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1  |  INTRODUC TION

A Norwegian university hospital neonatal intensive care unit (NICU) 
experienced four bacterial outbreaks, in 2008–2009, 2016, 2019 

and 2020–2021, respectively. Three of these outbreaks were with 
multi-resistant bacteria.

Bacterial outbreaks are particularly concerning when they 
occur in a NICU setting. Premature and sick newborn infants have 
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Abstract
Aim: To study whether overcrowding and/or nurse understaffing preceded four bac-
terial outbreaks during a 5-year period in a Norwegian university hospital neonatal 
intensive care unit (NICU).
Methods: A repeated cross-sectional study based on prospectively collected data 
from the Norwegian neonatal network's (NNN) web-based electronic database, digital 
work schedules and information about the outbreaks from logs, reports and publica-
tions. Number of admitted patients, category 4–5 patients (i.e., with the highest nurse 
to patient ratio), rostered nursing staff and nurse specialists were analysed in relation 
to periods (1) >28 days before individual outbreaks, (2) ≤28 days before, (3) during and 
(4) after outbreaks. Overcrowding and understaffing were compared between the 
four periods with Chi-square test and post hoc analysis with Bonferroni correction.
Results: When all outbreaks were analysed together, overcrowding was more frequent 
in the periods within 28 days of outbreaks compared to the other periods (p < 0.001). 
For understaffing, the periods within 28 days of outbreaks were only different from 
the periods >28 days before outbreaks (p < 0.001). The trends regarding individual 
outbreaks were less consistent, but there were more category 4–5 patients before 
and during the outbreaks.
Conclusion: Bacterial outbreaks in a 5-year period were weakly associated with over-
crowding and understaffing.
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immature immune systems, invasive vascular and airway accesses, 
and many infants are cared for in open-bay units.1 Multiple-use med-
ical equipment is frequently used, and the open-bay areas are not 
suited for optimal infection control.2 Bacterial outbreaks may put 
strains on the nursing staff, as evident from a dramatic increase in 
sick leaves and resignations directly related to the number of col-
onised patients per week during a NICU outbreak.3 Thus, bacterial 
outbreaks in the NICU have large negative health economic conse-
quences. The estimated costs of a single outbreak in a Norwegian 
NICU were USD 430,000.4 Outweighing the economic costs is the 
increased morbidity and mortality resulting from outbreaks.2

By identifying contributing factors, targeted efforts to re-
duce the risk of future outbreaks can be made.5 A review article 
reporting on adult intensive care units included five studies that 
described associations between understaffing, increased work-
load and outbreaks.6 A methicillin-resistant Staphylococcus aureus 
(MRSA) outbreak in a Norwegian NICU was believed to be related 
to overcrowding, understaffing, frequent relocation of patients 
and circulation of nurses.4 Three NICU studies found that the in-
cidence of the outbreak-causing bacteria was significantly higher 
during periods of severe overcrowding and understaffing.7–9 A 
recent German study found that there was a significant negative 
correlation between nursing coverage and the number of colonised 
and infected infants.3

Several of the previous studies focus only on the actual outbreak 
period. The four outbreak periods in our unit were of relatively short 
durations. Based on this as well as staff perceptions, the hypothesis 
of the current study was that outbreaks in our NICU were preceded 
by periods of patient overcrowding and/or nurse understaffing, and 
the primary aim of this study was to test this hypothesis. Therefore, 
in a cross-sectional study with data from the Norwegian neonatal 
network's web-based electronic database, digital work schedules 
and reports, we analysed rates of overcrowding and understaffing 
to estimate their association with the bacterial outbreaks.

2  |  METHODS

2.1  |  Setting and study design

This project was designed as a repeated cross-sectional study in a 
Norwegian university hospital level 3c NICU (cares for sick term 
infants and premature infants from gestational week 23 + 0).10 The 
NICU has a catchment area covering around 4500 annual deliver-
ies and is a regional referral unit. Nine to ten percent of all inborn 
neonates are admitted to the NICU, corresponding to an estimated 
annual 450 admissions and 5000 hospital days. The current physical 
unit was established in 1992 with 21 beds. In 2019, this number was 
reduced to 16. After the outbreak in 2016, the infection prevention 
and control (IPC) department recommended only 12 patients in the 
three open bays (intensive care [n = 4], intermediate care [n = 4] and 
nursery [n = 4, including one isolation room]). The remaining beds 
are in single-family rooms with telemetry surveillance.

