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Abstract

Background: The continuous education of healthcare workers (HCW) is considered as one of the key components of infection
control programs. Since nurses are the frontline healthcare staff; their optimal and periodic training in basic infection control
practices is essential.
Objectives: The current study aimed at assessing the pre-existing knowledge and evaluating the effectiveness of one day educa-
tional activities to improve the knowledge regarding infection control practices.
Methods: A whole day educational activity comprising didactic lectures and hands-on training on routine infection control prac-
tices was conducted for a group of 34 nursing staff. Cognitive gain was assessed using a pre-validated, pre- and posttest question-
naire. The participants’ perceptions of the entire educational activity were scored based on a five-point Likert scale.
Results: The average percentage of test score increased significantly from 19.71% (pretest score: 3.94± 2.3) to 76.69% (posttest score:
15.33± 2.4). The class-average normalized gain was 0.7097 (70.97%). The mode rating score of the participant’s perception increased
from 3 (good) to 4 (very good).
Conclusions: Educational intervention had a significant impact on the improvement in the knowledge of nursing staff. Similar
periodic interventions should be encouraged to facilitate the learning of HCWs on the best infection control practices.
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1. Background

Hospital acquired infections, also known as healthcare
associated infections (HAIs) are among the most common
adverse events in hospitals with significant morbidity and
mortality rates, and financial losses associated with health
care systems. According to the World Health Organization
(WHO) estimates, out of every 100 hospitalized patients at
any given time, seven in the developed and 10 in the devel-
oping countries, acquire at least one healthcare-associated
infection (1). The multipronged approach aiming to re-
duce HAIs in hospitals includes implementing standard
precautions, particularly hand hygiene at each level of pa-
tient care, ensuring that core components for infection
control are in place, improving surveillance of hospital ac-
quired pathogens in hospitals, and finally improving staff
education and accountability.

Infection control education is a core component of

infection control programs since they were established
and they remain a constant feature in the modern health-
care context (2). Healthcare workers (HCWs) should be
equipped with the requisite knowledge, skill, and attitude
for good infection control practices (3). Education through
various means imparts knowledge about the correct prac-
tices, and also helps to update the existing knowledge ac-
cording to the changing scenarios. It is also clear that few
of the educational interventions have a measurable pro-
longed effect (4). A variety of educational strategies are
evaluated for their effectiveness as a measure of infection
control (5). Some of the most practiced methods are quasi-
experimental settings where control and target groups
are subjected to both didactic and practical sessions (6),
scenario-based simulation training (7), face to face semi-
nars delivered by nurses on an annual basis (8), e-learning
followed by questionnaire and focused group discussions
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(9, 10), and computer assisted learning (CAL) in infection
control education (11).

The role of educational activities such as continuing
medical education (CME) to enhance the knowledge and
change the attitude is proved in many studies. Davis et al.
(12), in their review of 14 studies concluded that “interac-
tive continuing medical education sessions that enhance
participant activity and provide the opportunity to prac-
tice skills can affect changes in professional practice and
on occasions, health care outcomes”. In another review, in-
cluding 69 studies, O’Brien et al. (13) concluded that edu-
cational outreach visits alone or combined with other in-
terventions have effects on prescribing drugs that are rela-
tively consistent and small, but potentially important.

All the healthcare personnel are equally responsible
to prevent HAIs, but nurses are the most important front-
line staff (14). They play a critical role in controlling in-
fection that begins with early detection and surveillance
technique (15). Hence, nursing staff should be adequately
educated in the basic principles of infection control and
should undergo continuous trainings to acquire up-to-
date knowledge and skills. As a part of ongoing infection
control training of HCWs, periodic workshops/CMEs are or-
ganized for them. The current study represents the data
collected from the evaluation of a one-day workshop con-
ducted on the nursing staff.

2. Objectives

The current study aimed at assessing the existing
knowledge about the basic infection control practices and
evaluating the effectiveness of one-day educational activi-
ties on the improvement of the knowledge base.

3. Methods

3.1. Place of the Study

A tertiary care rural medical college and hospital, In-
dia.

The study was conducted as a part of the periodic train-
ing program of the hospital nursing staff by the Hospi-
tal Infection Control Committee. The study comprised 34
nursing staff as participants. All the participants were ini-
tially given the pretest questionnaire comprising 10 ques-
tions of two marks each (Table 1). The educational interven-
tion comprised of a day-long program consisting of two ac-
tivities as follows:

Interventional activity No. 1 - This activity comprised of
didactic presentations on various themes (topics) of hos-
pital infection control by the senior teaching fraternity of

the hospital. The covered topics were Hospital acquired in-
fections, standard precautions, sterilization, disinfection
and cleaning, maintaining an operation theatres (OT) dis-
cipline, housekeeping practices in the hospital, dealing
with an occupational exposure.

