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Summary

Background: Healthcare-associated infections are a significant cause of suffering and
mortality among nursing home residents. Many of these infections are treated with antibiotics.
This widespread use can increase antimicrobial resistance, which is one of the biggest global
public health challenges. The primary strategy for reducing antibiotic use is to decrease the
number of infections. Infection surveillance is a crucial part of infection prevention and should
be initiated to quickly control outbreaks and prevent transmission. Most nursing home
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residents have weakened immune systems and impaired functional abilities, making them
particularly vulnerable to severe illness and death from infections.

Objective: To monitor infections in nursing homes over an extended period and examine the
prevalence of various types of infections, the types of antibiotics used in nursing homes, and
how sociodemographic variables associated with the prevalence of infections changed during
the pandemic.

Method: Healthcare personnel from 22 nursing home wards submitted weekly reporting forms
over an 18-month period between February 2021 and August 2022. The reports from each
ward included information about the number and type of infections, residents’ sex and age,
antibiotic treatment, and type of antibiotics used. We employed descriptive and fixed-effects
regression analysis.

Results: A total of 1625 infections were reported. Of all new infections, 91.8% originated in the
nursing home, and 88.2% of these were treated with antibiotics. Urinary tract infections were
the most frequently reported, followed by respiratory tract and skin infections. The active
ingredients trimethoprim-sulfamethoxazole, amoxicillin and mecillinam were the three most
used antibiotics. The number of hospital admissions increased in line with the number of
infections throughout the study period.

Conclusion: The findings from this quantitative prospective study document infections and
antibiotic use in Norwegian nursing homes. Many nursing home residents contract infections
and consequently need to be hospitalised. Infection prevention, which includes infection
surveillance, can help reduce the number of infections, thereby decreasing suffering and
mortality in this patient group. Reducing the number of infections will also decrease antibiotic
use and the development of antibiotic resistance.

Introduction

Healthcare-associated infections (HAIs) are infections that occur in a patient in a hospital or
healthcare institution. HAls are prevalent and often lead to suffering and mortality among
nursing home residents (1, 2). Many of these infections are treated with antibiotics and
widespread use contributes to antimicrobial resistance (3). The United Nations (UN) considers
antimicrobial resistance to be one of the top global public health problems (4).

In nursing homes, nurses play a crucial role in limiting the unnecessary prescription of
antibiotics and the spread of antibiotic resistance (5, 6). The most effective strategy for
reducing widespread use of antibiotics is to decrease the number of infections (3, 7).

An important aspect of infection prevention is monitoring the number of infections (8, 9). This
can provide us with information and knowledge about the frequency and types of infections.
Early detection of an infection outbreak is essential so that preventive measures can be
implemented before the infection spreads further (5, 10).



The World Health Organization (WHO) believes that infection surveillance should be a top
priority in institutions (8). In the Norwegian Ministry of Health and Care Services’ action plan
for improving infection control in order to reduce HAIs 2019-2023, one of the goals is to
improve infection surveillance in hospitals and primary care institutions (5).

The goals outlined in the action plan have not yet been realised. Norway monitors many
conditions and has quality registries for these. However, there is no system for continuous
infection surveillance in healthcare institutions (5). The Norwegian Institute of Public Health
conducts a prevalence survey twice a year (NIOS-PIAH), which asks how many patients have
the four most common HAls on the measurement day (2).

The response rate has been low over time, even though participation is mandatory for nursing
homes. In November 2023, only 47.5% of nursing homes in Norway participated. The survey
revealed that 3.5% of nursing home residents had an HAI. Of these, 1.7% had urinary tract
infections, 0.9% respiratory tracts infections, and 0.7 and 0.1% had skin and wound infections
or post-surgical wound infections, respectively (2).

During the COVID-19 pandemic, morbidity and mortality rates increased among older adults,
with nursing home residents being particularly vulnerable (11, 12). Most nursing home
residents are older, and the natural ageing process can lead to a weakened immune system
and reduced physical and cognitive abilities (13-15).

Advancing age also increases the risk of multiple and chronic diseases, which can lead to
frailty (13). This combination makes nursing home residents particularly prone to infection (14,
15), and there is little that can be done to avoid these risk factors. They also tend to
experience more severe outcomes from infections, such as prolonged hospital stays, suffering,
and death (2, 9, 16, 17). Norway'’s Cause of Death Registry shows that infections are the third
most common cause of death in healthcare institutions outside the hospital setting (18). Many
of these infections could have been prevented (2, 9, 16).

