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Abstract 

Background:  Standard precautions are minimum healthcare-associated infection prevention practices applied in all 
healthcare settings. The aim of this study was to investigate adherence to standard precautions using a survey and 
surveillance. Factors affecting observed adherence to standard precautions were also determined.

Methods:  This cross-sectional observational study included 163 clinical nurses who were directly involved in patient 
care. Differences in adherence according to investigative methods are represented as a boxplot. Quantile regression 
was used to identify factors affecting observed adherence, including organizational factors (such as department, 
safety environment, and patient safety climate) and personal factors (such as knowledge and awareness). Stata SE ver-
sion 14.2 was used for all statistical analyses.

Results:  The observed adherence to standard precautions was 76.8 out of 100, whereas the self-reported adher-
ence was approximately 95. Hand hygiene adherence received the lowest score of less than 70. Factors influencing 
observed adherence were self-reported adherence (p = 0.043) in 25% and 50% quantiles, work experience (p = 0.002) 
in the 25% quantile, and working department (p = 0.030) in the 50% quantile. There were no significant factors in the 
75% quantile.

Conclusion:  Inadequate adherence to standard precautions might increase healthcare-associated infections. Thus, 
an organizational environment such as nurse staffing needs to be established so that clinical nurses with high compe-
tency can comply with standard precautions in clinical settings.
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Background
The entire world is currently facing a crisis due to the 
outbreak of the novel coronavirus. The outbreak of infec-
tious diseases has a great impact on society at large, 
including healthcare and the economy [1]. South Korea 

suffered extensive damage due to the Middle East Res-
piratory Syndrome (MERS) outbreak in 2015. Thus, the 
importance of infection control has been emphasized in 
amendments to infection-related laws and regulations 
[2].

Hospitals are among environments that are most 
vulnerable to infectious diseases because patients are 
susceptible to infections not only due to their age and 
comorbidities, but also due to surgeries and/or invasive 
procedures they undergo in the hospital [3]. The average 
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prevalence of healthcare-associated infections [HAIs] has 
been estimated to be 4.5 – 15.5 per 100 patients, showing 
large differences by country, especially between Europe 
or the United States and developing countries [3, 4]. In 
addition, the fatality rate of HAIs has been reported to 
be 5.7% [5]. HAIs could affect several healthcare out-
comes and significantly prolong the length of stay by 5 – 
9 days [6, 7], resulting in significant increases of medical 
expenses [6–8]. Therefore, in a situation where the occur-
rence of new infectious diseases continues to increase, 
healthcare providers are trying to reduce and prevent 
HAIs. Despite various prevention efforts, more than one 
million patients experience HAIs annually in the United 
States and Europe [1, 9]. Since the MERS outbreak in 
2015, South Korea has established and applied more pro-
active policies and strategies to prevent HAIs. However, 
HAIs remain a challenge to overcome.

Standard precautions [SPs] are minimum HAI preven-
tion practices that should be applied proactively in all 
healthcare settings [10, 11]. The World Health Organiza-
tion [WHO] also recommends healthcare providers to 
comply with SPs as a sustainable and widely applicable 
basic strategy to prevent HAIs [12]. Most countries have 
adopted SPs for national health policy infection control. 
SPs for all patient care include the following eight strat-
egies: 1) hand hygiene, 2) the use of personal protective 
equipment (PPE), 3) safe injection practices, 4) cough 
etiquette, 5) environmental infection control including 
disinfection and sterilization, 6) handling textiles and 
laundry carefully, 7) isolation precautions, and 8) health-
care worker safety [13].

Several previous studies have reported that SP strate-
gies are effective in preventing HAIs. Among them, hand 
hygiene has already been revealed as a basic and effec-
tive way to reduce HAIs [14, 15]. Furthermore, using an 
appropriate type of PPE in the right way can significantly 
prevent the spread of HAIs between patients [16]. More-
over, safe injection practices can greatly reduce the risk 
of blood-related infections, which can be fatal to patients 
[17]. Among different healthcare workers, nurses per-
form these three safety precautions frequently. In addi-
tion, since nurses stay with patients at the bedside and 
provide direct patient care from fundamental care to 
invasive care, adherence to SPs for clinical nurses has a 
great impact on HAI prevention. Despite the importance 
of nurses’ adherence to SPs, it has been reported that 
their level of adherence is insufficient [14, 18–20].

Nurses’ adherence to SPs is influenced by both per-
sonal factors and environmental factors. Among personal 
factors, previous studies have reported that knowledge 
and awareness can significantly influence the adherence 
of nurses to SPs [10, 21–23]. To improve knowledge and 
awareness, education and training have been developed 

and implemented in clinical settings [11]. In the case of 
environmental factors, physical circumstances such as 
a heavy workload and the lack of resources and a safe 
environment are major factors faced by nurses [24, 25]. 
Recently, it has been reported that not only the physical 
environment, but also patient’s safety environment can 
influence nurses’ adherence to SPs [26]. A better patient 
safety climate is also related to greater adherence to SPs 
in various types of healthcare settings [26].

Although many previous studies have investigated fac-
tors influencing adherence to SPs, a limitation of sev-
eral studies was that only self-reported adherence, not 
observed adherence, to SPs was investigated. In addition, 
adherence to SPs showed differences in results depend-
ing upon the investigation method and the observed 
adherence to SPs showed a tendency to be lower than 
self-reported adherence [18, 27–29]. Since whether self-
reported adherence indicating intention is linearly asso-
ciated with actual adherence has not been determined, 
we cannot consider self-reported adherence as actual 
adherence.

Therefore, this study investigated the following 
research questions:

What is the difference between nurses’ self-reported 
adherence to SPs and observed adherence?
Which personal factors (such as knowledge and 
awareness of SPs) and organizational factors (such 
as work department, safe environment, and patient 
safety climate) influence observed adherence to SPs?

