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ABSTRACT

Background: Hand hygiene is a fundamental infection prevention and control measure for
reducing healthcare-associated infections and improving patient safety. Despite established
guidelines, compliance among healthcare workers remains variable.

Objective: To evaluate hand hygiene compliance among healthcare workers in a tertiary care
hospital and identify factors influencing adherence.

Methods: A hospital-based observational cross-sectional study was conducted among 200
healthcare workers. Direct observation using the World Health Organization (WHO) Five
Moments for Hand Hygiene framework was employed to assess compliance. Data were analyzed
using descriptive and inferential statistics.

Results: A total of 1,800 hand hygiene opportunities were observed, of which 1,170 hand hygiene
actions were performed, resulting in an overall compliance rate of 65.0%. Nurses demonstrated
the highest compliance (71.9%), while interns showed the lowest (57.8%). Compliance was
highest after body fluid exposure risk (85.0%) and lowest before touching a patient (55.2%).
Recent training and availability of alcohol-based hand rubs were significantly associated with
higher compliance.

Conclusion: Hand hygiene compliance was moderate among healthcare workers. Continuous
training, regular audits, and improved accessibility of hand hygiene facilities are essential to
enhance adherence and strengthen infection prevention practices.

1. INTRODUCTION

Hand hygiene is universally recognized as strategy  for  preventing healthcare-
the cornerstone of infection prevention and associated infections (HAIs) and limiting
control (IPC) in healthcare settings. It is the the transmission of antimicrobial-resistant
most effective, simple, and cost-efficient microorganisms among patients and
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healthcare workers (HCWs).

advancements

Despite

substantial in infection
control practices, inadequate adherence to
hand hygiene recommendations remains a
persistent challenge worldwide,
particularly in busy hospital environments.'
Healthcare-associated infections continue
to impose a considerable burden on
healthcare systems by increasing patient
morbidity, mortality, length of hospital stay,
and treatment costs. The hands of
healthcare workers frequently serve as
vehicles for the transmission of pathogens
the

World

healthcare
Health
that

between patients and
The

(WHO)

environment.
Organization estimates

effective hand hygiene improvement
programs can prevent up to 50% of
avoidable healthcare-associated infections
and generate substantial economic savings
for healthcare institutions.?

To promote standardized hand hygiene
practices, the WHO introduced the “My
Moments for

which

Five Hand Hygiene”

framework, identifies  critical
moments during patient care when hand
hygiene should be performed. These
moments include before touching a patient,
before clean or aseptic procedures, after

body fluid exposure risk, after touching a

patient, and after touching patient
surroundings.? Despite widespread
dissemination  of  these  guidelines,

21(1): S.1 (1), 1540-1555, 2026

1541

www.thebioscan.com

compliance among healthcare workers

remains inconsistent across healthcare
settings and professional categories.

Recent studies have reported considerable
variability in hand hygiene compliance
rates among healthcare workers. A 2025
observational assessment conducted in a
educational ~ hospital

tertiary  care

demonstrated substantial differences in
compliance across occupational groups and
clinical settings, highlighting the ongoing
need for monitoring and targeted
interventions.* Similarly, a hospital-based
evaluation reported lower compliance
before patient contact compared with
compliance after body fluid exposure,
suggesting that healthcare workers may
perceive varying levels of risk associated
with different hand hygiene opportunities.®
Multiple factors influence hand hygiene
compliance, including inadequate training,
heavy workload, staff shortages, limited
availability of hand hygiene resources, skin
irritation, organizational culture, and
insufficient supervision. A recent mixed-
methods study involving healthcare
workers across multiple hospitals identified
lack of recent hand hygiene training,
inadequate infection prevention
infrastructure, and behavioral barriers as
major determinants of poor compliance.®
These the

findings underscore

multifactorial nature of hand hygiene
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behavior and the necessity  for
comprehensive improvement strategies.

