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Abstract: Few studies have focused on the combined effects of devices and work organization on
needlestick injuries trends. The aim of the study was to estimate trends of percutaneous injury rates
(IR) in nurses (N) and nurse assistants (NA) over a 10 year period, in which passive safety devices
were progressively adopted. Percutaneous and mucocutaneous injuries registered in a University
Hospital in Northern Italy in Ns and NAs in 2007–2016 were analyzed. Organizational data were
also available on shift schedules, turnover, downsizing and age- and skill-mix. We estimated IRs per
100 full-time equivalent workers from Poisson models and their average annual percent changes
(APC) from joinpoint regression model. In the entire period, monotonic decreases in percutaneous
IRs occurred among day-shift Ns (APC = −20.9%; 95% CI: −29.8%, −12%) and NAs (APC = −15.4%;
−32.9%, 2.2%). Joinpoint modeling revealed a turning point in 2012 for night-shift Ns, with a steady
decline in 2007–2012 (APC = −19.4%; −27.9%, −10.9%), and an increase thereafter (APC = +13.5%;
1.5%, 25.5%). In comparison to 2008 and 2012, in 2016 night-shift Ns were 5.9 and 2.5 times more
likely to be younger and less qualified or experienced than day-shift Ns. The observed declines
in percutaneous injury rates occurred in a time period when safety devices were progressively
implemented. The causal nature of multiple exposures and organizational procedures in affecting
injury time trends should be further addressed by quasi-experimental studies.

Keywords: needlestick injuries; nurses; protective devices; shift work schedule; personnel adminis-
tration; hospital

1. Introduction

Occupational exposures to blood-borne infections are one of the most frequent acci-
dents occurring in healthcare settings. Percutaneous injuries (PI), occurring mainly while
using or disposing of needles and in smaller proportions of scalpels or other sharp devices,
occur far more frequently than accidental contacts with blood or other body fluids through
bare skin or mucous membranes (mucocutaneous exposures) [1,2]. Needlestick injury
(NSI) rates in nurses are reported to vary between 2.1 and 5.5 per 100 full-time equivalent
(FTE) in different studies [3–8]. The introduction of safety devices has been shown to
lower NSI rates [9–12], although recent meta-analyses support evidence of the effectiveness
in prevention of NSI events of passive intravenous systems only, i.e., safety containers
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which allow avoiding needle recap; but not for devices with more sophisticated active
safe mechanisms [13,14]. Besides, to reduce the risk associated with the NSI, international
guidelines emphasize the need to develop specific training for all health workers [15].

Shift work and sleep deprivation in healthcare workers have been linked to decreased
performance and increased occupational injuries as well as clinical errors [16–21]. In
particular, literature reported higher rates of any kind of occupational injuries [22,23] and
an increased risk of NSIs [24,25] among nurses working on night shifts or being on irregular
shift schedules. Among hospital nurses, different shift-level staffing models have been
found to influence patient- and nurse-related outcomes, including occupational accidents
and NSIs [26–29]. A lower-level experience of the nurse staff seems to be associated with
higher NSI rates [30–32].

The aim of this study was first to analyze the temporal trend of NSIs rate among ward
nurses and nurse assistants who worked for a period of ten years in a Northern Italian
hospital during the progressive introduction into the healthcare setting of safety devices to
replace conventional devices. Moreover, we explored the impact of rotating shift schedule,
turnover, downsizing as well as staffing characteristics in terms of age and skill mix (job
qualification level) on NSI rate trends.

2. Materials and Methods

This is an observational, dynamic cohort study of hospital workforce based on admin-
istrative hospital records. To determine injury types, we accessed the digital registry of
occupational exposures to blood-borne infection injuries of a Northern Italian Hospital in
Varese. The registry contains a standard set of information to define the type and severity
of the injury, the results of blood testing for HBV, HCV and HIV serological markers of
the source patient as well as of the injured personnel, at baseline and during follow-up
if required. We selected injuries that occurred to nurses (N) and nurse assistants (NA)
between 1 January 2007 and 31 December 2016, a period characterized by the progressive
introduction of safety containers and procedures to avoid needle recap. Since 2008, passive
safety devices have been adopted first in the wards with patients at higher risks of trans-
ferring blood-borne infections and subsequently in all hospital departments, following
the Council Directive (2010/32/EU) on preventing sharp injuries in the healthcare envi-
ronment. The devices adopted were: blunt-fill cannulae, vacuum-tube blood collection
devices, safety winged butterfly steel needles, and safety containers. The introduction of
the new devices was preceded in 2007, and subsequently repeated at two-year intervals, by
a half-day training for all nurses and nursing assistants addressing the following topics:
infectious risk for healthcare workers, on transmission of blood-borne pathogens; how to
use the new passive safety devices and about the use of the specific procedure to timely
report injury at occurrence.