Methods
Study setting and sample
This cross-sectional observational study conducted both 
a survey and a surveillance to examine and compare 
adherence of clinical nurses to SPs according to the inves-
tigative method. The sample size was calculated based 
on ordinary least squares (OLS) regression considering 
a significance level of 0.05, a median effect size, and a 
power of 0.80. We confirmed the acceptable power under 
a given sample size and effect size in quantile regression 
[30]. We included 163 clinical nurses who worked at one 
general hospital in South Korea. As this study aimed to 
investigate adherence to SPs, we only included nurses 
directly caring for patients, excluding nurse managers 
and nurses working in departments not directly related 
to patient care. This study included nurses who worked 
in various departments, not only in general care units 
(such as the general ward and the integrated nursing 
unit), but also in special care units such as the intensive 
care unit (ICU) and emergency room (ER). Integrated 
care units were implemented in 2013 in South Korea to 
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decrease the caregiving burden and improve the quality 
of care. This unit provides care services by a nursing staff 
increased to about twice that of a general ward.

Data collection
From August 2018 to September 2018, data on adherence 
to SPs were collected through a survey and a surveillance 
using an instrument developed by referring to the Cent-
ers for Disease Control and Prevention (CDC) guidelines 
[13]. The survey was conducted in various departments, 
ranging from general ward to ICU. First, we obtained 
written informed consent from participants. Data were 
then collected using structured questionnaires, which 
included adherence to SPs and related factors. To reduce 
external effects on observation as much as possible, we 
conducted an observational study more than one week 
after the survey was completed. In the observational 
study, to establish validity, we assigned three nurses 
working in infection control departments who received 
specialized training in the surveillance, prevention, and 
control of HAIs as observers. These three observers 
were trained several times on observational behavior 
and observation points using the developed instrument. 
Lastly, before the observational study, 20 cases were pre-
observed using the instrument, confirming the instru-
ment’s validity. Among these 20 cases, evaluation by 
the three observers was consistent for 17 cases, indicat-
ing moderate agreement (Fleiss’s kappa = 0.5148). The 
observers visited the unit only during the day shift on 
weekdays and observed nurses who completed the survey 
from a distance and evaluated the nurses’ behavior corre-
sponding to each item on the developed instrument.

Survey tool
Adherence to SPs was measured using the instrument 
developed according to CDC guidelines. Among eight 
SP strategies, three strategies (i.e., hand hygiene, safe 
injection practices, and the use of PPE while provid-
ing patient care directly related to patient care) were 
included in this study. The instrument on SP adherence 
consisted of five items for each of these three SP strate-
gies for a total of 15 items. Each item was a question on 
a situation in which SPs should be performed. Circum-
stances in which handwashing should be performed 
included the following: 1) before touching a patient, 2) 
before cleaning/aseptic procedures, 3) after body fluid 
exposure risk, 4) after touching a patient, and 5) after 
touching patient surroundings. Hand hygiene included 
both hand washing with water and soap and hand rub-
bing with alcohol-based hand sanitizer [12]. Items on 
safe injection practices included the following: 1) dis-
infecting the rubber septum on a medication vial with 
alcohol before piercing, 2) not using needles or syringes 

for more than one patient, 3) discarding used infu-
sion sets, 4) not using single-dose medication for more 
than one patient, and 5) using a new needle/syringe 
even when withdrawing additional doses for the same 
patient. Last, items of PPE included the following: 1) 
wearing a gown if clothes were soiled with body fluids, 
secretions, or excretions, 2) changing PPE after use for 
each patient, 3) removing a gown before leaving the 
patient’s room, 4) turning the contaminated outer part 
of the gown toward the inside when removing it, and 5) 
not reusing a gown.

The frequency of adhering to SPs was investigated in 
the survey with a 5-point Likert scale (5: always, 4: often, 
3: sometimes, 2: rarely, and 1: never). Cronbach’s alpha 
was 0.88 in this study. In addition, the observational 
study evaluated whether nurses adhered to the SPs of 15 
items in the developed instrument by observing whether 
or not they were performed. Observed adherence was 
calculated as the percentage performed out of 15 items. 
To compare differences in the distribution according to 
research methods, the self-reported adherence based on 
a 5-point scale was converted to a 100-point scale.

We determined four variables associated with adher-
ence to SPs, i.e., knowledge, awareness, a safe environ-
ment, and patient safety climate derived from several 
previous studies [10, 23, 26]. Among these four vari-
ables, knowledge, awareness, and a safe environment 
were measured in this study by modifying the instrument 
developed by Jo and Choi [31] according to CDC guide-
lines [13]. Knowledge consisting of 25 items was meas-
ured by yes (1 point) or no (0 point) answers, with a total 
score ranging from 0 to 25. Awareness consisting of five 
items was measured on a 3-point Likert scale (2: highly 
agree, 1: agree, and 0: disagree), with total scores ranging 
from 0 to 10. The safe environment variable consisting of 
seven items was measured by yes or no, with a total score 
ranging from 0 to 7.

The patient safety climate was measured using an 
instrument developed by Moon [32], which consisted of 
10 items scored on a 7-point Likert scale. It was evalu-
ated by the average score. Cronbach alpha for the patient 
safety climate instrument was 0.88 in this study. Per-
mission to use each instrument was obtained from each 
author.

Ethical consideration
This study received ethical approval from Hallym Uni-
versity Medical Center Kangnam (HKS2018—06–017). 
Written informed consent was obtained from each par-
ticipant. Permission to use the survey instrument was 
obtained by the primary investigator. We offered com-
pensation to participants and observers of this study.
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Analysis
Nurses’ characteristics are reported as mean and stand-
ard deviation [SD] for continuous variables and frequen-
cies and percentages for categorical variables. Descriptive 
analysis of the two types of adherence (self-reported and 
observed) and the four influencing variables are reported 
as mean and SD. After making the measurement level of 
the observed adherence and the self-reported adherence 
the same, the difference between the mean and distribu-
tion of the adherence according to the survey method 
was presented as a box plot. Correlations between the 
four influencing variables and the two types of adherence 
were analyzed using Pearson’s correlation coefficient. 
Quantile regression analysis was used to identify factors 
affecting observed adherence to SPs, assuming that vari-
ables influencing each adherence quantile were different 
and the observed adherence had a skewed shape and data 
outliers. Results from quantile regression and standard 
linear regression were compared. Stata SE version 14.2 
was used for all statistical analyses.