This study is the first to map infection incidence and antibiotic use in a sample of nursing
homes over time in Norway. The objective of the study was to monitor infections in nursing
homes over an extended period in order to examine the prevalence of various types of
infections, the types of antibiotics most frequently used in nursing homes, and how
sociodemographic variables associated with the prevalence of infections changed during the
pandemic.

Method

Design

This study is a quantitative prospective study using weekly reporting forms to monitor
infection prevalence in nursing homes over an 18-month period. Data were collected between
February 2021 and August 2022.



Sample and recruitment

In December 2020, 17 nursing homes hosting clinical placement students from Oslo
Metropolitan University (OsloMet) received information about the study via email, along with
an invitation to participate. In January 2021, we contacted the nursing homes again by phone
to provide additional information about the study and reiterate our invitation to take part.

Reporting forms and data collection

Nursing home wards selected staff to submit weekly reports on infections and antibiotic use
via the digital platform Nettskjema.no. The responses were sent directly to the Services for
Sensitive Data (19).

The reporting form included questions about how many residents currently had an infection or
had had an infection in the past week, their sex and age (< 84 or = 85), as well as when and
where (at the nursing home or not) the infection began, the type of infection, whether they
had more than one infection, and whether antibiotics were used to treat the infection. If they
had received antibiotics, we asked about the type of antibiotic, the start date and the
estimated duration of the treatment.

The reporting form was devised specifically for the project, based on the clinical experience of
the authors and the staff at a nursing home ward. The form was pilot tested by the
department head and the nurses in one ward before the study began. Based on their
feedback, we revised the wording of some questions and added several antibiotic options to
make the form easier and faster to complete.

The wards received an email reminder the following week if they had not submitted a report.
We called the wards if several weekly reports were missing.

In addition to the reporting form, the wards were sent a questionnaire on sociodemographic
variables twice during the study period: in the summer of 2021 and 2022. This form contained
questions about the type of ward (long-term or short-term), the total number of beds and
residents, residents’ age (< 84 or = 85) and sex, the number of full-time equivalents (FTEs),
and the number of nursing FTEs.

Data analysis

Statistical analyses were performed in Stata version 16. We reviewed the reports in their
entirety. Weeks with missing reports were recorded as missing. Healthcare personnel could
select the category ‘Other’ for both infection and antibiotic type, and provide free-text
responses.

Under ‘Infections’, the ‘Other’ category included 50 different types of infections, while under
‘Antibiotic’, the category consisted of 26 different types. The ‘Unknown focus’ category under
‘Infections’ indicates that healthcare personnel had found an infection but were uncertain
about the type.



Descriptive analyses were performed, including cross tabulation. We conducted fixed-effects
linear regression analyses to examine which sociodemographic variables could be associated
with infection prevalence and how these variables changed over the course of the study. The
18 months were divided into three periods, each spanning six months.

All significant variables in bivariate analyses at one of the three time points were incrementally
included in a multiple regression analysis for each time period. The number of infections
reported each week was used as the dependent variable. An interaction term between ‘Ward
type’ and ‘Percentage of nursing positions’ was included in the regression analysis.

A significant result indicates that the effect of the number of nurses (percentage of nursing
positions) on the number of infections differs depending on the ward type. The variable
‘Occupancy rate’ indicates the percentage of the ward’s beds that are occupied, and the
variable ‘Percentage of nursing positions’ refers to the number of FTEs. P-values < 0.05 were
considered statistically significant.

Ethical considerations

This study is part of a larger project that has been reviewed and assessed by the Regional
Committee for Medical and Health Research Ethics (REK), reference number 196911 and
226694/REK South-East. Sikt — the Norwegian Agency for Shared Services in Education and
Research found that the project complied with data protection regulations, reference number
118936.

Nursing home residents and their families received a letter giving them information about the
study and informing them that they could opt out of data being collected on them for the
study and that they could withdraw at any time. Before the study could commence, the
department head or quality manager at each nursing home received an information letter and
had to sign a cooperation agreement for each ward in the study.