2.2  |  Characteristics of the outbreaks

1.	 2008–2009: Extended spectrum betalactamase (ESBL)-
producing Klebsiella pneumoniae.11 Fifty-eight infants were 
colonised 27 November 2008–17 April 2009, i.e., 142 days. 
One patient developed clinical sepsis and no infant died from 
the outbreak bacteria. The strain was cultured in 3/18 breast 
milk samples. Thirty-three out of 512 environmental samples 
were positive. Thirty out of 80 staff were screened and were 
all negative.

2.	 2016: K.  pneumoniae with normal resistance pattern. Thirteen 
patients were colonised 8 March–15 June, i.e., 100 days. Three 
patients developed clinical sepsis, two of them died.

3.	 2019: Klebsiella ESBL. Three patients were colonised 19 
November–4 December, i.e., 16 days. One of the colonised pa-
tients died during the outbreak, but from a cause found to be 
unrelated to the colonisation. The last colonised patient was dis-
charged 24 February 2020, but since this was the only colonised 
patient after 4 December, the unit returned to normal routines 
that day with the colonised patient remaining with contact-
isolation until discharge.

4.	 2020–2021: Staphylococcus lugdunensis resistant to methicillin 
(MRSL). Four patients were colonised 14 December 2020–19 
February 2021, i.e., 68 days. Two patients developed clinical sep-
sis, but only one had a positive blood culture. Two of the breast 
milk samples were positive, whereas the environmental samples 
were all negative. Three staff tested positive and had the MRSL 
successfully eradicated following the same decolonisation proce-
dure as for MRSA.

2.3  |  Screening and cohorting procedures

The NICU does not employ routine bacterial screening. All outbreaks 
were random findings resulting from cultures of, e.g., eye secretions 
and blood from symptomatic infants. The outbreaks in 2016, 2019 
and 2020–2021 were detected in the intensive care bay. In 2016, the 
outbreak spread to the entire unit, while the outbreaks in 2019 and 

Key Notes

•	 Overcrowding and nurse understaffing were speculated 
to precede four bacterial outbreaks in a university hos-
pital neonatal intensive care unit.

•	 When all outbreaks were analysed together, the 28 days 
immediately preceding the outbreaks had a higher frac-
tion of days with overcrowding and nurse understaffing 
than the periods >28 days before outbreaks.

•	 By identifying contributing factors, targeted efforts to 
reduce the risk of neonatal intensive care unit bacterial 
outbreaks can be made.
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2092  |    DAHL and SOLEVÅG

2020–2021 remained only in the intensive care bay. The outbreak 
in 2008–2009 was first detected when 25 out of 26 patients were 
colonised, and thus affected the entire unit.

During outbreaks, recently discharged patients were tested, and 
admitted infants were screened several times a week. Environmental 
samples were taken from sinks and other surfaces, breast milk and 
breast pumps. Staff were only screened in two of the four outbreaks. 
Genetic testing of the outbreak bacterium was performed to ex-
clude other strains. During the outbreak in 2016, although 18 other 
strains of K. pneumoniae were discovered, the 13 outbreak patients 
were colonised with the same strain. Screening protocols and their 
duration were based on findings specific to the individual outbreak 
and agreed upon in close dialogue with the IPC department.

During the 2008–2009 and 2016 outbreaks, IPC measures in-
cluded that the patients were cared for at two separate locations 
and physically separated into cohorts of colonised, exposed and 
newly admitted patients. New patients were screened on admission, 
and regular sampling of all patients was performed.

2.4  |  Study period, participants and data extraction

The study is based on prospectively collected data from the 
Norwegian neonatal network's (NNN) web-based electronic data-
base, digital work schedules and information about the outbreaks 
from daily written logs during the outbreaks, internal reports made 
after outbreaks and publications. Data were extracted from the 
5 years and 2 months the unit had bacterial outbreaks: 2008–2009, 
2016, 2019 and 2020–2021. We intended to include the whole year 
the unit had an outbreak, and 2 years when the outbreak included 
two calendar years. However, since the project and data extraction 
started March–April 2021, only 2 months (January and February) of 
2021 were included. The unit of analysis was each day during the 
outbreaks, as well as >28 days before each outbreak, ≤28 days imme-
diately before, and after the outbreaks. The outbreak in 2008–2009 
was first detected 20 January 2009. However, as the index case was 
traced back to 27 November 2008, 8 weeks before the outbreak was 
detected, the period “immediately before” the outbreak was also ex-
tended to 84 days (12 weeks).