Interventional activity No.2 - The activity involved
hands-on training by the faculty members about impor-
tant routine procedures related to infection control such
as handwashing, donning and removal of gloves, working
with an autoclave, preparing in use dilutions of disinfec-
tants, fumigation and fogging, segregation, and disposal
of biomedical wastes. Printed standard operating proce-
dures upon the above procedures were also distributed
among the participants.

Following the educational intervention, the partici-
pants were subjected to posttest questionnaire. The total
maximum score for the test was 20. Both pretest score and
posttest score for each participant were compared with as-
sess the improvement in knowledge regarding the infec-
tion control practices. To ascertain the participant’s level
of perception about the topics covered in the activity, they
were subjected to a pre-validated feedback form contain-
ing the set of parameters.

3.2. Statistical Analysis

The pre- and posttest scores were compared using
paired t test and the significance level (P-value) was set to
0.05. The perception levels of the participants were as-
sessed by analyzing a pre-validated feedback form on a five-
point Likert scale.

Table 1. Questionnaire for Pretest -Posttest

ItemNo. Theme

1. Holding time and temperature of autoclave

2 Commonly used disinfectants and their concentrations

3 Chemicals that can be used as sterilizing agents and their
concentrations

4 Universal safety precautions / standard precautions

5 Indications for hand washing

6 Cleaning schedule of operation theatres

7 Chemicals with their quantity used for fumigation of a room

8 Type of biomedical waste that cannot be incinerated

9 The way of disposal of used needles and syringes

10 Management of accidental spillage of blood and body fluids at
the workplace
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4. Results

4.1. Participant’s Response Rate

The response rate of participants was 100% (n = 34) in
attempting both pretest and posttest questionnaire as well
as the overall feedback (n = 34).

4.2. Cognitive Learning Gain

The percentage of the posttest score for each question
was higher than that of the pretest score (Figure 1). The av-
erage test score increased significantly from 19.71% (aver-
age pretest score: 3.94 ± 2.3) to 76.69% (average posttest
score: 15.33 ± 2.4) (P < 0.05). The absolute learning gain
was 56.99%, while relative learning gain was 289.18%. The
class-average normalized gain for educational interven-
tion was 0.7097 (70.97%) (Table 2). The absolute learning
gain for each question is shown in Figure 2.

Table 2. Pretest and Posttest Scores and Cognitive Learning Gaina , b

Score/Gain Value

Pretest score, % 3.94 ± 2.3 (19.71)

Posttest score, % 15.33 ± 2.4 (76.69) c

Absolute learning gain 56.99

Relative learning gain 289.18

Class average normalized ratio 70.97

aValues are expressed as mean ± SD or N. (%).
bMaximum score of the test = 20
cP < 0.05 using the Student paired t test (pretest vs posttest scores).

4.3. Participant’s Feedback

Cronbach’s alpha, a measure for internal consistency
of questionnaire items, was 0.74. The participants per-
ceived this educational activity as useful. The participants’
rating score on a five-point Likert scale ranged 2 to 3 before
the intervention and 4 to 5 after the intervention (Table 3.)
The mode rating score increased from 3 (good) to 4 (very
good) for all the items.

5. Discussion

Infection control in health care settings is an impor-
tant and the sole responsibility of all HCWs. Amongst the
various components of infection control programme, edu-
cation of HCWs on safe and best infection control practices
plays a pivotal role. Nurses represent the largest group
of workers within the healthcare system than any other
HCW. They comprise the first line care providers to the pa-
tients, and serve as the heart and hands of the health team
(16). Hence, it is mandatory that they practice infection

control precautions safely and competently at all time. To
ensure this, it is important to keep their knowledge and
skills regarding infection control up-to-date. In the exist-
ing curriculum of undergraduate medical and nursing dis-
ciplines, prevention and control of HAIs is accorded with a
very little emphasis (17). Most often, it is restricted to few
didactic lectures on important aspects of infection con-
trol, aiming at attainment of only theoretical knowledge
(16). There is less effort towards empowering them with a
skill-based learning to positively affect their attitude while
working independently, thus avoiding the adverse conse-
quences. Formal training in infection control is conducted
by some hospitals as a short term certificate course. How-
ever, this is entirely an optional step and is undertaken by
the nursing staff purely on the basis of their own interest
or sometimes as a professional obligation to suit the needs
of their job description.