Results

A total of 22 nursing home wards from 9 different nursing homes wished to participate in the
study. The wards consisted of 3 short-term care units and 19 long-term care units in 2021, and
2 short-term care units and 17 long-term care units in 2022. Two wards were closed in the
spring of 2022, resulting in two fewer wards in 2022.

In the summer of 2021, 15 of the wards were organised into several small groups with their
own kitchen. All residents had their own toilet, while seven wards were a single large ward with
shared toilets for several or all residents. In the summer of 2022, 15 wards still had small
groups and individual toilets for residents, while the number with a single large ward and
shared toilets was reduced to five. Table 1 shows sociodemographic variables.



Table 1. Sociodemographic variables for nursing home wards

2021 2022
Number of wards 22 20
Total number of beds 592 568
Average number of beds per ward 27 (18-32) 28 (18-32)
Occupancy rate 95.86% 99.08%

Proportion of female residents

69.53% (43.5-88.2%)

70.49% (50.0-88.2%)

Proportion of residents = 85 years

Number of FTEs

59.17% (3.3-100%)

148 (3.5-12.0)

57.32% (6.2-87.5%)

141 (3.6-13)

The data range is shown in parenthesis.

During the 83 weeks of reporting, we received 1391 weekly reports. Each ward submitted an
average of 63 reports, but there was significant variation, ranging from 31 to 81.

Infections in nursing homes

Over the 18-month data collection period, 1625 infections were reported. Of all new infections,

91.8% originated in the nursing home, while only 8.2% were contracted prior to admission to
the nursing home. In the short-term care units, this percentage was higher: 19.7-27.8. It was

reported that 30.0% of the infections lasted more than one week. The most common infections

were urinary tract infections, followed by respiratory tract and skin infections (Figure 1).
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Figure 1. All new infection types by age, sex and origin
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Antibiotic use in nursing homes

The different infection types were generally treated with antibiotics, and 88.2% of all new
infections were treated with antibiotics. Urinary tract infections were treated with antibiotics in
98.2% of cases, skin infections in 92.5% and respiratory tract infections in 75.9% of cases. The
exception was gastrointestinal infections, where 61.8% of the infections were not treated with
antibiotics.

The active ingredients trimethoprim-sulfamethoxazole, amoxicillin and mecillinam were used
the most. Figure 2 shows the distribution of the various active ingredients, colour-coded to
highlight which antibiotics are standard in primary care (20, 21).

The category ‘Other’ consists of 20 different antibiotics, all of which were used fewer than 10
times. ‘Combination of different types’ can refer to either two different medications or a single-
pill combination.



Figure 2. Most used antibiotics in primary care, by active ingredient
and standard treatment
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The most common treatment for respiratory tract infections was amoxicillin (34.2%), followed
by phenoxymethylpenicillin (19.9%). Urinary tract infections were treated with pivmecillinam in
32.5% and trimethoprim-sulfamethoxazole in 27.1% of cases. Skin infections were most
frequently treated with dicloxacillin (47.3%), followed by the ‘Other’ category (26.0%).

Gastrointestinal infections (76.9%), sepsis (33.3%), infections of unknown focus (26.3%), and
the general infection category ‘Other’ (40.0%) were most frequently treated with antibiotics
from the general antibiotic category ‘Other’. This category consisted of different types of
antibiotics, each of which was reported fewer than ten times.
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Sociodemographic variables associated with the prevalence of infections
during the study

The results from the regression analyses show different significant findings across the three
six-month periods. The results indicate that high infection rates occur simultaneously with a
high number of hospital admissions, which is the only variable that continues to be significant
throughout the entire period (Table 2).

The incremental inclusion of variables showed that the interaction term between ‘Ward type’
and ‘Percentage of nursing positions’ was the most important variable for explaining the
change in the number of infections. Over the three time periods, this variable accounted for
11.99, 12.64 and 18.10% (adjusted R-squared) of the change in infection prevalence,
respectively. In the last period, the hospital admissions variable was the most significant for
explaining infection prevalence, accounting for 20.83%.