Patient activity data each day of the total 5 years and 2 months 
were extracted from NNN (n = 1887). The patient occupancy was 
calculated by collecting the number of patients in each category 
(1–5: 1  =  lowest complexity, 5  =  highest complexity/acuity10) ad-
mitted to the unit each day during the outbreak years. The number 
of patients in category 4 and 5 each day was analysed separately 
to study if the outbreaks were related to more patients needing a 
higher nurse to patient ratio (NPR).

The desired number of nurses each day was estimated based on 
the Norwegian Directorate of Health's recommended NPR.10 For 
a shift, the desired number of nurses was calculated from the fol-
lowing: number of category 1 patients × 0.33 + number of category 
2 patients × 0.4 + number of category 3 patients × 0.75 + number of 
category 4 patients × 1 + number of category 5 patients × 1.5.10

Information about the actual staffing was collected from the 
hospital's electronic software for work time planning (GAT, Visma), 
and the desired number of nurses was compared with the actual unit 
staffing each day during the evening shift, i.e., the shift with the low-
est NPR, except the night shift. Due to a lower unit activity at night 
(lower risk of bacterial transfer), evening shifts were chosen over 
night shifts.

For the outbreaks in 2019 and 2020–2021, the number of nurse 
specialists as an indirect measure of nursing staff competence was 
also retrieved for each shift.

2.5  |  Ethical considerations

The project was approved by the hospital privacy legislation author-
ity (reference number 2461) as a quality assurance project and was 
thus exempt from review by the Norwegian centre for research data 
and the Regional Committee for Health Research Ethics.

2.6  |  Definitions

An outbreak is defined by the Norwegian institute of public health as 
two or more cases of the same disease and with suspected/assumed 
common source.5 In this study, an outbreak-period was defined from 
the first colonised patient (index case) until the discharge of the last 
patient, except for in 2019 when the end of the outbreak period was 
defined when the unit returned to normal, although one colonised 
patient was still admitted with contact-isolation.

Colonisation is defined as a positive culture with the bacteria in 
question, but no need for antibiotic treatment. Infection is defined 
as a need for antibiotic treatment for the bacteria in question.13

A nurse specialist is defined as a nurse with postgraduate training 
in intensive care-, neonatal- or paediatric nursing. The Norwegian 
Directorate of Health recommends that NICUs have nurse special-
ists on all shifts.10

The definition of overcrowding is based on the number of unit 
beds, i.e., 21 prior to 2019 and 16 after 2019. Thus, overcrowding 
was defined as >21 patients for the 2008–2009 and 2016 outbreaks 
and >16 for the 2019 and 2020–2021 outbreaks.

Understaffing is defined based on national NICU staffing norms 
as previously described. By calculating the desired NPR based on 
the patient occupancy each day, and further comparing it with the 
actual staffing in the workplan, the unit is defined as overstaffed, 
appropriately staffed or understaffed. If the NPR in the work 
schedule was lower than the calculated need, this was defined as 
understaffing.

2.7  |  Statistical analyses

To examine the prevalence of overcrowding and understaffing, de-
scriptive statistics were used. Outbreak-years were divided into four 
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    |  2093DAHL and SOLEVÅG

periods: (1) >28 days before the outbreak, (2) within 28 days of the 
outbreak (adding an extended period for the 2008–2009 outbreak), 
(3) the outbreak-period and (4) after the outbreak, and crosstabu-
lations were made to compare these periods with regard to over-
crowding and understaffing as dichotomous variables (yes/no). Post 
hoc tests with Bonferroni corrections were performed. Pearson Chi-
square test was used to compare periods in immediate relation to 
the outbreaks (periods 2 and 3) to periods not in immediate relation 
to the outbreaks (periods 1 and 4).

Non-parametric tests for continuous variables (Kruskal-Wallis) 
were used to test for differences in the number of level 4–5 patients 
and nurse specialists. To examine the direction of potential differ-
ences in the number of level 4–5 patients, box-and-whisker plots 
were made.

Categorical variables are presented as number with percent and 
continuous variables as mean with confidence interval (CI) or median 
with interquartile range (IQR). p-Values are 2-sided and significance 
level Bonferroni corrected to <0.0062. Time plots were made in 
Excel 16.55 (Microsoft) to visualise overcrowding and understaff-
ing in relation to the outbreaks. Statistical analyses were performed 
with IBM SPSS 27 for Mac and IBM SPSS 26 for Microsoft Windows 
(IBM Corporation).