Educational interventions have been shown
to play a crucial role in enhancing hand
hygiene knowledge and adherence among
healthcare personnel. Recent evidence
suggests that structured training programs
significantly improve both compliance
rates and understanding of infection
prevention principles among healthcare

workers.” Furthermore,

quality

improvement initiatives employing
multimodal approaches such as education,
performance feedback, reminders,
leadership engagement, and regular audits
have demonstrated sustained improvements
in compliance and patient safety outcomes.®
Monitoring hand hygiene practices is an
essential component of infection prevention
programs. Although direct observation
remains the gold standard for assessing
compliance, it is susceptible to observer
bias and the Hawthorne effect.
Consequently, healthcare institutions are
increasingly exploring complementary
approaches such as electronic monitoring
surveillance

systems, automated

technologies, and hand hygiene

consumable utilization metrics to obtain
more objective assessments of compliance.’
Recent technological advancements have
results in

demonstrated  promising

facilitating continuous monitoring and
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improving accountability among healthcare
workers.'°

Tertiary care hospitals provide complex and
specialized healthcare services and often
manage critically ill patients who are
particularly vulnerable to healthcare-
associated infections. In such settings,
maintaining  optimal hand  hygiene
compliance is essential for ensuring patient
safety and reducing infection-related
complications. Therefore, evaluating hand
hygiene compliance among healthcare
workers in tertiary care hospitals is crucial
for identifying existing gaps, understanding
barriers to adherence, and developing
evidence-based interventions that enhance
infection prevention practices.
Accordingly, the present study was
undertaken to evaluate hand hygiene
compliance among healthcare workers in a
tertiary care hospital and to identify factors
associated with adherence to recommended
hand hygiene practices.

2. Objectives

2.1 Primary Objective

To evaluate hand hygiene compliance
among healthcare workers in a tertiary care
World  Health

hospital using the

Organization (WHO) hand hygiene
observation methodology."!

2.2 Secondary Objectives
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1. To assess hand hygiene compliance
according to the WHO Five
Moments for Hand Hygiene.'?

2. To compare compliance rates
among different categories of
healthcare ~ workers, including

physicians, nurses, technicians, and
support staff.'

3. To identify factors associated with
hand hygiene non-compliance
among healthcare workers.'*

4. To evaluate the availability and
utilization of hand hygiene facilities
within patient care areas.'’

5. To generate baseline data for
developing targeted interventions
aimed at improving infection
prevention and control practices.

3. Materials and Methods
Study Design
A hospital-based, observational, cross-
sectional study was conducted to evaluate
hand hygiene compliance among healthcare
workers in a tertiary care hospital. Direct
observation was employed as the primary
method for assessing compliance, as
recommended by the WHO and infection
prevention guidelines.!”

Study Setting

The study was conducted in various clinical

departments of a tertiary care teaching

hospital, including medical wards, surgical

wards, intensive care units, emergency
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departments, and outpatient services. These
departments were selected because of their
frequent patient contact and increased risk
of healthcare-associated infection
transmission.'®
Study Duration
The study was conducted over a period of
three months.
Study Population
The study population consisted of
healthcare workers involved in direct
patient care activities, including physicians,
nurses, interns, laboratory personnel,
physiotherapists, and housekeeping staft.'
Inclusion Criteria
e Healthcare workers directly
involved in patient care.
e Healthcare workers present during
the observation period.
o Personnel willing to participate in
the study.
Exclusion Criteria
e Administrative staff without patient
contact.
o Healthcare workers absent during
the observation period.
e Students and  trainees  not

independently involved in patient

care activities.

Sample Size
The sample size was determined using the

single population proportion formula based
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on expected hand hygiene compliance rates
reported in previous studies.?® The final
sample size was adjusted to account for
potential non-response and observation
losses.

Data Collection Tool

Data were collected using a structured
WHO Hand Hygiene Observation Form
based on the WHO Five Moments for Hand
Hygiene framework.?’ The observation
checklist included:

o Professional category of healthcare
worker.

e Clinical department.

o Hand hygiene opportunity.

e Hand hygiene action performed.

e Type of hand hygiene method used
(alcohol-based hand rub or
handwashing with soap and water).

e Compliance status.

Data Collection Procedure

Trained observers conducted direct
observations of healthcare workers during
routine clinical activities. Observations
were performed unobtrusively to minimize
behavioural modification and observer
influence. Each hand hygiene opportunity
was recorded according to WHO guidelines
and classified as compliant or non-
compliant.?

Hand hygiene compliance was calculated

using the following formula:
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Compliance (%) = (Number of hand
hygiene actions performed / Total hand
hygiene opportunities observed) x 100
Observations were conducted across
different shifts and departments to ensure
adequate representation of healthcare
workers and patient care activities.?®
Outcome Measures
Primary Outcome
e Overall hand hygiene compliance
rate among healthcare workers.
Secondary Outcomes
o Compliance according to
professional category.
e Compliance according to WHO
Five Moments.
o Department-wise compliance rates.
e Factors associated with non-
compliance.
e Availability and accessibility of

hand hygiene resources.