Results
A total of 163 nurses were included in this study. Their 
characteristics are shown in Table  1. Their average 
age was 27.5  years. Most (92.6%) nurses were women. 
More than 90% of these nurses had a bachelor’s degree 
or a diploma. Their average work experience was 
54.9  months. Newly graduated nurses who worked less 
than a year accounted for 23.3% of participants in this 

study. Most (95.1%) nurses had received education on 
infection control.

Table  2 shows levels of four variables associated with 
adherence to SPs according to study methods of survey 
and surveillance. The average score was 21.5 for knowl-
edge, 8.8 for awareness, 5.9 for patient safety climate, and 
6.1 for safe environment. In the case of adherence to SPs, 
the self-reported adherence score was 4.7 points, which 
was approximately 95 points after converting it to a 100-
point scale. In contrast, the observed adherence to SPs 
was 76.8 points, which was lower than the self-reported 
adherence (Fig. 1). Hence, adherence to SPs varied con-
siderably depending on the investigation method. These 
surveillance results were lower than survey results not 
only for overall scores, but also for each strategy. Accord-
ing to each SP strategy, the difference between self-
reported and observed adherence scores was the lowest 
for safe injection practices, which was 90 or higher in 
both methods. However, hand hygiene and the use of 
PPE showed differences of 20 points or more between 
self-reported and observed scores. The observed adher-
ence to hand hygiene was under 70 points, which was the 
lowest among SPs.

Among the four variables related to the adherence to 
SPs, all variables except knowledge were significantly cor-
related with self-reported adherence. However, observed 
adherence was significantly correlated with only patient 
safety climate (r = 0.16, p = 0.036). In addition, there was 
a significant correlation between results of the two meth-
ods (r = 0.28, p < 0.001).

In the case of observed adherence to SPs, the average 
score was lower than self-reported scores and the dis-
tribution was larger than self-reported scores. Observed 
adherence ranged widely from 16.7% to 100%. The dis-
tribution of the observed adherence to SPs showed a 
skewed shape. Therefore, we investigated factors asso-
ciated with observed adherence to SPs using quantile 
regression. To prevent multicollinearity, we included 
work experience instead of age. In addition, variables that 
showed significant correlations with observed adherence 

Table 1  Characteristics of clinical nurses (N = 163) enrolled for 
this study

Characteristics Categories N (%) Mean ± SD

Gender Men 12 (7.4)

Women 151 (92.6)

Age (years)  < 26 81 (49.7) 27.5 ± 5.5

26 ~ 30 51 (31.3)

 > 30 31 (19.0)

Education level Diploma 48 (29.4)

Bachelor’s 105 (64.5)

Master’s 10 (6.1)

Work experience 
(months)

 < 12 38 (23.3)

12 ~  < 36 54 (33.1) 54.9 ± 66.7

36 ~  < 60 22 (13.5)

 ≥ 60 49 (30.1)

Work department Intensive care unit 50 (30.9)

Integrated care unit 13 (8.0)

Emergency room 19 (11.7)

General ward 80 (49.4)

Education on infection 
control

Yes 155 (95.1)

No 8 (4.9)

Table 2  Levels of knowledge, awareness, patient safety climate, 
safe environment, and adherence to standard precautions

Variables Items Mean ± SD [Min—Max]

Knowledge 25 21.5 ± 1.9 [14.0—25.0]

Awareness 5 8.8 ± 1.2 [5.0–10.0]

Safe environment 7 6.1 ± 1.0 [2.0- 7.0]

Patient safety climate 10 5.9 ± 0.8 [2.3—7.0]

Self-reported adherence 15 4.7 ± 0.3 [3.1—5.0]

Observed adherence 15 76.8 ± 19.6 [16.7—100.0]
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to SPs in Table 3 were selected as independent variables. 
There was no multicollinearity in the regression model 
because the variance inflation factor (VIF) was less than 
the threshold value [1.21 – 1.90].

In ordinal least square (OLS) analysis, statistically sig-
nificant variables were self-reported adherence, work 
experience, and work department. Regarding each quan-
tile, statistically significant variables were self-reported 
adherence (p = 0.043) and work experience (p = 0.002) in 
the 25% quantile and self-reported adherence (p = 0.032) 
and work department (p = 0.030) in the 50% quantile. 
However, there were no significant variables associated 
with observed adherence in the 75% quantile (Table 4). In 
the case of the work department, the number of patients 

nurses were responsible for was the lowest in the ICU, 
followed by those in the integrated care unit, ER, and 
the general ward. In the regression model, adherence of 
nurses in the general ward was significantly lower than 
that of nurses in the ICU. Hence, if nurses take care of 
many patients, the actual adherence to SPs will inevitably 
decrease, especially in the middle adherence quantile.

Discussion
This study investigated adherence to SPs using a sur-
vey and a surveillance. The self-reported adherence 
score investigated by the survey was 4.7 points out of 5 
points, meaning that most nurses responded that they 
always performed (5 points on the Likert scale) or often 

Fig. 1  Comparison between self-reported adherence to SPs and observed adherence to SPs

Table 3  Correlations between knowledge, awareness, safe environment, patient safety climate, and adherence to standard 
precautions

Variables r (p-value)

1 2 3 4 5 6

1. Knowledge 1

2. Awareness -0.15 (0.053) 1

3. Safe environment 0.15 (0.057) 0.18 (0.023) 1

4. Patient safety climate 0.25 (0.002) 0.33 (< 0.001) 0.45 (< 0.001) 1

5. Self-reported adherence 0.10 (0.227) 0.23 (0.003) 0.41 (< 0.001) 0.57 (< 0.001) 1

6. Observed adherence 0.06 (0.450) -0.01 (0.973) 0.13 (0.091) 0.16 (0.035) 0.28 (< 0.001) 1



Page 6 of 9Kim and Lee ﻿BMC Nursing          (2022) 21:199 

performed (4 points on the Likert scale) all SP items. 
These results were slightly higher than those of previous 
studies [10, 23]. However, results from previous studies 
were also high, reporting around 4 out of 5 points [10, 
23]. This might be attributed to the importance of infec-
tion control emphasized in overall healthcare settings 
after the MERS outbreak in South Korea. These exces-
sively high results might also be attributed to the investi-
gation method.