3  |  RESULTS

A total of 1887 days distributed between period 1 (956 days), 
period 2 (112 days), period 3 (326 days) and period 4 (493 days) 
were analysed. When using an extended period 2 for the 2008–
2009 outbreak, the days were distributed as follows: period 
1 = 956 days, period 2 = 168 days, period 3 = 270 days and period 
4 = 493 days.

3.1  |  Overcrowding

A total of 424/1887 (22.5%) days were overcrowded, with (1) 22.1% 
of the days in the periods >28 days before outbreaks, (2) 39.3% of 
the days in the periods within 28 days of the outbreaks, (3) 22.1% 
of the days during outbreaks and (4) 19.7% of the days in the peri-
ods after the outbreaks (Table 1). The period within 28 days of the 
outbreaks was significantly different from the other three periods 
(p < 0.001). When using an extended period 2 for the 2008–2009 
outbreak, we found overcrowding in: (1) 22.1% of the days in the 
periods >28/84 days before outbreaks, (2) 33.9% of the days in the 
periods within 28/84 days of the outbreaks, (3) 21.9% of the days 
during outbreaks and (4) 19.7% of the days in the periods after the 
outbreaks. The period within 28/84 days of the outbreaks was sig-
nificantly different from the other three periods (p < 0.001).

The periods not in immediate relation to the outbreaks (periods 1 
and 4) had 308/1.449 days (21.3%) with overcrowding compared to 
116/438 days (26.5%) with overcrowding in the periods in immediate 
relation to the outbreaks (periods 2 and 3) (p < 0.001).

Analysing each outbreak-period separately, overcrowding pre-
ceded (within 28 days of) all four individual outbreaks, but signifi-
cantly only in 2008–2009, 2016 and 2020–2021, most prominently 
in the 2008–2009 outbreak (Figure 1).

3.2  |  Understaffing

A total of 1091/1887 (57.8%) days were understaffed, with (1) 47.5% 
of the days in the periods >28 days before outbreaks, (2) 75.0% of 
the days in the periods within 28 days of the outbreaks, (3) 61.3% 
of the days during outbreaks and (4) 71.6% of the days in the pe-
riods after the outbreaks (Table  1). The periods within 28 days of 
outbreaks had a significantly higher fraction of days with understaff-
ing than the periods >28 days before outbreaks (p < 0.001), but did 
not differ significantly from the other two periods. When using an 
extended period 2 for the 2008–2009 outbreak, we found under-
staffing in: (1) 47.5% of the days in the periods >28/84 days before 
outbreaks, (2) 81.6% of the days in the periods within 28/84 days of 
the outbreaks, (3) 54.4% of the days during outbreaks and (4) 71.6% 
of the days in the periods after the outbreaks. The periods within 
28/84 days of outbreaks had a significantly higher fraction of days 
with understaffing than the periods >28/84 days before outbreaks 
and during the outbreaks (p < 0.001), but did not differ significantly 
from the periods after outbreaks.

The periods not in immediate relation to the outbreaks (periods 
1 and 4) had 807/1.449 days (55.7%) with understaffing compared to 
284/438 days (64.8%) with understaffing in the periods in immedi-
ate relation to the outbreaks (periods 2 and 3) (p < 0.001).

Analysing each outbreak separately, nurse understaffing pre-
ceded (within 28 days of) two individual outbreaks (2008–2009 and 
2019), most prominently in the 2008–2009 outbreak. In the 2016 
outbreak, understaffing was higher both >28 days before and within 
28 days of the outbreak. In the 2020–2021 outbreak, no consistent 
pattern could be identified. Figure 1 are graphical presentations of 
understaffing and overcrowding before, during and after outbreaks.

3.3  |  Category 4–5 patients and number of 
nurse specialist

There were more category 4–5 patients before and during outbreaks 
(Figure 2). The same pattern was not seen for category 1–3 patients.

In the 2019 and 2020–2021 outbreaks, there was a differ-
ence between periods 1 and 4 in the number of nurse specialists 
(p = 0.002) with a higher number of nurse specialists during the out-
breaks (Table 1).

