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Abstract
Objectives: To analyze the number, epidemiology and circumstances of needlestick and sharps injuries (NSSI) and exposures to body fluids and to 
identify further preventive measures to improve the occupational safety of health care workers (HCW). Material and Methods: Setting: German 
university tertiary-care referral center. Retrospective study based on injury documentation sheets of the hospital’s staff and faculty health service 
and, if given, on reports by continuity doctors and by the accident and emergency department in January 2014–June 2016. Results: Altogether, 
567 injuries were registered with a significant decrease of cases over the study period. The majority of accidents occurred in the operating the-
ater (35%). Stress, time pressure, overstrain, carelessness and distraction were found to be the main reasons for injuries. At least 30% of the cases 
were preventable, mainly by wearing personal protective equipment (PPE), by proper disposal of an item and by early replacement of overfilled 
sharps containers (SC). In 20% of the cases involving an item, the injury was caused by a safety-engineered device (SED). Almost one-third of these 
injuries were attributable to an improper use of the SED. Conclusions: Despite many efforts made to reduce their number, NSSI still occur. Health 
care workers  and students should be offered regular trainings to be sensitized to this topic and to learn the appropriate use of SED. Moreover, or-
ganizational measures must be taken, such as the provision of suitable PPE and safe SC. Strategies need to be established to improve the working 
conditions and reduce the stress level of HCW. Int J Occup Med Environ Health. 2022;35(4):497 – 507
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This study was conducted at the University Medical Center 
Hamburg-Eppendorf (UKE), the largest hospital in Ham-
burg with approx. 14 142 employees (including trainees 
and temporary workers) and 3388 students [11]. The au-
thors aimed to examine the number and epidemiology of 
NSSI taking place at the UKE to get an understanding of 
how and why such injuries occur despite the implemen-
tation of the above-mentioned political measures and to 
identify further preventive potential in terms of improv-
ing the occupational safety of HCW.

MATERIAL AND METHODS
All reported NSSI as well as blood and body fluid expo-
sures (BBFE) are documented at the  hospital’s staff and 
faculty health service. The study was conducted retrospec-
tively by collecting data from the  injury documentation 
sheets which consist of 2 parts. The first section comprises 
personal data (age, occupation, department, immunity to 
HBV), details of the IP (where available) and information 
about the injury (date, time, type of device, place, cause) 
which each need to be filled in and ticked respectively; 
the  second part is a  free-text field. If given, reports by 
continuity doctors and by the accident and emergency de-
partment were also used for data collection. All injuries 
that occurred in January 2014–June 2016 were included; 
those that had not occurred at the UKE but were still doc-
umented were excluded from the study.
The authors consulted with the  Ethics Committee of 
the  Hamburg Medical Association, which considered 
ethical approval to be unnecessary but requested for 
reasons of data protection the  anonymization of names 
and dates of birth. Nominal variables were created and 
encoded based on a literature research using PubMed and 
the analysis of the documentation sheets with emphasis 
on the written comments.
An injury was graded as preventable if the  question of 
how it could have been prevented could clearly be an-
swered naming a  plausible solution. Injuries attribut-