In this study, the observed and self-reported adher-
ence to SPs showed a large difference. Moret, Tequi, 
and Lombrail [33] have reported that differences 
between self-reported adherence and observed adher-
ence are insignificant. They suggested the applicability 
of the self-reported method, which is easy to use and 
inexpensive. However, several studies have reported 
differences in SP adherence according to the inves-
tigation method [18, 27]. Poor validity of the self-
reported method has also been reported [28]. Eldridge 
et  al. [18] have investigated effects of hand hygiene 
practices and found that the observed adherence is 
increased significantly to 47% – 80%, whereas the self-
reported adherence shows little change at the level of 
87% regardless of hand hygiene practices. This means 
that self-reported adherence does not indicate actual 
performance or reflect clinical situations. Since health-
care providers regard adequate adherence to SPs as the 
healthcare provider’s obligation, self-reported adher-
ence, which measures the intention to adhere to SPs, 
might be higher than actual adherence. Especially in 
the pandemic situation with excessive workloads and 

insufficient resources, adherence to SPs has been found 
to be lower than that in usual situations [34]. Thus, the 
gap between self-reported and observed adherence 
might be greater than results of this study depending 
on the clinical situation.

Among SP sub-strategies, although hand hygiene is 
a basic infection control practice, the observed adher-
ence to hand hygiene was the lowest [below 70 points] 
among all SP strategies. Previous studies have also shown 
that the observed adherence to hand hygiene is low [14, 
19]. In the case of no observers such as in video sur-
veillance, the adherence is even worse [20]. Hence, real 
hand hygiene adherence might be extremely low because 
results excluding observer’s effect would be more realis-
tic. Poor hand hygiene is a risk factor for HAIs [14, 15]. 
Therefore, studies investigating barriers hindering the 
adherence of nurses to hand hygiene and effective strat-
egies to improve adherence are needed. The observed 
adherence to PPE use was much lower than the self-
reported adherence. Their difference between the two 
methods was as large as that for hand hygiene. Compared 
to hand hygiene and safe injection practices, PPE use is 
affected more by external factors such as equipment 
shortages and nursing workload [34]. Thus, the observed 
adherence to PPE use in this study might have been 
affected by working conditions on the surveillance day. 
Among SP strategies, adherence to safe injection prac-
tices had the highest self-reported and observed scores. 
Since safe injection practices have the most direct effect 
on patients, scores should be increased as close to 100 
points as possible by implementing various strategies.

Table 4  Factors influencing observed adherence to standard precautions using quantile regression analysis

* p < 0.05, **p < 0.01

Variables OLS Regression QR at 0.25 quantile QR at 0.50 quantile QR at 0.75 
quantile

Coeff SE Coeff SE Coeff SE Coeff SE

Personal factors Self-reported adherence 11.91* 5.36 16.23* 8.18 13.62* 6.30 13.61 7.62

Education on infection control 1.06 6.60 -9.92 22.38 -9.83 8.11 -1.15 9.46

Work experience (years) 1.40** 0.35 1.86** 0.47 1.17** 0.38 0.72 0.51

Education level (base: diploma)

Bachelor’s -2.29 3.21 -4.04 5.26 -2.00 3.47 0.58 3.83

Graduate -4.53 7.86 -13.89 7.03 -2.03 11.65 -0.70 8.79

Gender (base: men) 3.42 5.99 7.21 14.39 6.58 10.99 -1.27 7.49

Organizational factors Patient safety climate -0.58 2.28 -0.39 4.00 -0.94 2.18 1.63 3.27

Work department (base: ICU)

Integrated care unit 2.27 5.85 -1.98 8.49 -2.49 5.00 -1.36 9.80

Emergency room 0.17 5.18 1.39 7.68 -2.22 6.31 3.36 6.01

General ward -7.52* 3.68 -11.03 5.81 -8.43* 3.86 -2.32 5.67

Constant 18.34 23.23 -6.94 38.34 23.37 36.88 14.78 27.74

R2 .18 .15 .15 .13



Page 7 of 9Kim and Lee ﻿BMC Nursing          (2022) 21:199 	

As mentioned earlier, healthcare providers recognize 
the importance of perfect adherence to SPs and have a 
high intention to comply, consistent with results of this 
study. Hence, their low performance can never be attrib-
uted to low knowledge or low awareness. Other vari-
ables or barriers besides knowledge or awareness should 
be identified. Recently, some studies have reported that 
organizational conditions such as overcrowding and 
emergencies are factors hindering the adherence to SPs 
by clinical nurses [34, 35]. We conducted an observa-
tional study during the day shift on weekdays, which was 
the time when there were more patients with many nurs-
ing activities such as examinations and procedures per-
formed. These clinical factors might have influenced the 
adherence to SPs in this study.

This study showed that the observed adherence was 
associated with work experience and work department 
in quantile regression analysis and patient safety climate 
in correlation analysis. Regarding work experience, the 
shorter the experience, the lower the adherence to SPs 
in this study. These findings were consistent with a study 
by Murray, Sundin, and Cope [36], which reported a the-
ory–practice gap in SPs in newly graduated nurses. This 
gap has been attributed to difficulties newly graduated 
nurses experience in managing the pressure of limited 
time compared to experienced nurses working under the 
same conditions [36, 37]. When newly graduated nurses 
must take care of many patients, they cannot adequately 
comply with SPs. Therefore, to improve adherence to SPs, 
nurse managers should set workloads considering both 
each nurse’s competency and working conditions.