4  |  DISCUSSION

In this cross-sectional study of four NICU bacterial outbreaks, when 
all outbreaks were analysed together, there was a difference in both 
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F I G U R E  1  Graphical presentations of understaffing, overcrowding and category 4 + 5 patients before, during and after outbreaks. The 
unit on the y-axis is number of nurses, category 4 + 5 patients and total number of patients, the unit on the x-axis is date (month/day/year). 
The blue arrows mark the start of each outbreak. (a) Outbreak 2008–2009. (b) Outbreak 2016. (c) Outbreak 2019. (d) Outbreak 2020–21
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    |  2095DAHL and SOLEVÅG

overcrowding (p < 0.001) and understaffing (p < 0.001) between four 
periods with a different temporal relationship to the outbreaks. For 
overcrowding, the periods within 28 days of the outbreaks were 
significantly different from the other three periods (p < 0.001), with 
almost twice as many days with overcrowding. When using an ex-
tended period 2 for the 2008–2009 outbreak, the periods within 
28/84 days of the outbreaks were still significantly different from 
the other three periods (p < 0.001). When it comes to understaffing, 
the periods within 28 days of the outbreaks were significantly differ-
ent from the periods >28 days before outbreaks, but did not differ 
significantly from the other two periods. When using an extended 
period 2 for the 2008–2009 outbreak, the periods immediately pre-
ceding outbreaks were significantly different from both the periods 
>28/84 days before outbreaks and the outbreak periods. As many as 
81.5% of the 28/84 days before outbreaks were understaffed. The 
periods not in immediate relation to the outbreaks had less over-
crowding and understaffing compared to periods in immediate rela-
tion to the outbreaks.

The trends regarding individual outbreaks were less consistent, 
with three outbreaks being preceded by overcrowding and nurse 
understaffing, and one not being preceded by neither overcrowding 
nor understaffing. Overcrowding and understaffing were most evi-
dent prior to the 2008–2009 outbreak.

Several other studies have shown associations between bacterial 
outbreaks, overcrowding and understaffing.3,7–9 Even though under-
staffing was the most frequent risk factor for outbreaks, a system-
atic review showed that understaffing was infrequently addressed 
by interventions.13 In our study, almost 60% of the days were under-
staffed. The Norwegian Directorate of Health recommends consid-
ering increasing staffing levels if the unit has a higher staffing need 
than planned for a prolonged period of time.10 Adding one nurse to 
each of the shifts in this study, the fraction of days with understaff-
ing would be reduced to 42%.

Norwegian norms only take into account nurses working with 
direct care of patients, and not the need for a shift leader to coor-
dinate the shift.10,12 Adding a shift leader to the number of desired 
nurses per day/shift, the fraction of days with understaffing would 
increase to 73%. In addition, the need for one or more nurse(s) to 
admit new patients has not been accounted for by the norms.12 
Norwegian NICUs do not have a dedicated resuscitation team, and 
bedside nurses may have to go to the labour and delivery rooms to 
stabilise and admit new patients to the NICU. One study showed a 
reduction in the outbreak bacteria when a dedicated resuscitation 
nurse on each shift was implemented as one of several measures.8

Three out of four outbreaks were preceded by a period of over-
crowding and understaffing. However, in the study period, several 

TA B L E  1  Understaffing, overcrowding and nurse specialists* the four periods related to outbreaks

>28 days before outbreak 
(n = 956)

≤28 days before outbreak 
(n = 112) Outbreak- period (n = 326)

After outbreak 
(n = 493)

Number (%) understaffing 454 (47.5) 84 (75.0) 200 (61.3) 353 (71.6)

p-Value <0.001a <0.001b,c 0.16c <0.001b

Number (%) overcrowding 211 (22.1) 44 (39.3) 72 (22.1) 97 (19.7)

p-Value 0.67a <0.001b 0.86a 0.08a

Mean (CI) nurse specialists 3.80 (3.69–3.90) 3.71 (3.38–4.04) 4.27 (3.99–4.56) 3.31 (2.86–3.75)

Note: Each superscript letter denotes a subset of period related to outbreak categories whose column proportions do not differ significantly from 
each other at the 0.05 level. Bonferroni corrected p-value <0.0062. 95% Confidence Interval (CI).
*The number of nurse specialist was only analysed for the 2019 and 2020–21 outbreaks.

F I G U R E  2  Boxplot of Category 4 + 5 
patients. The unit on the y-axis is number 
of category 4 + 5 patients, the x-axis is 
period. The thick black line is the 50 
percentile, and the box is bounded by the 
25th and 75th percentiles.