Although the extent and quality of infection control
education as a part of nursing curriculum is an unresolved
issue, it is still an essential constituent of the orienta-
tion process in each healthcare facility. Hence, imparting
knowledge about the basic infection control practices and
regularly updating the same by means of continued med-
ical or nursing education forms the mainstay of infection
control program of any hospital.

The current study focused on the in-charge nurses as
well as senior staff nurses from each of the clinical depart-
ments. Inclusion of senior level nursing staff in the activity
aimed at empowering them with the correct principles of
infection control, which can be disseminated to the staff
working under them. As stated by Cristopher et al. (2), em-
powering a core group of nurses helps to improve their
own knowledge and facilitates their capability to train oth-
ers as change agents, thereby improving clinical practice
to reduce HAIs. A master trainer’s course run by some lead-
ing hospitals also intends to achieve the same objective
(14).

The participants in the current study did not have any
kind of formal training in infection control in the past.
Therefore, the baseline knowledge was assessed in the cur-
rent study, using the pretest, probably had its link with
whatever was taught to them during graduation/post-
graduation or daily routine they were following under the
supervision of doctors. Expectedly, the prior knowledge
about the basic infection control routine was very poor
as was evident from the very low average pretest scores
(3.94± 2.3 out of 20). However, the scores significantly im-
proved (15.33 ± 2.4 out of 20) after the didactic and prac-
tical sessions (P < 0.05). The increase in the mean score
was by 11.39, which was quite significant. Fitzpatrick et
al. (18), in their study assessed the knowledge improve-
ment regarding hand hygiene after demonstrating a train-
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Figure 1. Pretest and posttest scores of the study participants

Table 3. Participants’ Perception About the Educational Activitya

No. Parameter
Participants Rating Mode

Before After Before After

1. Knowledge about the HAIs 2.38 ± 0.89 4.06 ± 0.80 3 4

2. Overall awareness about infection control
practices

2.56 ± 0.99 4.03 ± 0.72 3 4

3. Awareness about universal safety
precautions

2.74 ± 0.96 4.18 ± 0.63 3 4

4. Knowledge about ideal parameters for hand
washing

2.62 ± 0.89 4.15 ± 0.56 3 4

5. Knowledge about infection control in
operation theatres

2.56 ± 0.79 4.21 ± 0.48 3 4

6. Knowledge about housekeeping practices in
the hospital

2.56 ± 0.93 4.32 ± 0.64 3 4

7. Knowledge about sterilization and
disinfection of various items

2.56 ± 0.93 4.33 ± 0.65 3 4

8. Knowledge about occupational exposure
and post-exposure prophylaxis

2.53 ± 1.05 4.09 ± 0.67 3 4

9. Knowledge about segregation and disposal
of biomedical waste

2.68 ± 1.04 4.38 ± 0.60 3 4

10. Ability to implement infection control
practices at the workplace

2.62 ± 0.89 4.24 ± 0.55 3 4

aValues are expressed as mean ± SD.

ing video to 244 participants including 88 nurses. They
demonstrated an increase in the mean posttest score by
0.2499 among nurses and by 0.1704 and 0.1990 among

medical students and physicians, respectively. In a study
measuring the effect of a one day educational interven-
tion on knowledge regarding the use of disinfectants by
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Figure 2. Absolute learning gain for the study participants

nursing staff demonstrated significant improvement in
the posttest scores for items related to different aspects of
disinfectant use such as categorization of commonly used
medical and surgical devices, categorization of disinfec-
tants as high, intermediate, and low level disinfectants and
other aspects related to disinfectant use in hospital (19).

Item-wise analysis of the questionnaire showed that,
pretest score for questions 7, 8, and 10 was considerably
lower, which increased notably after the intervention in-
dicating a remarkable learning gain through the interven-
tion. These questions were based upon fumigation proce-
dure, biomedical waste management, and management of
accidental spillage of blood or body fluids.

Conversely, absolute learning gain of less than 50% was
observed in questions 2, 3, and 6, refuting the usefulness
of educational activity for these particular aspects. These
three questions were based upon the knowledge about
cleaning, disinfection, and sterilization practices used in
the hospital for the environment and equipment consid-
ered the most vital area in infection control. Since nurses
are the integral parts of this process, mandatory knowl-
edge about the instruments and chemicals used in ster-