The work department was also an influencing factor in 
the observed adherence to SPs in this study. Nurses in the 
general ward showed the lowest adherence to SPs. Nurses 
in integrated care units are in charge of eight patients, 
whereas nurses in general wards are in charge of more 
than 15 patients [38]. The adherence of nurses in the 
integrated unit and that of ICU nurses showed no signifi-
cant difference. However, the adherence of general ward 
nurses was significantly lower than that of ICU nurses. 
Thus, organizational factors such as nurse staffing and 
work environment influenced the performance of indi-
vidual nurses. Hence, insufficient resources such as staff 
and facilities might have contributed to the low adher-
ence in the general ward. This result appears to be con-
sistent with findings of other investigations, showing that 
patients in understaffed units are more likely to develop 
HAIs [39, 40]. HAIs are nursing-sensitive outcomes [40]. 
If structure indicators such as adequate nurse staffing 
levels are not met, process indicators such as adherence 
to SPs will inevitably not be met at adequate levels [41]. 
Consequentially, understaffing conditions and the insuf-
ficient provision of nursing services lead to increases of 

HAIs. Therefore, setting an adequate nurse staffing level 
should take precedence to ensure adequate adherence to 
SPs.

In this study, we used quantile regression to investi-
gate factors associated with adherence to SPs. Through 
quantile regression, we identified influencing factors 
that differed according to the performance level. In the 
25% quantile, work experience was a significant factor. 
This means that clinical nurses need to be prepared to 
perform clinical practice. Several studies have also sup-
ported the need to enhance work readiness during early 
stages of a nurse’s career due to increased complexity 
of care and acutely ill patients [42]. In the 50% quantile, 
the work department, which also determined how many 
patients a nurse was in charge of, was a significant fac-
tor. Compared to ICU nurses, nurses in the general ward 
showed statistically low adherence to SPs, while nurses in 
other departments such as the emergency room and inte-
grated care unit did not show a significant difference in 
adherence to SPs. Some studies have reported that inte-
grated care units in South Korea have a positive effect 
on patient-centered outcomes such as falls and pressure 
ulcers [43, 44]. In the integrated care unit, not only falls 
and pressure ulcers, but also nurses’ adherence to SPs 
could be better than those in the general ward. Moreo-
ver, as better adherence to SPs would ultimately improve 
final outcomes, an integrated nursing care system should 
show positive effects on reducing HAIs. There were no 
significant factors affecting adherence to SPs in the 75% 
quartile because we could not include all variables related 
to SP adherence. In addition, most nurses showed very 
high adherence to SPs.

We did not include knowledge, awareness, or safe envi-
ronment in the quantile regression model because these 
three variables did not show significant correlations with 
observed adherence in this study. However, among them, 
awareness and safe environment were significantly cor-
related with self-reported adherence. Several researchers 
have insisted that knowledge and awareness of hospital 
infection control are significantly associated with perfor-
mance [21, 22] and suggested relevant training for clinical 
nurses for this reason. Thus, increasing knowledge and 
awareness is a facilitating factor in improving adherence 
to SPs. However, to improve adherence to SPs, not only 
facilitators, but also barriers should be considered. In this 
study, knowledge was not significantly correlated with 
adherence to SPs in survey or surveillance scores, which 
was a different result from other studies [19, 28]. The dis-
crepancy might be attributed to the instrument used in 
this study. In this study, the average score for knowledge 
was high and the variance was small, indicating little dif-
ference between nurses. Thus, further research is needed 
to revise the knowledge instrument.
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Limitations
This study has some limitations. First, as we assumed 
that the observed adherence might be distorted due to 
external factors, we could not observe each behavior in 
the developed instrument several times. In addition, 
one nurse was watched by only one observer. There-
fore, the possibility of an error by the observer could 
not be excluded. The possibility of variance in adher-
ence according to the clinical situation could not be 
considered either. Despite efforts to avoid observer 
effects, there might be an external effect compared to 
video surveillance. Second, as the observational survey 
was conducted only during the day shift on weekdays, 
we could not investigate changes in adherence to SPs 
depending upon the shift or various working environ-
ments. In addition, three observers participated in the 
observational study. To reduce discrepancies in results 
between observers, education and training were con-
ducted several times before observations. However, 
there might have been differences between observers 
because one observer observed one nurse. Lastly, as we 
conducted this study at only one general hospital, we 
could not consider various organizational factors. This 
also limited the generalizability of our study results.

Conclusions
A great difference in adherence to SPs was found 
between survey and surveillance methods. The 
observed adherence was lower than the self-reported 
adherence. However, the observed adherence was sig-
nificantly correlated with the self-reported adherence. 
Factors influencing adherence to SPs were organiza-
tional factors such as understaffing and work experi-
ence rather than knowledge and awareness in the 25% 
and 50% quantile groups. Clinical nurses in Korea 
display competency by showing a high willingness to 
comply with SPs. Thus, an organizational environment 
needs to be established so that clinical nurses with high 
competency can comply with SPs in clinical settings. 
Setting adequate nurse staffing levels and developing 
strategies to improve competencies for newly gradu-
ated nurses are needed to improve adherence to SPs by 
clinical nurses.

Abbreviations
SPs: Standard Precautions; HAI: Healthcare-Associated Infection; MERS: Middle 
East Respiratory Syndrome; WHO: World Health Organization; PPE: Personal 
Protective Equipment; CDC: Center for Disease Control and Prevention; ICU: 
Intensive Care Unit; OLS: Ordinal Least Square; QR: Quantile.

Acknowledgements
We thank the three nurses who participated in this study as observers.

Authors’ contributions
JS and EH contributed to the study aim, research design, and overall structure 
of the manuscript. EH conducted all statistical analyses and drafted the 
manuscript. All authors have read and agreed to the published version of the 
manuscript. The authors read and approved the final manuscript.