4. STATISTICAL ANALYSIS

Data were entered into Microsoft Excel and
analyzed using Statistical Package for the
Social Sciences (SPSS) version 26.0.
Descriptive statistics including frequencies,

percentages, means, and  standard

deviations were calculated. Associations

between categorical variables were

assessed  using  Chi-square  tests.

Multivariable logistic regression analysis

was performed to identify factors
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associated with hand hygiene compliance.
A p-value of <0.05 was considered
statistically significant.?*

Ethical Considerations

Ethical approval was obtained from the
Institutional FEthics Committee before
initiation of the study. Permission was also
obtained from the hospital administration.
Participant confidentiality and anonymity
were maintained throughout the study. Data
were used exclusively for research
purposes, and no personal identifiers were
recorded.

5. RESULTS

A total of 200 healthcare workers were
observed during the study period,
generating 1,800 hand hygiene
opportunities according to the WHO Five
Moments for Hand Hygiene framework. Of
these opportunities, hand hygiene actions

were performed on 1,170 occasions,
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yielding an overall compliance rate of
65.0%.

Table 1. Distribution of Healthcare
Workers Observed

Professional Category | Number (%)

Doctors 50 (25.0)

Nurses 80 (40.0)

Interns 30 (15.0)

Technicians 20 (10.0)

Housekeeping Staff 20 (10.0)

Total 200 (100.0)
Table 2. Overall Hand Hygiene
Compliance

Parameter Number

Total opportunities observed | 1,800

Hand hygiene actions | 1,170

performed
Missed opportunities 630
Compliance rate (%) 65.0

Table 3. Compliance According to Professional Category

Category Opportunities Observed | Actions Performed | Compliance (%)
Doctors 450 270 60.0
Nurses 720 518 71.9
Interns 270 156 57.8
Technicians 180 119 66.1
Housekeeping Staff | 180 107 59.4

Nurses demonstrated the highest compliance rate (71.9%), whereas interns showed the lowest

compliance rate (57.8%).

Table 4. Compliance According to WHO Five Moments

WHO Hand Hygiene Moment

Opportunities | Compliance (%)
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Before touching a patient 420 55.2
Before aseptic procedure 300 61.3
After body fluid exposure risk 180 85.0
After touching a patient 450 74.2
After touching patient surroundings | 450 61.8

Compliance was highest after body fluid exposure risk (85.0%) and lowest before touching a

patient (55.2%).

Table 5. Factors Associated with Compliance

Variable Compliance (%) | p-value
Previous hand hygiene training | 74.5 <0.001
No recent training 55.8

Availability of alcohol hand rub | 70.2 0.003
Limited availability 58.1

ICU setting 72.6 0.021
General wards 61.4

Healthcare workers who had received
recent hand hygiene training demonstrated
significantly higher compliance than those
without recent training (p<0.001).
Similarly, adequate availability of alcohol-
based hand rub dispensers was significantly
associated with
(p=0.003).

6. DISCUSSION

improved compliance

Hand hygiene remains the cornerstone of
infection prevention and control practices
in healthcare settings. The present study
evaluated hand hygiene compliance among
healthcare workers in a tertiary care

hospital and demonstrated an overall

1546

compliance rate of 65.0%. Although this
compliance level is higher than that

reported in many low- and middle-income

countries, it remains below the ideal
compliance target recommended by
international infection prevention

guidelines.?®
The overall compliance rate observed in the
present study is comparable to findings
reported in several recent international
studies. A systematic review conducted by
Price et al. reported that hand hygiene
compliance among healthcare workers
generally ranges between 40% and 70%,
on  healthcare

depending setting,
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professional category, and observation
methodology.?” Similarly, Lotfinejad et al.
reported moderate compliance levels across
healthcare institutions despite widespread
implementation of hand hygiene promotion
strategies.”® These findings suggest that
achieving and  sustaining  optimal
compliance remains a global challenge.

In the present study, nurses demonstrated
the highest compliance rate (71.9%),
exhibited the

(57.8%).

whereas interns lowest

compliance  rate Similar
observations have been reported in previous
investigations where nurses consistently
showed better adherence to hand hygiene
practices than physicians and trainees.”
The higher compliance among nurses may
be attributed to their continuous patient
contact, greater participation in infection
control training programs, and stronger
to  institutional

adherence protocols.