INTRODUCTION
Needlestick and sharps injuries (NSSI) are defined as skin 
injuries caused by objects that are contaminated with po-
tentially contagious material [1]. In addition, the skin and 
mucous membranes can be exposed to possibly infectious 
body fluids (BF) by splashes. Needlestick and sharps in-
juries are counted among the most frequent work-related 
accidents of health care workers (HCW)  [2]. According 
to a review by Elseviers et al. [3], the incidence of NSSI 
ranges 1.4–9.5/100 HCW/year. In  Germany there were 
roughly 500 000 NSSI/year occurring before the  intro-
duction of safety-engineered devices (SED) [4]. In 2015 
around 51 000 NSSI were reported to the German Profes-
sional Association for Health Service and Welfare [2].
Needlestick and sharps injuries hold the risk of occupa-
tional infection which has been described for >60 differ-
ent pathogens [5]. Transmission of the hepatitis B virus 
(HBV), the hepatitis C virus (HCV) and the human im-
munodeficiency virus (HIV) play a  leading role with 
0.42  HBV, 0.05–1.3 HCV, and 0.04–0.32 HIV infections 
per 100 NSSI [3].
The psychological consequences accompanying NSSI 
constitute another relevant aspect. As reported by Sohn 
et al. [6], having experienced a NSSI leads to higher levels 
of stress, anxiety and depression, in particular when 
the index patient (IP) is known to have a chronic infec-
tion [7].
The costs caused by a single NSSI lie between EUR 110 [8] 
and EUR 272 [9]. They result from blood tests, vaccina-
tion against HBV, post-exposure prophylaxis and psychi-
atric support (when the IP is HIV-positive) [9], excluding 
potential expenses for treatment of transmitted infec-
tions and for loss of working hours.
Aiming to create a  safe work environment and reduce 
the  number of NSSI, Council Directive 2010/32/EU was 
passed by the  European Union in May 2010  [10] and 
transferred into German law by a revision of the TRBA 250 
(Technical Rules for Biological Agents) in March 2014 [1]. 
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The building of homogenous and comparable, albeit small, 
subgroups outweighed the  approach to build big enough 
subgroups to perform statistical analysis.

RESULTS
During the  study period, 586 cases were registered, 
of which 19 were excluded for not having occurred at 
the UKE. Most of the injuries were percutaneous (85%), 
followed by eye and/or mouth contaminations (12%) and 
exposures of non-intact or intact skin to BF (2%). Look-
ing at the age distribution of the persons injured, the age 
was <35 years in 68% of cases, 35–49 years in 25% and 
≥50 years in 7%. In the course of the study period, there 
was a  significant drop in the  total number of injuries 
(r = –0.66, p < 0.001). The distribution of the cases, with 
regard to the age groups and the time of injury, is present-
ed in Figure 1. Table 1 shows the distribution of injuries 
by profession, device, place and activity.

Cause of injury, preventability  
and use of personal protective equipment
The cause of injury could be derived from the documen-
tation sheets in 49% of cases. Stress, time pressure, over-

able to an unexpected movement, harmful behavior of 
the  patient, an unfortunate incident, unsafe or defect 
equipment and those that happened despite all safety 
precautions that had been taken, were graded as prob-
ably unavoidable. The use of an SED was considered to be 
improper if the injury occurred despite the safety mecha-
nism (SM) being constantly active, if it happened during 
the activation of the SM or if the SM was incompletely or 
not activated at all. If an injury occurred during the acti-
vation of the SM, the activation status was categorized as 
incompletely activated.
The data was entered into a Microsoft Excel file. Statistical 
analyses were conducted using Microsoft Excel 2010 and 
IBM SPSS Statistics v. 22. Standard descriptive methods 
were used to determine frequency distributions. Further-
more, a correlation analysis was performed in order to inves-
tigate the relationship between the number of injuries and 
the  course of the  study period. Pearson correlation coeffi-
cient (r) was used to assess this relationship. A negative coef-
ficient indicates a decrease in NSSI while a positive coefficient 
indicates an increase in NSSI. Differences between different 
groups could not be analyzed using additional statistical tests 
due to the very small frequencies in some of the subgroups. 
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The lines are based on the number of needlestick and sharps injuries as well as blood and body fluid exposures recorded per month in total and with regard to the separate age 
groups. The percentage reflects the share of the cases that occurred within the periods of six months with regard to the total number of injuries (N = 566 since no date of injury 
was stated in one case).