Funding
This research was funded by Hallym University [grant number 
HRF-202005–009].

Availability of data and materials
The data sets used and analyzed during this study can be obtained from the 
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This study received ethical approval from Hallym University Medical Center 
Kangnam (HKS2018—06–017). Hallym University Medical Center Kangnam 
has an ethics committee/institutional review board to approve the study on 
humans or not. Written informed consent was obtained from each participant. 
Permission to use the survey instrument was obtained by the primary inves-
tigator. We offered compensation to participants and observers of this study. 
All methods in this study were performed in accordance with the relevant 
guidelines and regulations.

Consent for publication
No applicable.

Competing interests
The authors have no competing interests relevant to this study to disclose.

Author details
1 Hallym University Medical Center Kangnam, Seoul, Korea. 2 School of Nursing, 
Hallym University, 1 Hallymdaehak‑Gil, Chuncheon, Gangwon‑do 24252, 
Republic of Korea. 

Received: 6 December 2021   Accepted: 14 July 2022

References
	1.	 Smith KM, Machalaba CC, Seifman R, Feferholtz Y, Karesh WB. Infectious 

disease and economics: The case for considering multi-sectoral impacts. 
One Health. 2019;7:100080. https://​doi.​org/​10.​1016/j.​onehlt.​2018.​100080.

	2.	 Lee KM, Jung K. Factors influencing the response to infectious diseases: 
focusing on the case of SARS and MERS in South Korea. Int J Environ Res 
Public Health. 2019;16(8):1432. https://​doi.​org/​10.​3390/​ijerp​h1608​1432.

	3.	 Facciola A, Pellicano GF, Visalli G, Paolucci IA, Venanzi Rullo E, Ceccarelli M, 
et al. The role of the hospital environment in the healthcare-associated 
infections: a general review of the literature. Eur Rev Med Pharmacol Sci. 
2019;23:1266–78. https://​doi.​org/​10.​26355/​eurrev_​201902_​17020.

	4.	 Allegranzi B, Bagheri Nejad S, Combescure C, Graafmans W, Attar H, 
Donaldson L, et al. Burden of endemic health-care-associated infection 
in developing countries: systematic review and meta-analysis. Lancet. 
2011;377:228–41. https://​doi.​org/​10.​1016/​S0140-​6736(10)​61458-4.

	5.	 Klevens RM, Edwards JR, Richards CL Jr, Horan TC, Gaynes RP, Pollock DA, 
et al. Estimating health care-associated infections and deaths in U.S. hos-
pitals, 2002. Public Health Rep. 2007;122:160–6. https://​doi.​org/​10.​1177/​
00333​54907​12200​205.

	6.	 Tweddell S, Loomba RS, Cooper DS, Benscoter AL. Health care-associated 
infections are associated with increased length of stay and cost but not 
mortality in children undergoing cardiac surgery. Congenit Heart Dis. 
2019;14:785–90. https://​doi.​org/​10.​1111/​chd.​12779.

	7.	 Lu Y, Cai MH, Cheng J, Zou K, Xiang Q, Wu JY, et al. A multi-center nested 
case-control study on hospitalization costs and length of stay due 
to healthcare-associated infection. Antimicrob Resist Infect Control. 
2018;7:99. https://​doi.​org/​10.​1186/​s13756-​018-​0386-1.

https://doi.org/10.1016/j.onehlt.2018.100080
https://doi.org/10.3390/ijerph16081432
https://doi.org/10.26355/eurrev_201902_17020
https://doi.org/10.1016/S0140-6736(10)61458-4
https://doi.org/10.1177/003335490712200205
https://doi.org/10.1177/003335490712200205
https://doi.org/10.1111/chd.12779
https://doi.org/10.1186/s13756-018-0386-1


Page 9 of 9Kim and Lee ﻿BMC Nursing          (2022) 21:199 	

	8.	 Umscheid CA, Mitchell MD, Doshi JA, Agarwal R, Williams K, Brennan PJ. 
Estimating the proportion of healthcare-associated infections that are 
reasonably preventable and the related mortality and costs. Infect Con-
trol Hosp Epidemiol. 2011;32:101–14. https://​doi.​org/​10.​1086/​657912.

	9.	 Cassini A, Plachouras D, Eckmanns T, Abu Sin M, Blank HP, Ducomble T, 
et al. Burden of six healthcare-associated infections on European popula-
tion health: estimating incidence-based disability-adjusted life years 
through a population prevalence-based modelling study. PLoS Med. 
2016;13:e1002150. https://​doi.​org/​10.​1371/​journ​al.​pmed.​10021​50.

	10.	 Beyamo A, Dodicho T, Facha W. Compliance with standard precaution 
practices and associated factors among health care workers in Dawuro 
Zone, South West Ethiopia, cross sectional study. BMC Health Serv Res. 
2019;19:381. https://​doi.​org/​10.​1186/​s12913-​019-​4172-4.

	11.	 Moralejo D, El Dib R, Prata RA, Barretti P, Correa I. Improving adherence to 
standard precautions for the control of health care-associated infections. 
Cochrane Database Syst Rev. 2018;2:CD010768. https://​doi.​org/​10.​1002/​
14651​858.​CD010​768.​pub2.

	12.	 World Health Organization. Standard precautions in health care. Geneva: 
World Health Organization; 2007. https://​www.​who.​int/​publi​catio​ns/m/​
item/​stand​ard-​preca​utions-​in-​health-​care.

	13.	 Centers for Disease Control and Prevention. Standard precautions for all 
patient care. Atlanta: Centers for Disease Control and Prevention; 2016. 
https://​www.​cdc.​gov/​infec​tionc​ontrol/​basics/​stand​ard-​preca​utions.​html.