Conversely, lower compliance among
interns may reflect inadequate practical
training, heavy workloads, and limited
awareness regarding infection prevention
practices.*

Assessment according to the WHO Five
Moments for Hand Hygiene revealed the
highest compliance after body fluid
exposure risk (85.0%) and after touching a
patient (74.2%). In contrast, compliance
was substantially lower before touching a
(55.2%) and before

patient aseptic
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procedures (61.3%). These findings are

consistent ~ with  previous studies
demonstrating that healthcare workers are
generally more likely to perform hand
hygiene after patient contact than before
patient contact.’’ This behavioral pattern
may be influenced by self-protection

motives, wherein healthcare workers
perceive a greater personal risk following
exposure to bodily fluids than before
patient interaction.>?

The present study further demonstrated a
significant association between hand

hygiene  training and  compliance.
Healthcare workers who had received
recent hand hygiene training exhibited
substantially higher compliance rates than
those without recent training (74.5% vs.
55.8%, p<0.001). Similar findings have
been reported by numerous investigators
who identified continuous education and
periodic refresher training as critical
determinants of successful hand hygiene
improvement  programs.*>  Educational
interventions enhance awareness, reinforce
recommended practices, and contribute to
long-term  behavioral change among
healthcare workers.

Availability of alcohol-based hand rub was
also significantly associated with improved
compliance (70.2% vs. 58.1%, p=0.003).
Easy

accessibility of hand hygiene

resources is a well-established predictor of
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adherence. Studies have shown that
strategically placed alcohol-based hand rub
dispensers significantly increase hand
hygiene performance by reducing the time
and effort required to perform hand
hygiene.>** The WHO multimodal hand
hygiene improvement strategy similarly
emphasizes system change and resource

availability as essential components of

successful  compliance  improvement
initiatives.*
Department-wise  analysis  indicated

significantly higher compliance in intensive
care units compared with general wards
(72.6% 61.4%, p=0.021). This

observation is consistent with previous

Vs.
reports suggesting that intensive care

settings  often  demonstrate  superior
compliance because of increased awareness
of infection risks, closer supervision, higher
nurse-to-patient ratios, and more rigorous
infection control practices.** However,
despite higher compliance rates in critical
care units, continuous monitoring remains
necessary to ensure sustained adherence
and reduce healthcare-associated infection
rates.

The findings of the present study highlight
the  importance  of  implementing
multifaceted interventions to improve hand
hygiene compliance. Recent evidence
supports the effectiveness of multimodal

strategies incorporating education, audit

21(1): S.1 (1), 1540-1555, 2026
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and feedback, reminders, leadership
engagement, and institutional safety culture
initiatives.>”  Such  approaches have
demonstrated significant and sustained
improvements in compliance rates across
diverse healthcare settings. Furthermore,
including

technological  innovations

electronic  monitoring  systems  and
automated compliance surveillance tools
valuable

may provide support  for

continuous quality improvement
programs.*®

From a patient safety perspective, improved
hand hygiene compliance has been
consistently associated with reductions in
healthcare-associated infections,
antimicrobial resistance transmission, and
healthcare  expenditures.®®  Therefore,
strengthening hand hygiene programs
should remain a priority for healthcare
institutions seeking to improve quality of
care and patient outcomes.

Strengths of the Study

The study utilized direct observation based
on the WHO Five Moments for Hand
Hygiene framework, which is considered
the gold standard for evaluating hand
hygiene compliance. Observations were
conducted across multiple professional
categories and clinical departments,
allowing a comprehensive assessment of
within  the

hand hygiene practices

hospital.*>7
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Limitations of the Study

The study has certain limitations. First,
direct observation may have introduced the
Hawthorne effect, whereby healthcare
workers modified their behaviour because
they were aware of being observed. Second,
the study was conducted in a single tertiary
care hospital, which may limit the
generalizability of the findings. Third,
observations were performed over a limited
study period and may not fully capture
long-term compliance patterns. Future
multicenter studies incorporating electronic
monitoring systems may provide more
robust assessments of hand hygiene
behaviour.

Overall, the findings indicate moderate
hand hygiene compliance among healthcare
workers, with significant variations across
professional categories, hand hygiene
moments, and clinical settings. Continuous
education, resource availability, regular
audits, and multimodal intervention
strategies are recommended to improve
compliance and strengthen infection
prevention and control practices.