 16512227, 2022, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apa.16494 by L

ovisenberg D
iaconal U

niversity C
ollege, W

iley O
nline L

ibrary on [20/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



2096  |    DAHL and SOLEVÅG

periods with overcrowding and understaffing were not followed by 
an outbreak. This indicates that other factors than overcrowding and 
understaffing contribute to bacterial outbreaks in our NICU. More 
complex patients with intensive care needs were admitted before 
and during the outbreaks, a pattern not consistently seen for the 
less complex category 1–3 patients. Category 4 and 5 patients may 
be those on invasive mechanical ventilation and/or with multiple-
organ failure, and should have an NPR of 1–1.5.10 In intensive care, 
clinical changes and a need for life-saving and stabilising measures 
are sudden and unpredictable.10 Category 4 and 5 patients are per 
definition in an unstable condition and need two pairs of nursing 
hands during care, interventions and treatment. Acute and planned 
requirements for extra hands result in nurses having to move be-
tween several patients during a single shift, and in acute events, 
there is limited time to perform optimal hand hygiene. Patient iso-
lation increases the resource intensiveness of care. Thus, patients 
in isolation (due to colonisation) are assigned to a higher patient cat-
egory. This may have contributed to a higher number of category 4 
patients during, but not immediately prior to the outbreaks.

In 2019 and 2020–2021, the number of nurse specialists was 
quite stable. Still, there was a higher number of nurse specialists 
during the outbreaks compared with the other periods. Contrary to 
this, a study from Mexico showed a significantly lower proportion of 
trained nurses caring for critically ill patients during epidemic peri-
ods of ESBL-producing K. pneumoniae.14 In our unit, as mentioned, 
there were more category 4–5 patients before and during outbreaks. 
According to The Norwegian Directorate of Health, category 4–5 pa-
tients should be cared for by nurse specialists on each shift,10 which 
may explain the higher number of specialists during these periods.

Other potential risk factors for outbreaks in our unit include the 
distribution of patients in the three open bays where only a total of 
12 patients is recommended. This recommended number is often ex-
ceeded. A limitation of this study is that the distribution of patients 
in the different bays and rooms is unknown. The unit had several 
category 4–5 patients before outbreaks. Thus, it is likely that more 
than four patients were cared for in the intensive care bay where 
most of the outbreaks were detected. Relocation of patients and cir-
culation of nurses could also play a role. Before an MRSA outbreak in 
a Norwegian NICU, several patients had been moved and there was 
an extensive cross-over of health personnel.4 In our unit, patients 
are relocated relatively often to compensate for low staffing levels 
and limited space.

Cross-sectional studies are subject to what is known as “eco-
logical fallacy” and have limitations related to causal inference.15 
However, there is less concern when the associations produced 
carry a high biological plausibility and have previously been demon-
strated, such as in our study. The first outbreak in 2008–09 has a 
huge impact on the results of this study, and in this specific outbreak 
there were 8 weeks between the index case and the detection of the 
outbreak. Thus, the actual start of and the period “in immediate rela-
tion to” the outbreak are difficult to define. To get around this prob-
lem, we extended the period preceding this outbreak from 4 weeks 
to 12 weeks in additional analyses yielding the same conclusions 

regarding overcrowding. When it comes to understaffing, the pe-
riods immediately preceding outbreaks were significantly differ-
ent from both the periods >28/84 days before outbreaks and the 
outbreak periods, not only the periods >28/84 days before. Other 
limitations of this study include that the lack of routine screening 
may have resulted in outbreaks not being recognised, and the dif-
ferent durations of the four periods the outbreak years were divided 
into. In the 2020–2021 outbreak, for example, the period after the 
outbreak was only 9 days, which could have affected the result. For 
this specific outbreak, no consistent pattern of overcrowding or 
understaffing could be identified. We only collected the number of 
nurse specialists in relation to two of the four outbreaks, in 2019 and 
2020–2021, respectively. This may also represent a limitation of our 
results and conclusions.

Immunisation, hand hygiene, knowledge, antibiotic stewardship, 
unit size and single patient rooms are known positive factors related 
to infection control.2 The main interventions described in a review 
were improved infection-control procedures and screening of staff 
and the environment,13 all factors that our unit has worked purpose-
fully towards. In addition, we have focused on reducing the num-
ber of admissions and length of stay, and optimising basic infection 
control measures, for example using as little shared equipment as 
possible and changing gowns between each patient.

5  |  CONCLUSION

In conclusion, in our university hospital NICU, bacterial outbreaks 
in a 5-year period were weakly associated with overcrowding and 
understaffing. One of the outbreaks was preceded by neither over-
crowding nor nurse understaffing, and additional factors are likely 
to have contributed to bacterial outbreaks in our unit. We speculate 
that another potential risk factor was more patients needing a higher 
nurse to patient ratio before and during the outbreaks. Future studies 
may include stronger research designs, such as Nordic case–control 
or cohort studies, which our outbreak data might contribute to.
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