To define the study population, we accessed the hospital payroll archives with demo-
graphic and occupational data including age, gender, job category, level of job qualification,
hospital ward, shift schedule, and the number of effective worked hours (i.e., excluding
non-working periods due to sickness absences, injuries, maternity leaves, and holiday
periods). This information was provided for the entire investigated period, so we could
track changes at an individual level. We were able to track new hirings/work cessations
as well as internal transfers within hospital wards, used to calculate turnover and down-
sizing rates. We selected nurses and nurse assistants, and calculated the number of those
exposed used as a denominator for the injury rates, as reported below. Hospital wards
are grouped into three main areas: emergency department (ED-IC); medical and surgical
wards. The shift schedules used for the analysis were: day shift only (permanent morn-
ing/day shift), day/evening (alternating between morning and afternoon/evening shifts),
day/evening/night (rotating between morning, evening, and night shifts). We excluded
nurses and nurse assistants working in surgery rooms and outpatient-dedicated clinical
services, as they work on night shift occasionally and are not based on fixed shifts. The
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study was approved by the Hospital of Varese Ethics Committee (study ID 233/2019, 14
January 2020).

We synthesized age and prevalence of gender groups, working hours, hospital ward,
and job category using standard descriptive statistics in the overall sample as well as
by shift schedule. We tested the null hypotheses of no differences across shift schedule
workers using either the Wilcoxon rank test or Chi-square test for continuous and discrete
variables, respectively. We estimated the injury rates per 100 Full-Time Equivalent workers
(FTEs) and relative 95% Confidence Intervals by shift schedule from Poisson regression
models adjusted for age and job category in the overall sample and stratified by job
category, hospital ward, and injury type. FTEs were computed from the effectively worked
hours as defined above, considering 36 h/week as full time. We estimated the Annual
Percent Change (APC) in injury rates using the joinpoint regression model (software:
Joinpoint Regression Program, National Cancer Institute, Bethesda, Montgomery, MA,
USA, V.4.0.4). The joinpoint approach allows estimating the number and the position
of turning points in time trends, if any, using the Bayesian Information Criterion. To
characterize the organizational factors, we computed the following indicators: turnover
rate, as the total number of personnel changes every 100 FTEs in a given period; up/down
sizing rate, as the difference in the working population at the beginning and the end of
a period, every 100 FTEs. Staffing models indicators were: age mix, as the prevalence
ratio between workers younger vs. older than the median age; skill mix, as the prevalence
ratio between low vs. high level of achieved professional job qualification. Relevant data
come from the hospital administrative databases. These indicators were computed for the
hospital wards included in the study and separately for job category and shift schedule.
We reported each indicator at three time points, i.e., at the beginning of the study period
(2008); at the turning point selected by the joinpoint regression model (2012); and at the end
of the study period (2016). Of note, 2008 represents the first year with available data in the
hospital administrative databases. We tested the null hypothesis of no change over time
in these indicators using either log-linear, linear and log-binomial regression models for
turnover, up/down sizing, and age and skill mix, respectively. Statistical significance was
set at the standard alpha level of 0.05. Statistical analyses other than joinpoint modelling
were performed using SAS software version 9.4.

3. Results

The study population comprised 1615 and 1679 nurses and nurse assistants combined
at the beginning and at the end of the study period, respectively. During the ten years
of observation, 759 injuries were notified, 70.5% were percutaneous injuries, and 83.3%
occurred to nurses. As shown in Table 1 (panel a) in the observed period, considering both
Ns and NAs together, PI rates steeply decreased from 2007 to 2012, and increased in the
subsequent years. This downward trend did not occur for mucocutaneous injury rates over
the investigated period, with fluctuations due to the low number of events. Disaggregating
PI rates for Ns and NAs (Table 1, panel b), only for the latter group, a monotonic decreasing
trend was evident over the entire period, with rates starting from 3.9 per 100 FTE in 2007
and reaching 1.5 per 100 FTE in 2015 and 2016. Among nurses, PI rates were 7.6 per 100
FTE in 2007, reached a minimum value of 2.6 in 2012, and again rose until stabilized above
4.0 per 100 FTE in 2013–2016. As reported in Supplementary Materials Table S1, more than
95% of the PIs are NSIs, both in Ns and NAs.
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Table 1. Number of injuries and injury rates (per 100 FTE) and 95% CI per year, among nurses and nurse assistants in the
observed period, by: (a) injury type; and (b) job category, percutaneous injuries only.

Panel A
Percutaneous Injuries Mucocutaneous Injuries

N events FTE/year Rate 95% CI N events FTE/year Rate 95% CI

2007 76 1166.3 6.5 5.1 8.0 22 1166.3 1.9 1.1 2.7
2008 74 1206.9 6.1 4.7 7.5 25 1206.9 2.1 1.3 2.9
2009 72 1229.1 5.9 4.5 7.2 29 1229.1 2.4 1.5 3.2
2010 60 1240.8 4.8 3.6 6.1 26 1240.8 2.1 1.3 2.9
2011 43 1255.8 3.4 2.4 4.4 19 1255.8 1.5 0.8 2.2
2012 34 1245.3 2.7 1.8 3.6 28 1245.3 2.2 1.4 3.1
2013 46 1190.5 3.9 2.7 5.0 14 1190.5 1.2 0.6 1.8
2014 48 1230.3 3.9 2.8 5.0 27 1230.3 2.2 1.4 3.0
2015 41 1240.1 3.3 2.3 4.3 20 1240.1 1.6 0.9 2.3
2016 41 1234.5 3.3 2.3 4.3 14 1234.5 1.1 0.5 1.7