Figure 1. Frequency distribution of the needlestick and sharps injuries in the course of the study period, January 2014–June 2016, University Medical Center 
Hamburg-Eppendorf, Germany
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strain, carelessness and distraction were the  main rea-
sons for injuries (33%), followed by bad luck (24%) and 
the item being improperly or not (immediately) disposed 
of (13%). The distribution of the causes of injury with re-
spect to the occupational groups is shown in Figure 2.
A statement regarding the  preventability of the  injury 
could be made in 46% of cases, of which a  good third 
would probably not have been avoidable (34%) compared 
to almost two-thirds that were likely preventable (66%). 
There were more avoidable cases without direct patient 
contact (44%) than with (21%). Cleaning, tidying up and 
disposing were the major activities (56%) involved in pre-
ventable cases. Members of the housekeeping staff were 
mainly affected by avoidable injuries (91%), followed by 
the  nursing staff (52%). Most of the  preventable cases 
occurred in the  intensive care unit (ICU) (44%), on the 
ward (44%) and in the areas where angiography, endos-
copy and radiology are performed (42%). Looking at how 
these injuries could have been avoided, wearing personal 
protective equipment (PPE) comes in first place  (33%), 
disposing of an item properly and having a (conveniently 
placed) sharps container (SC) at one’s disposal tie for 
second (23%), and replacing an overfilled SC third (13%). 
Bearing in mind the aim of developing preventive strate-

Table 1. Distribution of injury events with regard to profession, device, 
place and activity, January 2014–June 2016, University Medical Center 
Hamburg-Eppendorf, Germany

Variable
Injury event

(N = 567)

n %

Profession

doctor 215 38

nurse 113 20

medical assistant in the operating theater 
or functional diagnostic area

104 18

other profession with patient contact 36 6

medical student 30 5

laboratory and research staff 25 4

dentist 16 3

other profession without patient contact 14 2

student of dentistry 11 2

not available 3 0.5

Device

hollow-bore needle 236 42

body fluid or solid body material 82 14

solid needle 76 13

knife/scalpel 70 12

surgical instrument 27 5

dental instrument 24 4

needle (not further specified) 11 2

unknown 11 2

other 23 4

not available 7 1

Place of injury

operating theater 197 35

ward 137 24

out-patient department 61 11

intensive care unit 43 8

laboratory 39 7

angiography/endoscopy/radiology 38 7

accident and emergency department 13 2

other 27 5

not available 12 2

Variable
Injury event

(N = 567)

n %

Activity

with direct patient contact 256 45

surgical activity and dissection 99 39

all kinds of body puncture 87 34

other 70 27

without direct patient contact 228 40

tidying up, cleaning and disposal 129 57

other 99 43

not clearly assessable 78 14

not available 5 1
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eye and/or mouth contamination occurred, even though 
a splash of BF or solid body material into the face could 
have theoretically been expected. Surgical and dissect-
ing activities (33%) as well as activities connected with 
the use of vascular access devices (inserting, flushing, re-
moving and taking a blood sample) (31%) were predomi-
nantly concerned. These splash injuries that happened 

gies, Figure 3 presents ways in which injuries could have 
been prevented in the different hospital areas.
Information regarding the  use of PPE could be derived 
from the documentation sheets in 56% of cases. No gloves 
were worn in at least 4% of cases, even though their use 
would have been appropriate. No safety goggles and/or 
surgical mask were used in 75% of the cases in which an 
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In total, the cause of injury and the occupational group of the injured person were given in 276 cases. Each bar represents an occupational group and depicts the distribution 
of the causes of injuries in percentage terms within each group: A– stress/time pressure/overstrain/carelessness/distraction, B – bad luck/slipped/unexpected movement, 
C – item improperly or not (immediately) disposed, D – overfilled, inconveniently placed or unsafe sharps container, E – safety mechanism not (immediately), incompletely 
or improperly activated, F – cramped conditions, G – combination of various points, H – other.

Figure 2. Distribution of the causes of injury with regard to the occupational groups, January 2014–June 2016, University Medical Center  
Hamburg-Eppendorf, Germany
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In total, the place where the preventable injury occurred was given in 176 cases. Each bar represents a place of injury and depicts the distribution of preventive measures 
in percentage terms within each place: A – wearing protective equipment, B – proper disposal of item/availability or more convenient placement of sharps container, 
C – replacement of a filled sharps container, D – (correct) activation of the safety mechanism, E – use of a safety device, F – immediate disposal of used item, G – other.