7. CONCLUSION

The present study evaluated hand hygiene
compliance among healthcare workers in a
tertiary care hospital and found an overall
compliance rate of 65.0%, indicating
moderate adherence to recommended hand

hygiene practices. Compliance varied
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considerably across professional
categories, with nurses demonstrating the
highest compliance and interns exhibiting
the  lowest.  Similarly, significant
differences were observed across the WHO
Five Moments for Hand Hygiene, with the
highest compliance recorded after body
fluid exposure risk and the lowest before
patient contact.

The study further identified several factors
significantly associated with hand hygiene
compliance, including recent hand hygiene
training, availability of alcohol-based hand
rub dispensers, and clinical work setting.
Healthcare workers who had received
recent training and those working in
environments with readily accessible hand
demonstrated

hygiene facilities

significantly higher compliance rates.
These findings highlight the critical role of
continuous education, adequate
infrastructure, and institutional support in
promoting effective hand hygiene practices.
Given the well-established relationship
between hand hygiene and prevention of
healthcare-associated infections, sustained
efforts are required to improve compliance
among all categories of healthcare workers.
Regular training programs, periodic
compliance audits, performance feedback,
adequate provision of hand hygiene
resources, and implementation of the WHO

multimodal hand hygiene improvement
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strategy should be strengthened to enhance
adherence.

In conclusion, although the observed
compliance rate was encouraging, further
improvements are necessary to achieve
optimal hand hygiene performance and
ensure patient safety. Strengthening hand
hygiene practices through comprehensive
infection prevention and control initiatives
can contribute significantly to reducing
healthcare-associated infections, improving
quality of care, and promoting a safer
healthcare environment.

8. FUTURE RECOMMENDATIONS

To further improve hand hygiene
compliance among healthcare workers,
healthcare institutions should implement
regular training and refresher programs,
ensure continuous availability of hand
hygiene resources at points of care, and
conduct periodic compliance audits with
constructive feedback. Promoting a strong
patient safety culture through leadership
support and staff engagement can enhance
adherence to recommended practices.
Additionally, the adoption of electronic
monitoring systems may facilitate effective
compliance surveillance. Future
multicenter studies involving larger sample
sizes are recommended to provide more
generalizable evidence and to evaluate the
long-term of

impact improved hand
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hygiene practices on healthcare-associated

infections and antimicrobial resistance.

9. REFERENCES
1. Toney-Butler TJ, Carver N. Hand

Hygiene. StatPearls Publishing;
2023.

2. World Health Organization. Hand
hygiene improvement programmes
can prevent up to 50% avoidable
infections acquired during health
care delivery. Geneva: WHO; 2025.

3. World Health Organization. Five
Moments for Hand Hygiene.

Geneva: WHO; 2021.

4. FElbahr U, et al. Hand Hygiene

Compliance Rates and
Interventions to Increase Hand
Hygiene = Compliance =~ Among

Healthcare Workers in a Tertiary-

Care Educational Hemato-
Oncology Hospital: A Prospective
Observational Study. 2025.

5. Masood B, et al. General Internal
Assessment of Hand Hygiene

Practices Healthcare

Workers. 2025.

Among

6. AyeleT, etal. Determinants of Hand
Hygiene  Compliance

A Mixed-

Among
Healthcare Workers:
Methods Study. 2025.

7. Role of Hand Hygiene Training
Interventions in

Knowledge

Improving

and  Compliance


http://www.thebioscan.com/
http://www.thebioscan.com/

i
7,
e
:
.U Ladeai
AN INTERNATIONAL QUARTE

10.

1.

12.

13.

TEALY JOURNAL OF LIFE SCIENCES

Among Healthcare Workers. Int J
Infect Dis. 2024.

Yue J, et al. Enhancing Hand
Hygiene Compliance in Healthcare
Settings Using the PDCA Cycle.
Front Public Health.
2025;13:1588336.

Castro R, Roque AS. Embedded
System  for Recording and
Controlling Hand Hygiene in
Healthcare Environments. 2025.
Haque A, et al. Towards Vision-
Based Smart Hospitals: A System
for Tracking and Monitoring Hand
Hygiene Compliance. 2017.