Panel B
Nurses Nurse Assistants

N events FTE/year Rate 95% CI N events FTE/year Rate 95% CI

2007 63 831.3 7.6 5.7 9.4 13 335.0 3.9 1.8 6.0
2008 65 855.3 7.6 5.8 9.4 9 351.5 2.6 0.9 4.2
2009 56 886.9 6.3 4.7 8.0 16 342.2 4.7 2.4 7.0
2010 48 896.1 5.4 3.8 6.9 12 344.8 3.5 1.5 5.4
2011 31 896.6 3.5 2.2 4.7 12 359.3 3.3 1.5 5.2
2012 23 895.7 2.6 1.5 3.6 11 349.6 3.1 1.3 5.0
2013 44 858.0 5.1 3.6 6.6 2 332.5 0.6 0.0 1.4
2014 42 892.3 4.7 3.3 6.1 6 338.0 1.8 0.4 3.2
2015 36 902.1 4.0 2.7 5.3 5 338.0 1.5 0.2 2.8
2016 36 898.8 4.0 2.7 5.3 5 335.7 1.5 0.2 2.8

FTE: Full-Time Equivalent, computed considering 36 h/week and from the total amount of working hours during the year 2016.

The demographic and occupational characteristics of the study sample at the end
of the observation period (2016), overall and by shift schedule, are shown in Table 2.
The sample consisted of 1213 Ns and 466 NAs, who were mostly female (81.4%) and
working full time (81.7%). Nearly three-quarters of the Ns and half of the NAs worked on
a day/evening/night shift schedule. The median age was 45.3 years, and personnel on a
day/evening/night shift schedule were in median about 8.3 years younger than those on a
day shift only and day/evening shift. Also, Ns and NAs working on a day/evening/night
shift schedule were more likely to be men, less likely to be on a part-time job, and more
frequently working in ED-IC, than the other two shift-schedule-based groups. Of note,
total FTEs based on effective worked hours were 1198.2, 71% of the total sample. This
number represents the effective time of exposure to injuries, supporting the notion that
injury rates based on the number of workers may be severely underestimated.

The overall PI rate, adjusted by age and job category, was 3.9 injuries per 100 FTE
(95% CI: 3.6, 4.3), with no significant differences across shift schedules (p-value = 0.11;
Table 3). Injury rate was higher in Ns (4.4; 3.9, 5.0) than in NAs (2.8; 2.3, 3.5), but there were
no differences by shift schedule in either job categories. While no differences in injury rates
by shift schedule were observed in ED-IC and medical wards, in surgical wards we found
a lower injury rate among day-shift-only personnel (1.2; 0.6, 2.8) compared to the other two
shift groups.
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Table 2. Characteristics of the study population at the end of the observation period (2016), by shift schedule.

All Sample
Shift Schedule

p-Value
Day Shift Only Day/Evening Shift Day/Evening/Night Shift

No. of individuals 1679 196 383 1100 -

FTE/years 1198.2 130.3 255.4 812.4 -

Age ˆ 45.3 (35.7; 52.8) 49.9 (46.2; 55.2) 51.0 (43.9; 56.2) 41.3 (32.4; 49.7) <0.0001

Women, n (%) 1366 (81.4) 182 (92.9) 345 (90.1) 839 (76.3) <0.0001

Working hours, n (%)
Full time 1372 (81.7) 128 (65.3) 278 (72.6) 966 (87.8)

<0.0001Part time 307 (18.3) 68 (34.7) 105 (27.4) 134 (12.2)

Hospital wards, n (%)
ED-IC 427 (25.4) 27 (13.8) 66 (17.2) 334 (30.4)

<0.0001Medical ward 772 (46.0) 114 (58.2) 188 (49.1) 470 (42.7)
Surgical ward 480 (28.6) 55 (28.1) 129 (33.7) 296 (26.9)

Job category, n (%)
Nurses 1213 (72.3) 151 (77.0) 190 (49.6) 872 (79.3)

<0.0001Nurse assistants 466 (27.7) 45 (23.0) 193 (50.4) 228 (20.7)

FTE: Full-Time Equivalent, computed considering 36 h/week and from the total amount of working hours during the year 2016. ˆ: Median
(25–75◦ Percentiles). Abbreviations: ED-IC = Emergency Department and Intensive Care.

Table 3. Number of percutaneous injuries and injuries rates (per 100 FTEs) with 95% confidence intervals, according to shift
schedule, in the overall sample and stratified by job category and hospital ward in the entire observed period (2007–2016).

No. of
Injuries FTE

Injury Rates
(95% CI) ˆ

Injury Rates by Shift Schedule (95% CI) ˆ
p-Value §Day Shift

Only
Day/Evening

Shift
Day/Evening/Night

Shift

All sample 535 12239.8 3.9 (3.6; 4.3) 3.2 (2.4; 4.3) 4.6 (3.8; 5.5) 3.9 (3.4; 4.4) 0.11
Job category, n (%)

Nurses 444 8813.2 4.4 (3.9; 5.0) 3.9 (2.9; 5.3) 4.9 (3.8; 6.2) 4.4 (3.9; 5.1) 0.55
Nurse assistants 91 3426.6 2.8 (2.3; 3.5) 1.5 (0.6; 3.6) 3.5 (2.6; 4.7) 2.5 (1.8; 3.5) 0.07