Table 2. Association between different sociodemographic variables and infection prevalence

First 6 months Middle 6 months Last 6 months

B 95% Cl | p-value B 95% Cl | p-value B 95% Cl | p-value
Bivariate analyses
Occupancyrate | -0021 9011 0037 |-0049 007210 <o00 | -om2 %290 0004
Eﬁ:g;’g‘;‘)ﬁﬁ;n o | 0197 %32 <o001| 0195 %20 <0001 | 0200 %159 <0.001
Type of ward 1.513 152';;1:10 <0.001 | 1441 1'235;0 <0.001 | 2.838 2;23;0 < 0.001
HospIe . 0.425 Og_ggg" 0.001 | 0.879 0'15_?926“’ <0.001 | 2.698 2;_82250 < 0.001
Mortality 0220 %301 o558 | 1052 O930°1° o006 | 2487 52510 <o.001
EoRSHCeriot 0027 293710 <0.001|-0003 Q05 0658 | -0007 4ot 0350
et | ors 0082 <aom o008 0B° orss | coms S0 e
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Multivariate analyses

-5.544 to -6.125to 7.406 to
Constant 2116 ~0.689 0.012 3.729 ~0.253 0.033 | 15.506 23606 < 0.001
Proportion a -0.022 to -0.003 to _ -0.022 to
o women 0.011 0.001 0.069 0.010 0.024 0120 0.007 0009 0.399
Proportion of -0.000 to 0.000 to 0.001 to
residents = 85 years 0000 0.012 CRO 0,007 0.012 a.0a7 007 0.014 0:020
0.015to -0.008 to -0.230 to
QOccupancy rate 0.041 0.067 0.002 | 0.024 0.056 0.141 0.152 -0.075 ° 0.001
Hospital 0.169 to 0.435 to 1.035 to
admiselons 0.412 0.654 0.001 0.751 1.066 <0.001 | 1478 1920 < 0.001
; -1.245 to -0.264 to 0.963 to
Mortality 0.573 0100 0.095 | 0.454 1172 0.215 1.452 1.941 < 0.001
Percentage of -0.024 to 0.003 to -0.051 to
nursing positions 0.054 0132 0174 0.095 0188 0.042 0.049 0149 0.337
-9.421to -24.146 to 16.780 to
Type of ward -2.180 = 061 0.554 |[-15.545 6944 ° 0.001 | 22.549 28319 < 0.001
Interaction term
between type N _
of ward and 0329 SN0 0321 | 1492 %P0 <000 [ 1710 220210 <o.001
percentage of ’ ' ’
hursing positions
Adjusted R-squared 0.223 0.197 0.489

Abbreviations: B = regression coefficient, Cl = confidence interval
Bold highlighting indicates significant p-value.
Fixed-effects linear regression analyses were performed.

Discussion

This study is the first in Norway to monitor infections and antibiotic use in a sample of nursing
homes over an 18-month period. It describes the prevalence of various types of infections and
the antibiotics most frequently used in nursing homes.

Most infections originate in nursing homes

A full 88% of all identified infections in this study originated in nursing homes, and many of
these could likely have been avoided with better infection prevention (9, 16). In 2022, Norway's
Cause of Death Registry showed that infectious diseases, COVID-19, influenza and pneumonia
were the cause of 3161 of the 24 809 deaths in healthcare institutions outside the hospital
setting. This makes infections the third most common cause of death in healthcare institutions
outside the hospital setting, surpassed only by tumours and cardiovascular diseases (18).

Unlike tumours and cardiovascular diseases, most infections are contagious and can be
prevented in nursing homes. Nursing home residents are generally vulnerable due to their
advanced age, multimorbidity (13-15) and reduced intrinsic capacity. This makes nursing home
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residents particularly susceptible to infections and the severe consequences of these (2, 9, 16,
17).

In addition, older adults often experience atypical symptoms and can find it difficult to convey
relevant symptoms to healthcare personnel (15, 22). These factors combined can lead to
delayed initiation of necessary treatments as well as a more severe course of disease, such as
hospitalisation, sepsis and death (15). Hand hygiene is the most important and cost-effective
measure we have to prevent the spread of infection (8).

Previous findings from this research project have shown just 58% hand hygiene adherence in
nursing homes (23), but multimodal interventions could improve this (24). However, the
transmission of infection is complex, and good hand hygiene alone will not prevent all
infections. Continuous infection surveillance will enable a rapid response with appropriate
infection control measures, thus reducing the number of residents infected.