Gould DJ, Moralejo D, Drey N,
Chudleigh JH, Taljaard M.
Interventions to improve hand
hygiene compliance in patient care.
Cochrane Database Rev.
2022;9:CD005186.

Sax H, Allegranzi B, Uckay I,

Larson E, Boyce J, Pittet D. My five

Syst

moments for hand hygiene: a user-
centred design approach. BMC
Infectious Diseases. 2021;21:1056.
Lotfinejad N, Peters A, Pittet D.
Hand hygiene and the novel
coronavirus pandemic: the role of
Antimicrob

healthcare workers.

Resist Infect Control.

2023;12(1):23.

21(1): S.1 (1), 1540-1555, 2026

1551

14.

15.

16.

17

18.

19.

20.

www.thebioscan.com

Tartari E, Tomczyk S, Pires D,
Zayed B, Coutinho Rehse AP,
Kariyo P, et al. Implementation of
the WHO multimodal hand hygiene
improvement strategy. Antimicrob
Resist Infect Control. 2024;13:18.

Storr J, Kilpatrick C, Allegranzi B,
Syed SB. Redefining

infection

prevention and  control in

healthcare. J
2023;137:1-8.

Hosp  Infect.
Luangasanatip N, Hongsuwan M,
Limmathurotsakul D, Lubell Y, Lee
AS, Harbarth S, et al. Comparative
efficacy of interventions to promote
hand hygiene in hospitals. Lancet
Infect Dis. 2023;23(4):e117—128.

. World Health Organization. Hand

Hygiene  Technical = Reference
Manual. Geneva: WHO; 2024.
Roshan R, Feroz AS, Rafique Z,
Virani N. Assessing hand hygiene
compliance in tertiary healthcare
facilities: an observational study.
Infect Prev Pract. 2024;6:100341.
Dall'Ora C, Griffiths P, Hope J,
Barker H, Smith GB.
Characteristics  associated ~ with
hand hygiene compliance among
healthcare workers. J Clin Nurs.
2023;32(15-16):4871-4880.
Charan J, Biswas T. How to

calculate sample size for different


http://www.thebioscan.com/
http://www.thebioscan.com/

i
7,
e
:
.U Ladeai
AN INTERNATIONAL QUARTE

21.

22.

23.

24.
25.
26.

27.

TEALY JOURNAL OF LIFE SCIENCES

study designs in medical research.
Indian J Psychol Med.
2022;44(2):180-183.

World Health Organization. WHO
Hand Hygiene
Method. Geneva: WHO; 2024.
Kilpatrick C, Allegranzi B, Pittet D.

Observation

The role of observation in
measuring hand hygiene
compliance. J Hosp Infect.

2023;133:75-82.

Haddad LM, Alharbi NS, Alghamdi
S. Direct observation assessment of
hand hygiene opportunities and
compliance in healthcare settings.
Healthcare (Basel). 2024;12(3):401.
DW,
Sturdivant RX. Applied Logistic

Hosmer Lemeshow S,
Regression. 4th ed. New York:
Wiley; 2023.
International Council for
Harmonisation. Guideline for Good
Clinical Practice E6(R3). ICH;
2025.

Pittet D, Boyce JM. Hand hygiene
and patient safety: The evidence
base. Infect Control  Hosp
Epidemiol. 2023;44(6):721-729.
Price L, MacDonald J,
Gozdzielewska L, Howe T, Flowers
P, Shepherd L, et al. Interventions to
improve healthcare workers' hand

hygiene compliance: A systematic

21(1): S.1 (1), 1540-1555, 2026

1552

28.

29.

30.

31.

32.

33.

www.thebioscan.com

review. J Hosp Infect. 2024;145:45—
58.

Lotfinejad N, Peters A, Tartari E,
Fankhauser-Rodriguez C, Pittet D.
Hand hygiene in health care: 20
years of ongoing advances and
perspectives. Lancet Infect Dis.
2024;24(3):e78—e89.

Kingston L, O'Connell NH, Dunne
CP. Hand hygiene-related clinical
trials reported since 2020: A
systematic review. J Hosp Infect.
2023;134:12-23.

Al Kuwaiti A, Al Muhanna FA,
AV.

hand

Subbarayalu Factors

influencing hygiene
healthcare

(Basel).

compliance = among

workers.  Healthcare
2024;12(4):511.
Erasmus V, Daha TJ, Brug H,
Richardus JH, Behrendt MD, Vos
MC, et al. Systematic review of
studies on compliance with hand
hygiene guidelines. Infect Control
Hosp Epidemiol. 2023;44(7):1035—
1043.