ilization and disinfection is expected. However, surpris-
ingly, participants showed limited prior knowledge about
this important aspect, especially regarding the use of dis-
infectant solutions. Even after intervention, the expected
level could not be achieved. Although unanticipated in the
present study, similar kinds of unawareness were also ob-
served in a study by Keah et al., (20) where 23.1% of HCWs
did not know the temperature of sterilization while 72.4%
did not have sufficient knowledge of the use of disinfec-
tants with very little improvement in the average knowl-
edge (from 44.4% to 57.3%) after educating them. Some-
what similar results were obtained by Angellilo et al., (21)
in the responses they obtained from 216 nurses of which,
10% did not believe that items should be rinsed in wa-
ter after contact with glutaraldehyde and more than 25%
thought that 10 minutes contact time provided steriliza-
tion. This reflects a poor knowledge or ignorance on the
part of HCWs about this important aspect, which is actu-
ally a serious concern. It was felt that these aspects should
be given more emphasize in the form of repeated practi-
cal exposure, compulsory posting of nursing staff for a few
days in central sterile supply departments (CSSDs), contin-
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uous monitoring of the techniques by infection control
team members and periodically auditing the use of disin-
fectants in the wards.

Questionnaire analysis also revealed an improved
knowledge of the other important practices such as hand
washing, standard precautions, safe disposal of biomedi-
cal waste, and spillage management. All these topics cov-
ered using practical sessions had added impact on increas-
ing the level of understanding of the topic.

It is usually difficult to prove that a learning gain oc-
curs as a result of educational intervention due to various
factors as stated by Colt et al. (22). Therefore, many edu-
cators now use class average normalized gain and the re-
lated metrics to gauge a course’s effectiveness since they
are independent of study group’s pretest level of knowl-
edge (22, 23). Therefore, the current study was also based
upon a one-day educational intervention toward cognitive
gain assessment; the same parameters were used to eval-
uate the performance. The class-average normalized gain
was categorized as follows: 0.1 - 0.29 low gain, 0.3 - 0.69
medium gain, and 0.7 - 1.0 high gain. A class average nor-
malized gain of more than 0.7, as defined by the Hake cri-
teria (24), indicates that educational intervention in form
of a one-day CME and workshop was highly effective.

The perception of activity by the participants was note-
worthy as evident by the increase in participants‘ rating
score. Many of them were of the opinion that these kinds
of activities should be regularly conducted for them in fu-
ture as well.

Being sure of retention of the knowledge after the ed-
ucation is also equally important. As per Suchitra and
Laxmi Devi (25), the knowledge, attitude, and practice
(KAP) scores were definitely improved in the first post ed-
ucation assessment (after six months) but declined in the
post education second assessment (after 12 months) and
still further dropped in the third post-education assess-
ment (after 24 months). Retention of knowledge after sev-
eral weeks was a disappointing experience in some partici-
pant groups as stated by Wanger et al., (26) in their study
giving a thrust on multiple and simultaneous strategies
to improve compliance with infection control mandates.
Hence, it is recommended that yearly or half yearly teach-
ing and practical sessions should be organized to ensure
better retention of knowledge and positive effect on infec-
tion control procedures.

A targeted educational intervention can have consider-
able effect on long-term reduction of HAIs. Safdar and Abad
(27) in their review of 26 studies involving varied study
populations of healthcare providers and using a number
of different educational programs demonstrated statisti-
cally significant decrease in the infection rates after inter-
vention in 21 studies, with risk ratios ranging 0 to 0.79.

Cluster randomized trials using validated educational in-
terventions and costing methods were the recommended
ways to determine the independent effect of education on
reduced HAIs as well as cost-savings.

On the contrary, a detailed review by Ward et al. (28),
on the role of education to prevent and control infections
reflected no clear and definite link between education and
practice in the long-term, despite the fact that lack of
knowledge and education was identified as a reason for
poor practice by healthcare staff. The current study, regard-
less of demonstrating overall gain in knowledge, failed to
assess the ultimate long-term benefit in terms of reduction
in hospital acquired infections in each ward. It was sup-
posedly the most difficult part to evaluate in any other case
since improvement in clinical practice may not be solely at-
tributable to knowledge gain by one day educational inter-
vention. In practical settings, there are multiple variables,
which can impact both on practice and outcomes includ-
ing workload, skill mix, staff risk perception, time pres-
sures and facilities available for staff to use (28). Further
studies are needed to address why knowledge does not nec-
essarily improve practice. Hence, it is recommended that
further studies should be planned inclusive of these mea-
sures to assess sustained improvement in infection control
practice by HCWs.

5.1. Conclusion

Educational intervention has a significant impact on
improving the knowledge of nursing staff with respect to
infection control practices. Educational interventions at
periodic intervals should be encouraged to facilitate the
knowledge of HCWs on best infection control practices,
which help to decrease the healthcare associated infec-
tions.
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