand hygiene. Majority of them washed 
their hands long enough but not with warm water 
or soap.15 It was also notable that most people 
used hand sanitizer with alcohol in it. Also, a lot 
of HCPs concurred that they performed hand 
hygiene rarely, one or two times a day, or as 
needed. These practices were inadequate to 
prevent or reduce the spread of infection through 

hand carriage, nor is it enough to ensure adequate 
hand hygiene.16,17 The palmar surfaces of the 52 
HCPs were cultured on Blood agar plates, and 
456 colony-forming units (CFU) were isolated; 
most of the HCPs had more than 8 CFU on 
their hands. According to a different study, most 
physicians, nurses, and non-clinical employees 
have one or more bacterial strains colonized on 
their hands.18

According to one study, nurses may accumulate 
100–1,000 CFU of Klebsiella spp. on their hands 
while performing “clean activities,”19 whereas 
they can acquire 10–600 CFU/ml on their hands 
after touching patients’ groins who have been 
significantly exposed to Proteus mirabilis.20  Out 
of 456 CFU, 91.1% were Gram-positive and 
only 8.9 % turned out to be Gram-negative. 
Staphylococcus spp. was observed as the major 
species isolated from the palmar surfaces of 
HCPs with S. epidermidis as the predominant 
one (43.10%). The second common isolate was 
Micrococcus spp. accounting for 16.8% of all the 
isolates. Frequency of other members of the gram-
positive bacteria including Corynebacterium, 
Streptococcus and Bacillus was relatively low. 
These findings supported other studies in the 
literature that highlighted that S. epidermidis is a 
prevalent microorganism on the skin.21 Nearly all 
the bacteria on the skin of medical professionals 
and nurses belong to four primary groups: 
Enterococci, streptococci, micrococci including 
staphylococci such Staphylococcus epidermidis, 
and diphtheroid like corynebacteria other than C. 
diphtheriae.18 

The transmission of bacteria like S. aureus, 
MRSA, or S. epidermidis via the hands has been 
linked to several forms of diseases related to 
healthcare.22 The other species that were isolated 
match the results of earlier research on skin 
bacteria, albeit in terms of population sizes.23 This 
demonstrates that although the skin’s bacterial 
ecology is varied, a few consistent species are 
recognized as residential bacteria. Although 
transient bacteria are commonly a reflection of 
their surroundings, it has been observed that 
members of the genus Staphylococcus colonize 
the skin more easily than Corynebacterium spp 
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and other species. This observation raises the 
possibility of inaccurate results from surveys 
based on culture. Sequencing techniques should 
now be used for detection of members of microbial 
communities to address this problem.24 While 
many of the resident bacteria infrequently cause 
disease, certain sporadic microorganisms with 
high pathogenicity can cause illnesses in people 
with compromised immune systems.25 According 
to estimates from the Centers for Disease 
Control, approximately 33% of people harbor S. 
aureus, which contributes to its pathogenicity 
by producing clinically significant enzymes such 
hemolysins and leucocidins.26 A research found 
that 16.9% of MRSA infections were obtained 
from healthcare workers’ hands27—a significantly 
greater percentage than what we found.

In contrast to our findings, another Indian 
study from Gujarat states that health 
care professionals’ hands are frequently 
colonized by bacteria, primarily S. aureus.28  
On the other hand, Pseudomonas aeruginosa, a 
major pathogen associated with morbidity and 
death in burn patients, is linked to leg ulcers 
despite being a rare type of gram-negative 
bacteria on the skin.29,30 Furthermore, wearing 
artificial fingernails has been linked to an increased 
risk of P. aeruginosa colonization31; yet, in our 
investigation, Pseudomonas spp. accounted for 
just 1.10 percent of isolates.

Gram-negative bacteria can colonize a hand with 
as many as 13,000,000 cells 32, and they can do 
so for a considerable amount of time.33 Bacillus 
spp. is another bacterium that has been identified. 
6% of patients had that, which is less than in 
research where 15% of healthcare personnel’ 
hands were found to be culture positive.34  For 
better understanding the phenomenon of 
resistance/susceptibility pattern, organisms 
showing an intermediate reaction to antibiotics 
were categorized as resistant during the data 
interpretation process. In this investigation, the 
isolates’ resistance to chloramphenicol was just 
7–17%. Despite the well-documented nature 
of resistance to chloramphenicol, improved 
susceptibility to this antibiotic could possibly be 
attributed to the fact that chloramphenicol is not 

frequently used because of its side effects.35

Coagulase-negative staphylococci i-e S. 
epidermidis, are gram-positive cocci that were 
isolated from HCPs in considerable proportions. 
These pathogens have been reported to cause 
clinically significant ocular symptoms in recent 
years.30 Because CoNS, like S. epidermidis, share 
an ecological niche with pathogenic S. aureus and 
may act as repositories of genes that allow MRSA 
infection following horizontal transfer, antibiotic 
resistance in CoNS is extremely important.36

The results show that CoNS are more vulnerable 
to the effects of antibiotics. Nonetheless, both 
species of the Staphylococci genus have poor 
susceptibilities to fumidic acid, erythromycin, 
and ciprofloxacin, but very high susceptibilities 
to tetracycline and clindamycin. Similarly, 
less than half of the isolates in a research 
conducted in Osun, Nigeria, shown resistance 
to sulphonamide, novobiocin, and tetracycline.37 
Unlike other research, like that of Petrillo et al.30, 
which found strong resistance to tetracycline 
but high vulnerability to trimethoprim and 
sulfonamide. The variance in antibiotic resistance 
trends may be caused by variations in the 
practices of prescribers and over-the-counter 
use. In comparison to our study (9%), similar 
investigations conducted in Nigeria38 reported 
an intermediate resistance to chloramphenicol 
(45%). S. saprophyticus was assumed to be 
the staphylococci that showed little or no zone 
of inhibition to novobiocin. The fact that rare 
human isolates that are not S. saprophyticus 
may potentially be resistant to novobiocin, 
despite the test’s simplicity, poses a restriction. 
Consequently, it is advised that additional 
biochemical, molecular, or immunological testing 
techniques be used to confirm identification.39 

CONCLUSION
This study highlights the importance of proper 
hand washing and awareness of its importance 
and monitoring among hospital staff. Hand 
hygiene practices, profiling of bacterial isolates 
from the palmar surfaces of HCPs and subsequent 
antibiotic susceptibility testing point towards 
inadequate hand hygiene behaviors, which 
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often contribute to the hand carriage of bacteria. 
Staphylococcus spp. was the commonest genus 
among the isolates from the respondents’ hands, 
with S. epidermidis being the predominant 
bacteria. Antibiotics including amoxicillin-
clavulanate, fusidic acid, and ciprofloxacin 
demonstrated high resistance. The isolates 
responded best to rifampicin, cotrimoxazole, and 
chloramphenicol. To address the rising incidence 
of antimicrobial resistance, local antibiograms 
need to be investigated and antibiotic stewardship 
initiatives implemented.
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