Hospital wards, n (%)
ED-IC 143 3327.4 3.7 (3.1; 4.5) 2.2 (0.9; 5.4) 4.4 (2.9; 6.8) 3.8 (3.0; 4.7) 0.35
Medical ward 244 5201.7 4.5 (3.9; 5.1) 4.7 (3.4; 6.4) 5.3 (4.2; 6.8) 3.8 (3.2; 4.6) 0.09
Surgical ward 148 3710.7 3.5 (2.9; 4.2) 1.2 (0.6; 2.8) 3.4 (2.3; 5.2) 3.9 (3.1; 5.0) 0.005

FTE: Full-Time Equivalent, computed considering 36 h/week and from the total amount of working hours during the year 2016. ˆ: Rates
are adjusted by age and job category, estimated with Poisson regression models. §: Likelihood ratio Chi-square test for heterogeneity of
injury rates across shift schedule categories (2 df), from Poisson regression models. Abbreviations: ED-IC = Emergency Department and
Intensive Care.

The joinpoint regression analysis estimated one turning point in 2012 for the time
trend in PI rates, with an APC 2007–2012 of −15.8% (95% CI: −23.6%, −8.0%) and a
tendency to increase thereafter [APC in 2012–2016 = 2.4% (95% CI −8.4%, 13.1%)] (Table 4).
Stratifying by job categories, the turning point was located in 2012 for nurses only, with an
APC 2007–2012 of −18.5% (95% CI: −27.6%; −9.5%), and a subsequent increase tendency
[APC 2007–2012 = 7.7% (−5.0%; 20.4%)]. A continuous decreasing trend of PI rates in NAs
is confirmed over the entire period [−15.4% (−32.9%; 2.2%)]. Finally, when looking at
trend of PIs in nurses only, and stratifying by shift schedule, a consistent and continuous
decline over time was found for day shift only [APC: −20.9% (−29.8%, −12.0%)] and
in part for day/evening shift (−12.8%; −30.9%, 5.4%) nurses. Conversely, in nurses on
day/evening/night shift, the APC significantly reduced in 2007–2012 (−19.4%; −27.9%,
−10.9%) followed by a significantly increased APC thereafter (APC: +13.5%; 1.5%, 25.5%).
These trends are illustrated in Figure 1, while the underlying observed and estimated rates
are reported in Supplementary Materials Table S2.
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Table 4. Joinpoint analysis of trends in percutaneous injury rates in 2007–2016. Annual
Percent Change (APC) and 95% CI are reported for the entire period or for two periods
in case of joinpoint(s) ˆ.

Periods
2007–2016

2007–2012 2012–2016

Overall −15.8 (−23.6; −8.0) 2.4 (−8.4; 13.1)

by job title

Nurses −18.5 (−27.6; −9.5) 7.7 (−5.0; 20.4)
Nurse assistants −15.4 (−32.9; 2.2)

in nurses, by shift schedule

Day shift only −20.9 (−29.8; −12.0)
Day/evening shift −12.8 (−30.9; 5.4)
Day/evening/night shift −19.4 (−27.9; −10.9) 13.5 (1.5; 25.5)

ˆ: APCs and 95% confidence intervals estimated by the joinpoint regression model. The number and the position
of joinpoints selected by the model using the Bayesian Information Criteria method.

Figure 1. Predicted time trends (with 95% confidence bounds) for percutaneous injury rates in nurses, by shift schedule. In
the plot: predicted time trend (line) with 95% confidence bounds (grey area).

Table 5 reports the analysis of differences across shift schedules in indicators of
organizational work characteristics calculated in the years 2008, 2012 (joinpoint detected by
the model), and 2016. For turnover and up-down sizing, the table shows the absolute rate
for 100 FTEs (see methods), while for the age mix and the skill mix, we report the prevalence
ratio between the percentages of younger staff and less-experienced staff, respectively,
having the day shift only as the reference category. Turnover rate shows a significant decline
between 2008 and 2016 in day shift only Ns, a group that shows higher downsizing rates
over the entire study period. The combination of both evidences support the interpretation
that a reduction in number and a stabilization of such nurses occurred. In comparison to
day shift only, a larger proportion of younger nurses was observed in the other two groups
in the three time points. However, in Ns assigned to day/evening/night shift schedule,
the prevalence ratio rose from 3.2 in 2008 to 5.9 in 2016 (p-value for trend: 0.04), meaning
that younger Ns in this group are 6-fold more likely than in the day shift only. In the
same year 2016, a higher percentage of less-experienced nurses (i.e., nurses with a lower
level of professional qualification) was assigned to the day/evening/night shift schedule
compared to the day-shift-only schedule (prevalence ratio = 2.5), a value much higher than
in the two earlier years (p-value for trend < 0.0001).
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Table 5. Turnover and up-down sizing rates (per 100 FTEs), and prevalence ratios ˆ for age and skill mixes, among study
nurses, by day shift scheme. Years 2008, 2012 and 2016, and p-values to assess time trends.