Antibiotic use in nursing homes

The antibiotics most commonly used in our study were largely consistent with those most
frequently prescribed to patients over the age of 75 in 2020, as reported in the Norwegian
Prescription Database (25). Broad-spectrum antibiotics are the standard treatment for various
infections (20), which may explain the prominence of several broad-spectrum antibiotics in our
study.

It was not possible in our study to investigate whether antibiotics were prescribed with the
correct indication. Errors and unnecessary use of antibiotics contribute to increased
development of resistance, with broad-spectrum antibiotics fostering greater resistance than
narrow-spectrum antibiotics (26).

One of the differences in our study from the Norwegian Prescription Database is that neither
methenamine nor nitrofurantoin is frequently used. Neither of these antibiotics has been
subscribed more than ten times during the 18-month period and they are therefore classified
in the ‘Other’ category in this study. In the Norwegian Prescription Database, methenamine
and nitrofurantoin were the sixth and eighth most used antibiotics in 2020 in the over 75 age
group (25).

Methenamine, with the most recognised brand name Hiprex, is classified as an antibacterial
agent with antiseptic properties. It is used for long-term prevention of chronic recurrent
urinary tract infections (27). A 2016 study showed that Norway had the highest methenamine
use in the EU/EEA (28).

The low reported use of this medication in our study is therefore surprising. One possible
reason may be that nursing home doctors have become more restrictive in prescribing the
medication. Research on the preventive effect of methenamine has been inconclusive (29).
Consequently, there has not been a clear recommendation to use methenamine (30).



However, compelling evidence has recently emerged indicating that the medication may have
a preventive effect, but only if the urine has the correct pH level and the substance it converts
into, formaldehyde, is present at a certain concentration and remains in the bladder for a
specific duration. It is not therefore expected that patients with permanent urinary catheters
will benefit from methenamine (29).

Nursing home doctors may have taken this into account, which could explain the reduced use.
However, it remains unclear whether the reduced use of methenamine has led to an increase
in the use of another antibiotic. Methenamine is an antiseptic agent, and there is currently no
evidence that it leads to increased antimicrobial resistance (30). Consideration should
therefore be given to whether the use of methenamine is more beneficial than the increased
antimicrobial resistance that stems from recurrent urinary tract infections treated with
antibiotics (31).

Another reason for the low reported methenamine use could be that the nursing homes in the
study did not think to include preventive antibiotic treatment. Although the reports have shown
a few instances of preventive treatment, there have been fewer than ten cases per antibiotic,
and this has not therefore been highlighted in the study.

Number of infections varied throughout the data collection period

Many infections exhibit a seasonal trend, with a higher incidence in winter (32). It was
therefore interesting to observe the seasonal effects on the number of infections in this study.
The interaction term was the primary explanatory variable in the model, indicating that the
interplay between ward type and the number of nursing positions was significant. In the
middle six months, wards with more nursing positions also had a higher number of infections.
We can interpret this to mean that nurses are more likely to detect and report infections.

Ward type is the significant finding with the greatest association with infection incidence. In
the last six months, infections increased in short-term care units, which may be due to a
higher number of patients being admitted with infections in these units.

In the middle six months, the short-term care units had fewer infections than the long-term
care units. It is difficult to know why, but various factors related to the pandemic may have
impacted on our results. In the first six months of this study, there were fewer infections and
deaths in Norway than would normally be expected (33), and this is likely due to the COVID-19
vaccine and stringent restrictions.

During the middle six months, infections and hospital admissions both increased in the
autumn, which led to further lockdowns (34). Norway experienced an excess mortality of
11.8% in 2022 (33) in the last six months of the study, when the number of infections and
hospital admissions during the pandemic peaked (34).

COVID-19 may have impacted on the organisation of nursing homes, leading to more patients
who would normally be admitted to short-term care units being admitted to hospital or a



dedicated COVID-19 ward instead. Hospital admissions are the only explanatory variable that
remains significant across all three time periods.

However, the incremental inclusion of variables in the regression analysis shows that hospital
admissions have a different explanatory power in the model and are the primary explanatory
variable in the last six months. These findings support the interpretations above. Although
nursing homes are now dealing with many infections independently and administering more
intravenous therapy (35), an increasing number of residents are in such poor health that they
require hospitalisation for proper treatment (15).