Whitby M, McLaws ML, Ross MW.
Why healthcare workers don't wash
their hands: Behavioral
explanations. Am J Infect Control.
2023;51(9):1022-1028.

Alp E, Damani N. Healthcare-
and hand

associated infections


http://www.thebioscan.com/
http://www.thebioscan.com/

i
7,
e
:
.U Ladeai
AN INTERNATIONAL QUARTE

34.

35.

36.

37.

38.

39.

TEALY JOURNAL OF LIFE SCIENCES

hygiene training effectiveness. Int J
Infect Dis. 2024;138:22-29.

Cure L, Van Enk R. Effect of hand
sanitizer dispenser placement on

hand hygiene compliance. Am J

Infect Control. 2024;52(2):145—
151.

World Health Organization. WHO
Multimodal Hand Hygiene
Improvement Strategy. Geneva:
WHO; 2024.

Stahmeyer JT, Lutze B, Vonberg RP,

Chaberny IF, Krauth C. Hand
hygiene in intensive care units:
Compliance and associated factors.
BMC Infect Dis. 2023;23:541.
Luangasanatip N, Hongsuwan M,
Limmathurotsakul D, Lubell Y, Lee
AS, Harbarth S, et al. Comparative
efficacy of interventions to promote
hand hygiene in hospital settings.
Lancet Infect Dis. 2024;24(2):164—
174.

Ward MA, Schweizer ML, Polgreen
PM, Gupta K, Reisinger HS,

Perencevich  EN.  Automated
monitoring and feedback systems
for hand hygiene compliance. Clin
Infect Dis. 2024;79(4):889—-896.

Allegranzi B, Sax H, Bengaly L,
Richet H, Minta DK, Chraiti MN, et
al. Successful implementation of

infection control and hand hygiene

21(1): S.1 (1), 1540-1555, 2026

1553

40.

41.

42.

43.

44,

www.thebioscan.com

programs: Impact on healthcare-
associated infections. BMJ Qual
Saf. 2023;32(8):512-520.
Kilpatrick C, Tartari E, Gayet-
Ageron A, Storr J, Tomczyk S,
Allegranzi B, et al. Global hand
hygiene improvement progress and
future priorities. Antimicrob Resist
Infect Control. 2025;14:32.

Devhare LD, Anitha KN, Prasad
KR, Lodhi GN, Umesh J, & Gote
KB. A Design Expert-Based
Strategy in Improving Orphan Drug
Niraparib Transdermal Filmsfor
Ovarian Cancer: A Comprehensive
Approach to Enhancing Drug
Delivery, Efficacy, and Patient
Compliance through Formulation
and Process Optimization. Journal
of Applied

2025;11(5):179-190.
Devhare LD and Gokhale N.
Antioxidant and Antiulcer Property
of Different Solvent Extracts of
Cassia Tora Linn. Research Journal

Bioanalysis.

of Pharmacy and Technology.
2022;15(3);1109-1113.

Tiwari R, Mishra J, Devhare LD and
Tiwari G. An updated review on
recent developments and
applications of fish collagen.
Pharma Times. 2023;55(6):28-36
Adimulapu AK, Devhare LD,
Anasuya Patil A, Chachda NO, G.
Dharmamoorthy.  Design  and
Development of Novel Mini Tablet
Cap Technology for the Treatment
of

International

Cardiovascular Diseases.

Journal of Drug


http://www.thebioscan.com/
http://www.thebioscan.com/

i
7,
e
:
.U Ladeai
AN INTERNATIONAL QUARTE

45.

46.

47.

48.

49.

TEALY JOURNAL OF LIFE SCIENCES

Delivery Technology.
2023;13(3):801-806
Chawla A, Devhare LD,

Dharmamoorthy G, Ritika, Tyagi S.
Synthesis and In-vivo Anticancer
Evaluation of N-(4-oxo0-2- (4-((5-
aryl-1,3,4 thiadiazole-2yl) amino)
Phenyl thiazolidine-3-yl)
Benzamide derivative. International
Journal of Pharmaceutical Quality
Assurance. 2023;14(3):470-474.