Period, Year p-Value Trend Test

2008 2012 2016 2012 vs. 2008 2016 vs. 2008

Turnover in hospital wards ◦

Day shift only 50.6 40.8 24.4 0.2 0.0003
Day/evening shift 40.8 35.4 31.4 0.4 0.2
Day/evening/night shift 38.6 40.2 44.2 0.6 0.1

Up-down sizing in hospital wards ◦

Day shift only −5.2 −14.4 −4.9 0.4 1.0
Day/evening shift 0.5 1.7 3.8 0.9 0.8
Day/evening/night shift 0.2 3.1 −0.7 0.6 0.9

Age mix *
Day shift only ref ref ref - -
Day/evening shift 2.5 (1.8; 3.6) 2.2 (1.5; 3.3) 3.2 (1.9; 5.3) 0.7 0.5
Day/evening/night shift 3.2 (2.7; 4.4) 3.4 (2.4; 4.7) 5.9 (3.6; 9.5) 0.8 0.04

Skill mix **
Day shift only ref ref ref - -
Day/evening shift 1.4 (1.2; 1.6) 1.4 (1.2; 1.5) 1.9 (1.5; 2.4) 0.6 0.06
Day/evening/night shift 1.5 (1.3; 1.7) 1.4 (1.3; 1.6) 2.5 (2.0; 3.2) 0.6 <0.0001

◦: Turnover and up-down sizing expressed as rate per 100 FTEs. * Age mix: younger vs. older age prevalence ratio, where younger age is defined as
age below the median age, specific for each year. ** Skill mix: low vs. high experience level prevalence ratio, where low experience is measured from
professional qualification level. ˆ: Prevalence ratios and 95% confidence intervals (in brackets), with day shift as reference category, estimated from
log-binomial models.

4. Discussion

During the observation period, the overall PI rates declined steadily by 15.8% annually
in the first six years (2007–2012), a decline that cannot be explained by chance only, nor by
systematic and progressive underreporting. In that time period, passive safety procedures,
based on the adoption of safety containers and procedures to avoid needle recap, were
introduced and progressively adopted in the investigated hospital. This interpretation is
supported by the evidence that mucocutaneous injury rates did not change. In more recent
years (2013–2016), substantially no changes occurred in PI rates. Among safety devices that
have been shown to lower NSI rates [9–12], safety containers that allow to avoid needle
recap have shown better effectiveness in decreasing NSIs rates than devices with more
sophisticated active safe mechanisms [13,14]. Our results support these previous findings.

A second major result of the present study is that when we stratified by Ns and
NAs, the downward trend in PI rates was observed up to 2012 in Ns and over the entire
observational period among NAs. The evidence of a turning point in PI rate trend in
2012 in Ns only required further investigations, focusing first on different shift schedules.
We found that in day Ns the reduction in PI rates was monotonically present in the
entire period. Conversely, in Ns engaged in the day/evening/night shift, we observed
a significant reduction in rates of 19.4%/year between 2007 and 2012, followed by a
statistically significant increase thereafter of 13.5%/year. Further investigating possible
explanations, we evaluated time differences across shift schedule groups in organizational
conditions during the same period, i.e., turnover and downsizing rate as well as staffing
models indicators, i.e., age mix and skill mix. From these analyses, it appears that in the
later years (2012–2016) a combination of organizational constraints occurred for nurses
assigned to a day/evening/night shift schedule as compared to day shift only: they were
more likely to be young and with less skill qualification. These characteristics, combined
with the known effects of sleep deprivation on skill performance, suggest the need of
organizational interventions to avoid taking blood samples by nurses at the end of the
night shift. Our findings confirm previous studies carried out on American military nurses
that have pointed out how a lower percentage of experienced staff might be associated
with a higher NSI occurrence and that the right mix of skilled versus less-skilled nurses
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might be important in terms of staff-related outcomes [32,33]. In relation to shift schedule
and NSIs in nurses, a few previous studies have found a correlation between rotating shifts
and higher NSI rates [24,25], while others have found no associations between shift work
and NSIs [23,34,35]. Our results show that it might not be shift work per se, but rather
shift-level organizational factors and staffing models that influence NSIs trends and that
they may even interfere with the effectiveness of passive safety devices in hospital ward
nurses.

A few potential limitations need to be taken into account. First, the study design does
not allow the interpretation of the association between change in organizational factors
and change in injury rates in a causal way. To this extent, future studies with appropriate
quasi-experimental designs are needed. Second, injury time was not consistently collected
during the study period, to allow for analyzing injury rates by time of the day. Third,
occupational exposures to blood-borne pathogens and injury trends can be affected by
underreporting. In our study, injuries were drawn from a hospital dedicated register,
based on a revised procedure established from 2004 on. As reported in Methods, in the
investigated period, training courses were provided to nurse coordinators and nurse staff
to assure knowledge of the correct use of the adopted safety devices and to continue to
timely report injury occurrences. This contributes to reduce changes in underreporting of
needlestick injuries over time. Moreover, the hospital policy allows the medical follow-up
of injured personnel only in the case of registered injury. The medical follow-up consisted
in a clinical examination by an infectious diseases specialist, who can request more in-depth
investigations and provide antiretroviral post-exposure prophylaxis, if needed; as well as
in monitoring of blood determinations to early detect blood-borne infections and injury
insurance coverage. In addition, the consistency of our findings for different kinds of
injuries and different job titles is an index of external consistency. We assume that there
might be a run-in period with some underreporting when the new registration system was
started in the study hospital in 2004–2006, and for this reason, those years were excluded
from the current analysis. Finally, the availability of longitudinal data at an individual level
on shift schedule, hospital ward and effective time spent at work could have allowed a more
precise estimate of the denominator-at-risk of injury, avoiding potential underestimate of
injury rates.