Strengths and weaknesses

The use of self-reporting questionnaires in the study was a limitation that led to incomplete
reporting many weeks from some wards. Additionally, the reports may have been influenced
by the person submitting them. Consequently, they do not necessarily reflect the full picture.

Although most reports were submitted in the same week they pertained to, retrospective
reporting was also possible. This may have led to recall bias, as the staff might not accurately
have remembered how many infections occurred going back in time.

Another weakness of the study is that we did not follow individual residents over time, so we
do not know their outcomes or if certain residents experienced recurrent infections.

COVID-19 may also have had an impact on the results as it entailed periods with higher
infection rates than normal but also stringent restrictions to prevent transmission. The
consequence was periods with fewer infectious diseases than usual in the Norwegian
population.

Nevertheless, the strength of the study lies in its weekly reporting over an 18-month period,
which allowed us to observe the infection rate over time rather than just presenting a
snapshot. The study includes various nursing home wards from nine different nursing homes.
It also encompassed all types of infections and was not limited to the most common HAls.

Conclusion

The findings from this study show that most infections in nursing home residents originated in
the nursing home. Infections can cause suffering for nursing home residents, leading to
hospitalisation and increasing the risk of death. Many of these infections could have been
avoided with better infection prevention measures. Continuous infection surveillance in nursing
homes must be prioritised to quickly control potential outbreaks.

The high proportion of infections treated with antibiotics in our study is surprising. Increased
knowledge and awareness of recommended treatments for infections in nursing homes may
help reduce the high use of antibiotics in these institutions. Reducing antibiotic use is a
national goal and could also help to decrease antibiotic resistance.



Funding

This study is part of a doctoral project funded by the Norwegian Nurses Organisation,
reference number 4207.

The authors declare no conflicts of interest.

ro-

Open access CC BY 4.0

HEIGHTENED MORTALITY RISK: Of all new infections reported in the 18-month period, 91.8%
originated in the nursing home. A total of 88.2% were treated with antibiotics. /llustration
photo: Nimito / Shutterstock / NTB

1. Hocine MN, Temime L. Impact of hand hygiene on the infectious risk in nursing home
residents: a systematic review. Am J Infect Control. 2015;43(9):e47-52. DOI:
10.1016/j.jic.2015.05.043

2. Helse- og omsorgsdepartementet. Sykehjem — forekomst av helsetjenesteassosierte
infeksjoner [Internet]. Oslo: Helse- og omsorgsdepartementet; 2023 [cited 20 June 2024].
Available

from: https://www.helsedirektoratet.no/statistikk/kvalitetsindikatorer/infeksjoner/forekomst-
av-helsetjenesteassosierte-infeksjoner-i-norske-
sykehjem#:~:text=Andelen%20helsetjenesteassosierte%20infeksjoner%20blant%20beboere,gjt

3. World Health Organization (WHO). People-centred approach to addressing
antimicrobial resistance in human health: WHO core package of interventions to support
national action plans. Geneva: WHO; 2023.

4. United Nations Environment Programme (UNEP). Bracing for superbugs: strengthening
environmental action in the One Health response to antimicrobial resistance. Geneva: UNEP;


https://creativecommons.org/licenses/by/4.0/deed.no
https://doi.org/10.1016/j.ajic.2015.05.043
https://www.helsedirektoratet.no/statistikk/kvalitetsindikatorer/infeksjoner/forekomst-av-helsetjenesteassosierte-infeksjoner-i-norske-sykehjem#:~:text=Andelen%20helsetjenesteassosierte%20infeksjoner%20blant%20beboere,gjeldende%20fra%20og%20med%202020

2023.

d. Helse- og omsorgsdepartementet. Handlingsplan for et bedre smittevern med det mal a
redusere helsetjenesteassosierte infeksjoner 2019-2023. Oslo: Helsedirektoratet; 2019.