	14.	 Ojanpera H, Kanste OI, Syrjala H. Hand-hygiene compliance by hospital 
staff and incidence of health-care-associated infections. Finland Bull 
World Health Organ. 2020;98:475–83. https://​doi.​org/​10.​2471/​BLT.​19.​
247494.

	15.	 Pessoa-Silva CL, Hugonnet S, Pfister R, Touveneau S, Dharan S, Posfay-
Barbe K, et al. Reduction of health care associated infection risk in neo-
nates by successful hand hygiene promotion. Pediatrics. 2007;120:e382–
90. https://​doi.​org/​10.​1542/​peds.​2006-​3712.

	16.	 Honda H, Iwata K. Personal protective equipment and improving compli-
ance among healthcare workers in high-risk settings. Curr Opin Infect Dis. 
2016;29:400–6. https://​doi.​org/​10.​1097/​QCO.​00000​00000​000280.

	17.	 Dolan SA, Felizardo G, Barnes S, Cox TR, Patrick M, Ward KS, et al. APIC 
position paper: safe injection, infusion, and medication vial practices 
in health care. Am J Infect Control. 2010;38:167–72. https://​doi.​org/​10.​
1016/j.​ajic.​2010.​01.​001.

	18.	 Eldridge NE, Woods SS, Bonello RS, Clutter K, Ellingson L, Harris MA, et al. 
Using the six sigma process to implement the Centers for Disease Control 
and Prevention guideline for hand hygiene in 4 intensive care units. J Gen 
Intern Med. 2006;21:S35-42. https://​doi.​org/​10.​1111/j.​1525-​1497.​2006.​
00361.x.

	19.	 Wiemken TL, Hainaut L, Bodenschatz H, Varghese R. Hand hygiene 
compliance surveillance with time series anomaly detection. Am J Infect 
Control. 2019;47:1449–52. https://​doi.​org/​10.​1016/j.​ajic.​2019.​06.​003.

	20.	 Sharma S, Khandelwal V, Mishra G. Video surveillance of hand hygiene: 
a better tool for monitoring and ensuring hand hygiene adherence. 
Indian J Crit Care Med. 2019;23:224–6. https://​doi.​org/​10.​5005/​jp-​journ​
als-​10071-​23165.

	21.	 Asmr Y, Beza L, Engida H, Bekelcho T, Tsegaye N, Aschale Y. Assessment 
of knowledge and practices of standard precaution against blood borne 
pathogens among doctors and nurses at adult emergency room in Addis 
Ababa Ethiopia. Emerg Med Int. 2019;2019:2926415. https://​doi.​org/​10.​
1155/​2019/​29264​15.

	22.	 Ndu AC, Arinze-Onyia SU. Standard precaution knowledge and adher-
ence: do doctors differ from medical laboratory scientists? Malawi Med J. 
2017;29:294–300. https://​doi.​org/​10.​4314/​mmj.​v29i4.3.

	23.	 Angaw DA, Gezie LD, Dachew BA. Standard precaution practice and 
associated factors among health professionals working in Addis Ababa 
government hospitals, Ethiopia: a cross-sectional study using multilevel 
analysis. BMJ Open. 2019;9:e030784. https://​doi.​org/​10.​1136/​bmjop​
en-​2019-​030784.

	24.	 Zeb S, Ali TS. Factors associated with the compliance of standard precau-
tion] review article. J Pak Med Assoc. 2021;71:713–7. https://​doi.​org/​10.​
47391/​JPMA.​416.

	25.	 Oh E, Choi JS. Factors influencing the adherence of nurses to stand-
ard precautions in South Korea hospital settings. Am J Infect Control. 
2019;47:1346–51. https://​doi.​org/​10.​1016/j.​ajic.​2019.​05.​015.

	26.	 Hessels AJ, Larson EL. Relationship between patient safety climate and 
standard precaution adherence: a systematic review of the literature. J 
Hosp Infect. 2016;92:349362. https://​doi.​org/​10.​1016/j.​jhin.​2015.​08.​023.

	27.	 Oliveira AC, de Paula AC, Gama CS. Monitoring hand hygiene: direct 
observation versus self-report rates. Enferm Glob. 2017;48:344–53. 
https://​doi.​org/​10.​6018/​eglob​al.​16.4.​277861.

	28.	 Haas JP, Larson EL. Measurement of compliance with hand hygiene. J 
Hosp Infect. 2007;66:6–14. https://​doi.​org/​10.​1016/j.​jhin.​2006.​11.​013.

	29.	 Lee A, Chalfine A, Daikos GL, Garilli S, Jovanovic B, Lemmen S, et al. Hand 
hygiene practices and adherence determinants in surgical wards across 
Europe and Israel: a multicenter observational study. Am J Infect Control. 
2011;39:517–20. https://​doi.​org/​10.​1016/j.​ajic.​2010.​09.​007.

	30.	 Yanuar F. Sample size and power calculation for univariate case in quan-
tile regression. J Phys: Conf Ser. 2018;948:012072.

	31.	 Jo G, Choi JS. Knowledge of and dompliance with standard precau-
tions by nurses in intensive care unit. J Korean Acad Fundam Nurs. 
2010;17:73–81.

	32.	 Moon JA. Structural model of performance of healthcare-associated 
infection control guideline in hospital nurses. Doctoral thesis. Gwangju: 
Chonnam National University; 2015.

	33.	 Moret L, Tequi B, Lombrail P. Should self-assessment methods be used to 
measure compliance with handwashing recommendations? A study car-
ried out in a French university hospital. Am J Infect Control. 2004;32:384–
90. https://​doi.​org/​10.​1016/j.​ajic.​2004.​02.​004.

	34.	 Houghton C, Meskell P, Delaney H, Smalle M, Glenton C, Booth A, et al. 
Barriers and facilitators to healthcare workers’ adherence with infection 
prevention and control (IPC) guidelines for respiratory infectious diseases: 
a rapid qualitative evidence synthesis. Cochrane Database Syst Rev. 
2020;4:CD013582. https://​doi.​org/​10.​1002/​14651​858.​CD013​582.