Several previous studies have analyzed shift schedules, organizational factors, staffing
models and the adoption of safety devices in relation to NSIs in nurses. We further elaborate
on these concepts and highlight their potentially intertwined and contrasting effects on
NSIs trends in nurses by showing that the adoption of safety devices might not be equally
successful across shift schedules when differences in shift-level staffing models are not
taken into account. Our findings indicate the need for an integrated approach to NSIs
prevention initiatives among hospital nurses.

Finally, based on our study, we may recommend careful consideration of multiple
exposures and organizational procedures when assessing time trends of needlestick injury
rates in the real field. Even if it is not easy, their control in designing and conducting
both interrupted time series and comparative time series studies may probably help in
interpretations of findings and increase the quality of evidence [13] of future investigations.

5. Conclusions

In a ten-year study period characterized by the progressive adoption of safety de-
vices, we observed a steady decline in percutaneous injury rates among nurses and nurse
assistants. In more recent years, among night-shift Ns only, we observed an opposite
upward trend of IRs. This unexpected finding can be attributed to the combination of
staffing factors (higher proportions of younger and less-experienced personnel involved
in night-shift work in these years) with organizational constraints and practices such as
taking blood-drawing at the end of the night shift. Moreover, our findings highlight the
need to take carefully into consideration changes over time of organizational procedures
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and constraints when assessing time trends of needlestick injury rates in the real field, to
avoid misinterpretations in the estimates of the effects of safety devices.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ijerph18084371/s1, Table S1: Number of percutaneous injuries, by injury agent and year,
in the overall sample of Health Care Workers (left) and further divided by job title (nurses and
nurse assistants). Table S2: Number of injuries, full-time equivalent (FTE), observed injury rates per
100 FTE (with 95% CI) and predicted injury rates for percutaneous injuries, per year, in nurses, by
shift schedule.

Author Contributions: Conceptualization, M.M.F., R.B. and F.G.; methodology, M.M.F., G.V. and
F.G.; formal analysis, G.V.; investigation, O.D., M.C. and D.D.G.; data curation, O.D., M.C. and G.M.;
writing—original draft preparation, M.M.F. and O.D.; writing—review and editing, G.V., R.B., M.C.,
D.D.G., G.M. and F.G.; visualization, G.V. and O.D.; supervision, M.M.F.; project administration, R.B.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics Committee of Hospital of Varese (study ID
233/2019, 14 January 2020).

Informed Consent Statement: Patient consent was waived because not required in this study based
on safety and administrative hospital records.

Data Availability Statement: Individual-level data used in this study are not publicly available, as
they are owned by the ASST-Sette Laghi Varese hospital administration. Aggregated data may be
available upon request to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Fritzsche, C.; Heine, M.; Loebermann, M.; Klammt, S.; Podbielski, A.; Mittlmeier, T.; Reisinger, E.C. Reducing the underreporting

of percutaneous exposure incidents: A single-center experience. Am. J. Infect. Control 2016, 44, 941–943. [CrossRef] [PubMed]
2. Grimmond, T.; Good, L. Exposure Survey of Trends in Occupational Practice (EXPO-STOP) 2015: A national survey of sharps

injuries and mucocutaneous blood exposures among health care workers in US hospitals. Am. J. Infect. Control 2017, 45, 1218–1223.
[CrossRef]

3. Ippolito, G.; Puro, V.; Petrosillo, N.; De, G.C. Surveillance of occupational exposure to bloodborne pathogens in health care
workers: The Italian national programme. Euro surveillance: Bulletin Europeen sur les maladies transmissibles. Eur. Commun.
Dis. Bull. 1999, 4, 33–36.

4. Bi, P.; Tully, P.J.; Pearce, S.; Hiller, J.E. Occupational blood and body fluid exposure in an Australian teaching hospital. Epidemiol.
Infect. 2006, 134, 465–471. [CrossRef] [PubMed]

5. Venier, A.G.; Vincent, A.; L’heriteau, F.; Floret, N.; PharmD, H.S.; Abiteboul, D.; Reyreaud, E.; Coignard, B.; Parneix, P. Surveillance
of occupational blood and body fluid exposures among French healthcare workers in 2004. Infect. Control Hosp. Epidemiol. 2007,
28, 1196–1201. [CrossRef] [PubMed]

6. Dement, J.M.; Epling, C.; Østbye, T.; Pompeii, L.A.; Hunt, D.L. Blood and body fluid exposure risks among health care workers:
Results from the Duke Health and Safety Surveillance System. Am. J. Ind. Med. 2004, 46, 637–648. [CrossRef]

7. Falagas, M.E.; Karydis, I.; Kostogiannou, I. Percutaneous exposure incidents of the health care personnel in a newly founded
tertiary hospital: A prospective study. PLoS ONE 2007, 2, e194. [CrossRef]

8. Glenngård, A.H.; Persson, U. Costs associated with sharps injuries in the Swedish health care setting and potential cost savings
from needlestick prevention devices with needle and syringe. Scand. J. Infect. Dis. 2009, 41, 296–302. [CrossRef] [PubMed]