6. Mglsaeter A, Henni S, Opheim R, Haye S, Bargsund E. Antibiotikasmarte
sykepleierstudenter? Sykepleierstudenters kunnskap og egenvurdert kompetanse om
antibiotikabruk og -resistens. Sykepleien Forsk. 2023;18(93743):e-

93743. DOI: 10.4045/tidsskr.18.0817

7. U.S. Centers for Disease Control and Prevention (CDC). Controlling the emergence and
spread of antimicrobial resistance [Internet]. CDC; 17 April 2024 [cited 20 June 2024].
Available from: https://www.cdc.gov/antimicrobial-resistance/prevention/?
CDC_AAref_Val=https://www.cdc.gov/drugresistance/actions-to-fight.ntml

8. World Health Organization (WHO). WHO guidelines on hand hygiene in health care.
Geneva: WHO; 2009.

9. Koch AM, Eriksen HM, Elstrem P, Aavitsland P, Harthug S. Severe consequences of
healthcare-associated infections among residents of nursing homes: a cohort study. J Hosp
Infect. 2009;71(3):269-74. DOI: 10.1016/}.jhin.2008.10.032

10. Suetens C, Latour K, Karki T, Ricchizzi E, Kinross P, Moro ML, et al. Prevalence of
healthcare-associated infections, estimated incidence and composite antimicrobial resistance
index in acute care hospitals and long-term care facilities: results from two European point
prevalence surveys, 2016 to 2017. Euro Surveill. 2018;23(46):1800516. DOI: 10.2807/1560-
7917.ES.2018.23.46.1800516

1. Thomas RE. Reducing morbidity and mortality rates from COVID-19, influenza and
pneumococcal iliness in nursing homes and long-term care facilities by vaccination and
comprehensive infection control interventions. Geriatrics. 2021;6(2):48.

DOI: 10.3390/geriatrics6020048

12. Telle KE, Grgsland M, Helgeland J, Haberg SE. Factors associated with hospitalization,
invasive mechanical ventilation treatment and death among all confirmed COVID-19 cases in
Norway: prospective cohort study. Scand J Public Health. 2021;49(1):41-7. DOI:
10.1177/1403494820985172

13. Strand BH, Berg CL, Syse A, Nielsen CS, Skirbekk VF, Hansen T, et al. Helse hos eldre i
Norge 2023 [Internet]. Oslo: Folkehelseinstituttet; 17 September 2014 [updated 13 March
2023; cited 20 June 2024]. Available from: https://www.fhi.no/nettpub/hin/grupper/eldre/?
term=angst&h=1

14. Yoshikawa TT, Norman DC. Geriatric infectious diseases: current concepts on diagnosis
and management. J Am Geriatr Soc. 2017;65(3):631-41. DOI: 10.1111/jgs.14731



http://dx.doi.org/10.4045/tidsskr.18.0817
https://www.cdc.gov/antimicrobial-resistance/prevention/?CDC_AAref_Val=https://www.cdc.gov/drugresistance/actions-to-fight.html
https://doi.org/10.1016/j.jhin.2008.10.032
https://doi.org/10.2807/1560-7917.ES.2018.23.46.1800516
https://doi.org/10.3390/geriatrics6020048
https://doi.org/10.1177/1403494820985172
https://www.fhi.no/nettpub/hin/grupper/eldre/?term=angst&h=1
https://doi.org/10.1111/jgs.14731

15. Montoya A, Cassone M, Mody L. Infections in nursing homes: epidemiology and
prevention programs. Clin Geriatr Med. 2016;32(3):585-607. DOI: 10.1016/j.cger.2016.02.004

16. Montoya A, Mody L. Common infections in nursing homes: a review of current issues
and challenges. Aging Health. 2011;7(6):889-99. DOI: 10.2217/AHE.11.80

17. Dick A, Sterr CM, Dapper L, Nonnenmacher-Winter C, Gunther F. Tailored positioning
and number of hand rub dispensers: the fundamentals for optimized hand hygiene
compliance. J Hosp Infect. 2023;141:71-9. DOI: 10.1016/j.jhin.2023.08.017

18. Folkehelseinstituttet. Deadsarsaksregisteret — statistikkbank 2023 [Internet]. Oslo:
Folkehelseinstituttet; 2023 [updated 8 June 2023; cited 3 March 2024]. Available from:
https://statistikkbank.fhi.no/dar/

19. Universitetet i Oslo. Tjeneste for Sensitive Data (TSD) [Internet]. Oslo: Universitetet i
Oslo, n.d. [cited 28 September 2024]. Available from:
https://www.uio.no/tjenester/it/forskning/sensitiv/