Figure 3. Measures how the preventable injuries could have been avoided with regard to the place of injury, January 2014–June 2016, University Medical 
Center Hamburg-Eppendorf, Germany
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tivation were caused by the use of defective devices (50%) 
and an incomplete activation of the SM (42%). Altogeth-
er, 30% of the injuries involving an SED were attributable 
to an improper use (Table 4).

DISCUSSION
Against the backdrop of NSSI/BBFE causing considerable 
health-related and financial burdens  [3,5,6,8,9], efforts 
have been made over recent years to reduce the number 
of injuries. Nevertheless, exposures of HCW to poten-
tially infectious body material still occur. In  this study 
the  unpreventable cases made up almost 16%, closely 
corresponding to results described by Wicker et  al.  [7]. 
In contrast, just over 30% of cases happened needlessly. 
Preventable injuries were found to lie between 30.9% [12] 

due to a lack of precautionary facial protection measures 
primarily occurred in the ICU (16%), secondly in the an-
giography, endoscopy and radiology areas (13%), and 
thirdly in the operating theater (11%).

Use of safety-engineered device
Taking into account only the  injuries involving an 
item  (85%), it was used by the  person who injured 
himself in 59% of the incidents, whereas it was used by 
somebody else in 28%. Just looking at the  latter inju-
ries, the majority of these occurred when the  item was 
no longer being used for its purpose (64%), while it was 
held in the injurer’s hand in 31% at the time of the injury. 
On the whole, there were more injuries occurring after 
than during the use of an item (Table 2). Injuries occur-
ring after disposal took place especially in areas where 
angiography, endoscopy and radiology are performed 
(20%) and in the ICU (18%).
An SED was used in 20% of the cases involving an item. 
Safety mechanisms that need to be activated manually 
were most frequent (80%), followed by passively trig-
gered mechanisms (18%) and such which are constantly 
active (2%). Most of the injuries occurred before the acti-
vation of the SM (Table 3). Injuries occurring after the ac-

Table 2. Time of injury regarding the use and disposal of item, January 2014– 
June 2016, University Medical Center Hamburg-Eppendorf, Germany

Time of injury
Injuries involving an item

(N = 485)

n %

During use of item 178 37

After use of item 229 47

before disposal 91 40

during disposal 76 33

after disposal 35 15

item does not need to be disposed 7 3

could not be assessed 20 9

Not assessable 78 16

Table 3. Activation of safety mechanism of safety-engineered device (SED),  
January 2014–June 2016, University Medical Center Hamburg-Eppendorf, 
Germany

Variable
Injuries involving a SED

(N = 97)

n %

Time of injury with regard to 
activation of safety mechanism

before activation 51 53

during activation 13 13

after activation 12 12

safety mechanism constantly 
active (i.e. blood culture 
adapter)

2 2

could not be assessed 19 20

Activation status of safety 
mechanism at the time of injury

not activated 57 59

incompletely activated 18 19

fully activated 1 1

safety mechanism constantly 
active (i.e. blood culture 
adapter)