9. Laramie, A.K.; Pun, V.C.; Fang, S.C.; Kriebel, D.; Davis, L. Sharps injuries among employees of acute care hospitals in Mas-
sachusetts, 2002–2007. Infect. Control Hosp. Epidemiol. 2011, 32, 538–544. [CrossRef] [PubMed]

10. Hoffmann, C.; Buchholz, L.; Schnitzler, P. Reduction of needlestick injuries in healthcare personnel at a university hospital using
safety devices. J. Occup. Med. Toxicol. 2013, 8, 20. [CrossRef]

11. Chambers, A.; Mustard, C.A.; Etches, J. Trends in needlestick injury incidence following regulatory change in Ontario, Canada
(2004–2012): An observational study. BMC Health Serv. Res. 2015, 15, 127. [CrossRef]

12. Phillips, E.K.; Conaway, M.; Parker, G.; Perry, J.; Jagger, J. Issues in understanding the impact of the needlestick safety and
prevention act on hospital sharps injuries. Infect. Control Hosp. Epidemiol. 2013, 34, 935–939. [CrossRef] [PubMed]

13. Reddy, V.K.; Lavoie, M.C.; Verbeek, J.H.; Pahwa, M. Devices for preventing percutaneous exposure injuries caused by needles in
healthcare personnel. Cochrane Database Syst. Rev. 2017, 11. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/ijerph18084371/s1
https://www.mdpi.com/article/10.3390/ijerph18084371/s1
http://doi.org/10.1016/j.ajic.2016.02.003
http://www.ncbi.nlm.nih.gov/pubmed/27125915
http://doi.org/10.1016/j.ajic.2017.05.023
http://doi.org/10.1017/S0950268805005212
http://www.ncbi.nlm.nih.gov/pubmed/16194290
http://doi.org/10.1086/520742
http://www.ncbi.nlm.nih.gov/pubmed/17828699
http://doi.org/10.1002/ajim.20106
http://doi.org/10.1371/journal.pone.0000194
http://doi.org/10.1080/00365540902780232
http://www.ncbi.nlm.nih.gov/pubmed/19229763
http://doi.org/10.1086/660012
http://www.ncbi.nlm.nih.gov/pubmed/21558765
http://doi.org/10.1186/1745-6673-8-20
http://doi.org/10.1186/s12913-015-0798-z
http://doi.org/10.1086/671733
http://www.ncbi.nlm.nih.gov/pubmed/23917907
http://doi.org/10.1002/14651858.CD009740.pub3
http://www.ncbi.nlm.nih.gov/pubmed/29190036


Int. J. Environ. Res. Public Health 2021, 18, 4371 10 of 10

14. Schuurmans, J.; Lutgens, S.P.; Groen, L.; Schneeberger, P.M. Do safety engineered devices reduce needlestick injuries? J. Hosp.
Infect. 2018, 100, 99–104. [CrossRef]

15. National Institute for Occupational Safety and Health (NIOSH). Preventing Needlestick Injuries in Health Care Settings. DHHS
(NIOSH) Publication No. 2000–108. November 1999. Available online: https://www.cdc.gov/niosh/docs/2000-108/default.html
(accessed on 19 April 2021).

16. Parks, D.K.; Yetman, R.J.; McNeese, M.C.; Burau, K.; Smolensky, M.H. Day-night pattern in accidental exposures to blood-borne
pathogens among medical students and residents. Chronobiol. Int. 2000, 17, 61–70. [CrossRef] [PubMed]

17. Suzuki, K.; Ohida, T.; Kaneita, Y.; Yokoyama, E.; Miyake, T.; Harano, S.; Yagi, Y.; Ibuka, E.; Kaneko, A.; Tsutsui, T.; et al. Mental
health status, shift work, and occupational accidents among hospital nurses in Japan. J. Occup. Health 2004, 46, 448–454. [CrossRef]

18. Suzuki, K.; Ohida, T.; Kaneita, Y.; Yokoyama, E.; Uchiyama, M. Daytime sleepiness, sleep habits and occupational accidents
among hospital nurses. J. Adv. Nurs. 2005, 52, 445–453. [CrossRef]

19. Dorrian, J.; Tolley, C.; Lamond, N.; van den Heuvel, C.; Pincombe, J.; Rogers, A.E.; Drew, D. Sleep and errors in a group of
Australian hospital nurses at work and during the commute. Appl. Ergon. 2008, 39, 605–613. [CrossRef]

20. Scott, L.D.; Arslanian-Engoren, C.; Engoren, M.C. Association of sleep and fatigue with decision regret among critical care nurses.
Am. J. Crit. Care 2014, 23, 13–23. [CrossRef]

21. De Cordova, P.B.; Bradford, M.A.; Stone, P.W. Increased errors and decreased performance at night: A systematic review of the
evidence concerning shift work and quality. Work 2016, 53, 825–834. [CrossRef] [PubMed]

22. Horwitz, I.B.; McCall, B.P. The impact of shift work on the risk and severity of injuries for hospital employees: An analysis using
Oregon workers’ compensation data. Occup. Med 2004, 54, 556–563. [CrossRef]