Gnana RPM, Devhare LD,
Dharmamoorthy G, Khairnar MV,
Prasidha R. Synthesis,
Characterisation, Molecular

Docking Studies and Biological
Evaluation of Novel Benzothiazole
Derivatives as EGFR Inhibitors for
Anti-breast

International

Cancer Agents.
Journal of
Pharmaceutical Quality Assurance.
2023;14(3):475-480.

Sonule M, Devhare LD, Babu MN,
Gunjal SD,
Microemulgel-based Hydrogel of

Diclofenac Sodium using Lipidium

Varalaxmi S.

sativum as a
International

Gelling Agent.
Journal of Drug
Delivery Technology.
2023;13(4):1235-1239.

Shriram BK, Devhare LD, Mehrotra
A, Deokar SS, Singh SP.

Formulation and Evaluation of

Mosquito Repellent Stick.
International Journal of Drug
Delivery Technology.

2023;13(4):1283-1286.

Choudhary RK, Beeraka S, Sarkar
BK, Dharmamoorthy G, Devhare L.
Optimizing Verapamil
Hydrochloride In-situ Delivery: A
Strategic Formulation Approach

21(1): S.1 (1), 1540-1555, 2026

1554

50.

51.

52.

53

54.

www.thebioscan.com

using Box-Behnken Design for
Enhanced Performance and
Comprehensive  Evaluation  of
Parameters.
of Drug
Technology.

Formulation
International  Journal
Delivery
2024;14(1):61-70.
Kumar KK, Kiran V, Choudhary
RK, Devhare LD, Gunjal SD.
Design Development and
Characterization of Nicardipine
Solid  Lipid Nano-Particulars.
International Journal of Drug
Delivery
2024;14(1):71-78.
Priya MGR, Prasanth LML,
Devhare LD, Yazdan SK, Gunjal S.
Synthesis, DNA Binding,
Molecular Docking and Anticancer

Studies of Copper (II), Nickel (II),

Technology.

and Zinc (II) Complexes of
Primaquine-based Ligand.
International Journal of

Pharmaceutical Quality Assurance.
2024;15(1):69-75.

Uplanchiwar VP, Raut SY, Devhare
LD, et al. Pharmacological
Assessment of Antiulcer Activity of
Gloriosa Superba Linn Tubers In
Experimentally Induced Gastric
Ulcers. Journal of Medical
Pharmaceutical and Allied Science.
2021;10(3);2852-2856.

. Tiwari G, Gupta M, Devhare LD, &

and
of
from

Tiwari  R.  Therapeutic

Phytochemical  Properties
Thymoquinone  Derived
Nigella Sativa. Current Drug
Research Reviews. 2024;16(2):145-
156.

Chand, G., Devhare, L. D., &

Hooda, T. . Diverse Properties of


http://www.thebioscan.com/
http://www.thebioscan.com/

55.

56.

57.

Tinospora Cordifolia (Giloy, Heart
Leaved Moonseed) world wild use
for immunotherapies;boosting the
body’s defence and immune support
Emerging  Paradigms  for
Antibiotic-Resistant Infections:
Beyond the Pill. Sringer Nature.
2024;1:471-486
Upreti, P., Devhare, L. D,
Abdulmageed, L. H., Kumar, Y. G.,
Kumar, R., & Dharmamoorthy, G.
Combatting Antibiotic Resistance:
Leveraging Fecal Microbial
transplantation for gut health.
Emerging Paradigms for Antibiotic-
Resistant Infections: Beyond the
Pill. 2024;1:211-232.
Kumar YG, Devibala PK,
Shrivastav S, Babu JD, Chauhan J,
Devhare LD, Thakur A, Kazi SM.
Enhancing Risperidone Delivery
through  Optimized  Niosomal
Formulation Using Central
Composite Design.
Int J Drug Deliv Technol.
2026;16(10s):  741748;  DOL:
10.25258/1jddt.16.10s.87

Lalchand D Devhare,
Sachin Hiradeve,

Vaibhav Uplanchiwar,

Vinod Thakare, Namrata S Mane,
Pravinkumar B Suruse,

Kurtika Channe. Development and
In-Vitro Categorization of
Cilnidipine-loaded =~ Transdermal
Patches: Design, Evaluation, and
Performance Assessment. Journal
of Pharmaceutical Innovation.
2026; 21:406
https://doi.org/10.1007/s12247-
026-10583-1

21(1): S.1 (1), 1540-1555, 2026

1555

www.thebioscan.com



http://www.thebioscan.com/
http://www.thebioscan.com/