2 2

could not be assessed 19 20
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was notably neglected after having finished an activity, 
that is when cleaning up, activating the  SM of an SED 
and disposing of used items. By contrast, the inadequate 
usage of facial protection equipment represents a major 
problem with 75% of splash injuries to the eye(s) and/or 
mouth that could have been prevented by wearing protec-
tive eyewear and/or a surgical mask. The use of protec-
tive eyewear ranges in the  literature between 1.6% [15] 
and 79% [19], that of a surgical mask between 4.1% [15] 
and 55.5% [16].
Coinciding with results by Nelsing et al.  [15], the authors 
discovered that surgical and dissecting activities as well as 
activities connected to the  use of vascular access devices 
pose a  particular risk for facial splash injuries, stressing 
the  urgency of a  more natural use of PPE when such ac-
tivities are performed. In general, it seems that HCW are 
more likely to wear PPE the higher the risk of infection is 
estimated  [17,20,21]. According to other studies, major 
reasons for noncompliance with the usage of PPE appear 
to be interference with working skills  [15,21,22], being 
impractical [21,22] and time-consuming [14,21,22]. Many 
HCW underestimate the risk of eye contamination despite 
wearing spectacles [15] and some do not use a PPE because 
nobody does it and they fear being a target of ridicule [22].

Waste disposal
Taking into consideration only the cases involving an item, 
the  majority of injuries occurred after its use. Of  these, 
injuries before disposal were most frequent, followed by 
NSSI that either happened during or after disposal. Fo-
cusing on the item-related avoidable cases alone, 91% oc-
curred after use: 30% before, 35% during and 30% after 
disposal. In other studies, NSSI taking place after the use 
of an item but before its disposal made up between 
9.4% [23] and 31% [18], those happening during disposal 
between 5%  [8] and 46.6%  [24]. Having disposed of an 
item improperly, not having disposed of it immediately or 
not having disposed of it at all was the third most frequent 

and 55.2%  [7] in other studies. It  is essential to under-
stand the mechanisms leading to this kind of NSSI/BBFE 
so that measures can be adopted to lower the number of 
injuries to a minimum.

Personal protective equipment
Personal protective equipment protects the  skin and 
mucous membranes from direct contact with potentially 
infectious BF. In  addition, the  use of gloves decreases 
the volume of BF transferred through an NSSI [12,13] and 
might thus to some extent reduce the risk of infection [2]. 
In this study, one-third of the avoidable cases could have 
been prevented by wearing appropriate PPE, indicating 
a  lack of adherence to basic precautions. Such has also 
been described in other studies where compliance with 
the use of PPE lay between only 5% [14] and 35% [15]. 
Although information regarding the use of gloves could 
be determined in only 44% of the cases, wearing gloves 
seems to be practiced for the most part at the UKE. Ger-
shon et al. [16] have shown similar results, whereas com-
pliance with glove use was found to be clearly lower in 
other studies [5,15,17,18]. The use of gloves in this study 

Table 4. Causes for preventable needlestick and sharps injuries  
with safety-engineered devices (SED), January 2014–June 2016,  
University Medical Center Hamburg-Eppendorf, Germany

Cause
Preventable injuries with SED

(N = 29)

n %

Improperly activated 9 31

Not activated at all 7 24

Incompletely activated 5 17

Not immediately activated 3 10

Improper use of intravenous lines 2 7

Improper use of blood culture 
adapter

2 7

Manual activation of a passively 
triggered safety mechanism 
that did not work

1 3
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Safety-engineered device
In Germany the  use of SED for activities going along 
with a  high infectious potential became obligatory in 
August  2007  [30]. In  accordance with the  TRBA 250, 
the activation of the SM must either work automatically 
or be performed one-handed right after use. The  com-
pleted activation of the  SM must be clearly recogniz-
able  [1]. On  the one hand, it seems that the  introduc-
tion of SED had a lowering effect on the total number of 
NSSI [5,31–33]; on the other, the proportion of injuries 
associated with SED has risen  [31,34,35]. In  this study, 
20% of the item-related cases were caused by SED com-
pared to rates of 9.8% [31] to 44% [14] described in the lit-
erature. In accordance with these results, several studies 
have shown that the majority of SED-associated injuries 
occur before the activation of the device [31,36] or when 
the SM is not activated [14,35,37]. In  this study 82% of 
the avoidable SED-related injuries could have been pre-
vented by an (immediate, complete or proper) activation 
of the safety feature. Dulon et al. [2,8] have shown simi-
lar results and identified a lack of practical experience as 
the  major cause of failure when SED were used. Being 
stressed and/or overworked seems to further increase 
insecurities in terms of correct SED usage [2]. Just as de-
scribed by other authors [2,8], SED with SM which need 
to be activated manually made up the principal share in 
this study. At the same time, the risk of obtaining an NSSI 
appears to be highest when using manually activated SED 
and lowest when using SED with passively triggered fea-
tures; semiautomatic devices lie in between [31]. Where 
applicable, a more comprehensive provision of automatic 
SED should thus be considered.