23. Stimpfel, A.W.; Brewer, C.S.; Kovner, C.T. Scheduling and shift work characteristics associated with risk for occupational injury in
newly licensed registered nurses: An observational study. Int. J. Nurs. Stud. 2015, 52, 1686–1693. [CrossRef]

24. Smith, D.R.; Mihashi, M.; Adachi, Y.; Nakashima, Y.; Ishitake, T. Epidemiology of needlestick and sharps injuries among nurses in
a Japanese teaching hospital. J. Hosp. Infect. 2006, 64, 44–49. [CrossRef]

25. D’Ettorre, G. Needlestick and Sharp Injuries Among Registered Nurses: A Case–Control Study. Ann. Work Expo. Health 2017, 61,
596–599. [CrossRef]

26. Butler, M.; Collins, R.; Drennan, J.; Halligan, P.; O’Mathúna, D.P.; Schultz, T.J.; Sheridan, A.; Vilis, E. Hospital nurse staffing
models and patient and staff-related outcomes. Cochrane Database Syst. Rev. 2011. [CrossRef] [PubMed]

27. Griffiths, P.; Ball, J.; Drennan, J.; Dall’Ora, C.; Jones, J.; Maruotti, A.; Pope, C.; Saucedo, R.A.; Simon, M. Nurse staffing and patient
outcomes: Strengths and limitations of the evidence to inform policy and practice. A review and discussion paper based on
evidence reviewed for the National Institute for Health and Care Excellence Safe Staffing guideline development. Int. J. Nurs.
Stud. 2016, 63, 213–225. [PubMed]

28. Shin, S.; Park, J.H.; Bae, S.H. Nurse staffing and nurse outcomes: A systematic review and meta-analysis. Nurs. outlook. 2018, 66,
273–282. [CrossRef] [PubMed]

29. Patrician, P.A.; Loan, L.A.; McCarthy, M.S.; Swiger, P.; Breckenridge-Sproat, S.; Brosch, L.R.; Jennings, B.M. Twenty years
of staffing, practice environment, and outcomes research in military nursing. Nurs. Outlook 2017, 65, S120–S129. [CrossRef]
[PubMed]

30. Clarke, S.P.; Schubert, M.; Körner, T. Sharp-device injuries to hospital staff nurses in 4 countries. Infect. Control Hosp. Epidemiol.
2007, 28, 473–478. [CrossRef] [PubMed]

31. Clarke, S.P.; Rockett, J.L.; Sloane, D.M.; Aiken, L.H. Organizational climate, staffing, and safety equipment as predictors of
needlestick injuries and near-misses in hospital nurses. Am. J. Infect. Control 2002, 30, 207–216. [CrossRef]

32. Patrician, P.A.; Pryor, E.; Fridman, M.; Loan, L. Needlestick injuries among nursing staff: Association with shift-level staffing. Am.
J. Infect. Control 2011, 39, 477–482. [CrossRef] [PubMed]

33. West, G.; Patrician, P.A.; Loan, L. Staffing matters—Every shift. Am. J. Nurs. 2012, 112, 22–27. [CrossRef]
34. Dembe, A.E.; Delbos, R.; Erickson, J.B. Estimates of injury risks for healthcare personnel working night shifts and long hours.

BMJ Qual. Saf. 2009, 18, 336–340. [CrossRef] [PubMed]
35. Zhao, I.; Bogossian, F.; Turner, C. Shift work and work related injuries among health care workers: A systematic review. Aust. J.

Adv. Nurs. 2010, 27, 62.

http://doi.org/10.1016/j.jhin.2018.04.026
https://www.cdc.gov/niosh/docs/2000-108/default.html
http://doi.org/10.1081/CBI-100101032
http://www.ncbi.nlm.nih.gov/pubmed/10672434
http://doi.org/10.1539/joh.46.448
http://doi.org/10.1111/j.1365-2648.2005.03610.x
http://doi.org/10.1016/j.apergo.2008.01.012
http://doi.org/10.4037/ajcc2014191
http://doi.org/10.3233/WOR-162250
http://www.ncbi.nlm.nih.gov/pubmed/26890590
http://doi.org/10.1093/occmed/kqh093
http://doi.org/10.1016/j.ijnurstu.2015.06.011
http://doi.org/10.1016/j.jhin.2006.03.021
http://doi.org/10.1093/annweh/wxx027
http://doi.org/10.1002/14651858.CD007019.pub2
http://www.ncbi.nlm.nih.gov/pubmed/21735407
http://www.ncbi.nlm.nih.gov/pubmed/27130150
http://doi.org/10.1016/j.outlook.2017.12.002
http://www.ncbi.nlm.nih.gov/pubmed/29685321
http://doi.org/10.1016/j.outlook.2017.06.015
http://www.ncbi.nlm.nih.gov/pubmed/28811039
http://doi.org/10.1086/513445
http://www.ncbi.nlm.nih.gov/pubmed/17385155
http://doi.org/10.1067/mic.2002.123392
http://doi.org/10.1016/j.ajic.2010.10.017
http://www.ncbi.nlm.nih.gov/pubmed/21612843
http://doi.org/10.1097/01.NAJ.0000423501.15523.51
http://doi.org/10.1136/qshc.2008.029512
http://www.ncbi.nlm.nih.gov/pubmed/19812094

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