	35.	 Donati D, Biagioli V, Cianfrocca C, Marano T, Tartaglini D, De Marinis MG. 
Experiences of compliance with standard precautions during emergen-
cies: A qualitative study of nurses working in intensive care units. Appl 
Nurs Res. 2019;49:35–40. https://​doi.​org/​10.​1016/j.​apnr.​2019.​07.​007.

	36.	 Murray M, Sundin D, Cope V. New graduate registered nurses’ knowledge 
of patient safety and practice: a literature review. J Clin Nurs. 2018;27:31–
47. https://​doi.​org/​10.​1111/​jocn.​13785.

	37.	 Ghaffari M, Rakhshanderou S, Safari-Moradabadi A, Barkati H. Exploring 
determinants of hand hygiene among hospital nurses: a qualitative study. 
BMC Nurs. 2020;19:109. https://​doi.​org/​10.​1186/​s12912-​020-​00505-y.

	38.	 Cho S, Lee JY, June KJ, Hong KJ, Kim Y. Nurse staffing levels and propor-
tion of hospitals and clinics meeting the legal standard for nurse staffing 
for 1996–2013. J Korean Acad Nurs Adm. 2016;22:209–19. https://​doi.​org/​
10.​11111/​jkana.​2016.​22.3.​209.

	39.	 Shang J, Needleman J, Liu J, Larson E, Stone PW. Nurse staffing and 
healthcare-associated infection, unit-level analysis. J Nurs Adm. 
2019;49:260–5. https://​doi.​org/​10.​1097/​NNA.​00000​00000​000748.

	40.	 Twigg DE, Kutzer Y, Jacob E, Seaman K. A quantitative systematic review 
of the association between nurse skill mix and nursing-sensitive patient 
outcomes in the acute care setting. J Adv Nurs. 2019;75:3404–23. https://​
doi.​org/​10.​1111/​jan.​14194.

	41.	 Breyer JZ, Giacomazzi J, Kuhmmer R, Lima KM, Hammes LS, Ribeiro 
RA, et al. Hospital quality indicators: a systematic review. Int J 
Health Care Qual Assur. 2019;32:474–87. https://​doi.​org/​10.​1108/​
IJHCQA-​04-​2018-​0091.

	42.	 Baumann A, Crea-Arsenio M, Hunsberger M, Fleming-Carroll B, Keatings 
M. Work readiness, transition, and integration: The challenge of specialty 
practice. J Adv Nurs. 2019;75:823–33. https://​doi.​org/​10.​1111/​jan.​13918.

	43.	 Kim J, Kim S, Park J, Lee E. Multilevel factors influencing falls of patients 
in hospital: The impact of nurse staffing. J Nurs Manag. 2019;27:1011–9. 
https://​doi.​org/​10.​1111/​jonm.​12765.

	44.	 Kim J, Lee JY, Lee E. Risk factors for newly acquired pressure ulcer and 
the impact of nurse staffing on pressure ulcer incidence. J Nurs Manag. 
2022;30(5):O1–9. https://​doi.​org/​10.​1111/​jonm.​12928.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1086/657912
https://doi.org/10.1371/journal.pmed.1002150
https://doi.org/10.1186/s12913-019-4172-4
https://doi.org/10.1002/14651858.CD010768.pub2
https://doi.org/10.1002/14651858.CD010768.pub2
https://www.who.int/publications/m/item/standard-precautions-in-health-care
https://www.who.int/publications/m/item/standard-precautions-in-health-care
https://www.cdc.gov/infectioncontrol/basics/standard-precautions.html
https://doi.org/10.2471/BLT.19.247494
https://doi.org/10.2471/BLT.19.247494
https://doi.org/10.1542/peds.2006-3712
https://doi.org/10.1097/QCO.0000000000000280
https://doi.org/10.1016/j.ajic.2010.01.001
https://doi.org/10.1016/j.ajic.2010.01.001
https://doi.org/10.1111/j.1525-1497.2006.00361.x
https://doi.org/10.1111/j.1525-1497.2006.00361.x
https://doi.org/10.1016/j.ajic.2019.06.003
https://doi.org/10.5005/jp-journals-10071-23165
https://doi.org/10.5005/jp-journals-10071-23165
https://doi.org/10.1155/2019/2926415
https://doi.org/10.1155/2019/2926415
https://doi.org/10.4314/mmj.v29i4.3
https://doi.org/10.1136/bmjopen-2019-030784
https://doi.org/10.1136/bmjopen-2019-030784
https://doi.org/10.47391/JPMA.416
https://doi.org/10.47391/JPMA.416
https://doi.org/10.1016/j.ajic.2019.05.015
https://doi.org/10.1016/j.jhin.2015.08.023
https://doi.org/10.6018/eglobal.16.4.277861
https://doi.org/10.1016/j.jhin.2006.11.013
https://doi.org/10.1016/j.ajic.2010.09.007
https://doi.org/10.1016/j.ajic.2004.02.004
https://doi.org/10.1002/14651858.CD013582
https://doi.org/10.1016/j.apnr.2019.07.007
https://doi.org/10.1111/jocn.13785
https://doi.org/10.1186/s12912-020-00505-y
https://doi.org/10.11111/jkana.2016.22.3.209
https://doi.org/10.11111/jkana.2016.22.3.209
https://doi.org/10.1097/NNA.0000000000000748
https://doi.org/10.1111/jan.14194
https://doi.org/10.1111/jan.14194
https://doi.org/10.1108/IJHCQA-04-2018-0091
https://doi.org/10.1108/IJHCQA-04-2018-0091
https://doi.org/10.1111/jan.13918
https://doi.org/10.1111/jonm.12765
https://doi.org/10.1111/jonm.12928

	Difference between self-reported adherence to standard precautions and surveillance and factors influencing observed adherence: a quantile regression approach
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study setting and sample
	Data collection
	Survey tool
	Ethical consideration
	Analysis

	Results
	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