CONCLUSIONS
All in all, 2 factors seem to be decisive in view of reducing 
NSSI/BBFE:

 – taking organizational measures (e.g. providing suitable 
PPE, SED and SC with a low risk of obtaining a CASI),

cause of injury in this study. In the literature, rates of im-
proper disposal range between 6.2% [5] and 28% [18].
Coinciding with results of other studies  [18,25–27], the 
authors of this manuscript could show that the  house-
keeping staff was at the highest risk of receiving an NSSI 
as a consequence of improper disposal. Eighty-two per-
cent of the injured cleaning staff suffered from an injury 
due to a sharp being disposed of in a garbage bag or being 
left on the floor. What makes these cases even worse is 
the fact that the IP is usually not known [25]. Health care 
workers must be made aware that irresponsible behavior 
in terms of sharps disposal can have severe impacts on 
other hospital staff. On the other hand, there were cases 
recorded where SC were available but injuries occurred 
nonetheless. For the most part, these container-associat-
ed sharps injuries (CASI) were attributable to overfilled 
SC. The SC was inconveniently placed in three cases and 
it was punctured by the item in one case.
In a  study by Floret et  al.  [5], the  number of CASI lay 
in 6.7–9.1%. Dulon et al. [8] have shown a CASI rate of 
13.5% based on the same reasons as in this study. There is 
no doubt that SC are essential in terms of safety, however, 
they need to be placed, used and designed in a way that 
does not increase the risk of injury. As reported by Grim-
mond et al. [28], >90% of CASI are related to container 
design. Sharps containers with a  large aperture, a  deep 
atrium and a  passive overfill protection allowing for 
one-handed deposit and that are situated close-at-hand 
seemed to reduce the risk of obtaining a CASI [29].
In another study by Grimmond and Naisoro [29], the rate 
of CASI could be significantly decreased by replacing small 
transportable SC with SC that had a large capacity and were 
constantly placed in the room where the sharps were used. 
Bearing these results in mind, SC presently used at the UKE 
should undergo an evaluation and the placement of SC in 
each hospital room should be considered. In the end, every 
HCW must be made aware of his responsibility to replace 
a full SC so that overfilling will not even occur.
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definition of the variables, a certain scope for interpreta-
tion remained.

Concluding general implications for practice
Despite the  implementation of precautionary measures, 
experiencing a  NSSI/BBFE remains a  relevant risk con-
cerning all occupational groups and areas of work in 
the hospital.
Health care workers, students and trainees should thus be 
regularly sensitized for this topic and made aware of the po-
tential risks that can lead to an injury. In this connection, it 
is favorable that regular trainings are offered by employers, 
company doctors and medical faculties. Beyond this, print-
ed and online newsletters, start pages of frequently used 
work-related computer programs and posters positioned at 
places in the hospital where they easily catch the eye, could 
be used to draw attention to the topic.
The working environment should encourage HCW and 
students to practice an open error culture that allows 
identifying risk potentials based on which solutions can 
be developed.
Structural measures such as provision of PPE, SED and 
safe disposal conditions need to be ensured. At the same 
time, understaffing should be avoided as far as possible 
to decrease the workload for each HCW and thus reduce 
the risk of stress related injuries.
In conclusion, NSSI/BBFE will probably never be com-
pletely avoidable; nonetheless, the  implementation of 
above mentioned measures can contribute to a reduction 
of their number and like this to a diminution of conse-
quences concerning health and financial aspects.
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