20. Helsedirektoratet. Antibiotika i primaerhelsetjenesten 2024 [Internet]. Oslo:
Helsedirektoratet; 1 November 2012 [updated 3 January 2024; cited 3 March 2024]. Available
from: https://www.helsedirektoratet.no/retningslinjer/antibiotika-i-primaerhelsetjenesten

21. Nasjonal kompetansetjeneste for antibiotika i spesialisthelsetjenesten (KAS). Den
europeiske antibiotikadagen. Materiell til markering av Antibiotika-uken 2022 [Internet].
Antibiotika.no; n.d. [updated 30 March 2023; cited 20 June 2024]. Available

from: https://www.antibiotika.no/2022/11/03/materiell-til-markering-av-antibiotika-uken-

2022/

22. Cohen CC, Dick AW, Agarwal M, Gracner T, Mitchell S, Stone PW. Trends in antibiotics
use among long-term US nursing-home residents. Infect Control Hosp Epidemiol.
2021:;42(3):311-7. DOI: 10.1017/ice.2020.422

23. Sandbekken IH, Hermansen A, Utne |, Grov EK, Loyland B. Students’ observations of
hand hygiene adherence in 20 nursing home wards, during the COVID-19 pandemic. BMC
Infect Dis. 2022;22(1):156. DOI: 10.1186/s12879-022-07143-6

24. Sandbekken IH, Utne |, Hermansen A, Grov EK, Loyland B. Impact of multimodal
interventions targeting behavior change on hand hygiene adherence in nursing homes: an 18-
month quasi-experimental study. Am J Infect Control. 2024;52(1):29-34. DOI:
10.1016/j.ajic.2023.07.005

25. Folkehelseinstituttet. Velkommen til Reseptregisteret [Internet]. Oslo:
Folkehelseinstituttet; n.d. [updated April 2021; cited 3 March 2024]. Available
from: http://www.reseptregisteret.no/

26. Astrup E, Blix H, Eriksen-Volle H, Litleskare |, Elstrem P. Antibiotikaresistens i Norge
[Internet]. Oslo: Folkehelseinstituttet; 2021 [cited 22 May 2024]. Available


https://doi.org/10.1016/j.cger.2016.02.004
https://doi.org/10.2217/AHE.11.80
https://doi.org/10.1016/j.jhin.2023.08.017
https://statistikkbank.fhi.no/dar/
https://www.uio.no/tjenester/it/forskning/sensitiv/
https://www.helsedirektoratet.no/retningslinjer/antibiotika-i-primaerhelsetjenesten
https://www.antibiotika.no/2022/11/03/materiell-til-markering-av-antibiotika-uken-2022/
https://doi.org/10.1017%2Fice.2020.422
https://doi.org/10.1186/s12879-022-07143-6
https://doi.org/10.1016/j.ajic.2023.07.005
http://www.reseptregisteret.no/

from: https://www.fhi.no/he/folkehelserapporten/smitte/resistens/

27. Felleskatalogen. Felleskatalogen [Internet]. Oslo: Felleskatalogen; n.d. [cited 28
September 2024]. Available from: www.felleskatalogen.no

28. European Centre for Disease Prevention and Control (ECDC). ECDC country visit to
Norway to discuss antimicrobial issues 12-16 March 2018. Stockholm: ECDC; 2019.

29. Regionale legemiddelinformasjonssentre (Relis). Metenamin (Hiprex) som profylakse
ved residiverende urinveisinfeksjoner [Internet]. Relis; 14 March 2023 [cited 3 March 2024].
Available from: https://relis.no/artikler/32945/

30. Heltveit-Olsen SR, Sundvall PD, Gunnarsson R, Arnljots ES, Kowalczyk A, Godycki-
Cwirko M, et al. Methenamine hippurate to prevent recurrent urinary tract infections in older
women: protocol for a randomised, placebo-controlled trial (ImpresU). BMJ Open.
2022;12(11):e065217. DOI: 10.1136/bmjopen-2022-065217

31. Davidson SM, Brown JN, Nance CB, Townsend ML. Use of methenamine for urinary
tract infection prophylaxis: systematic review of recent evidence. Int Urogynecol J.
2024;35(3):483-89. DOI: 10.1007/s00192-024-05726-2

32. Moriyama M, Hugentobler WJ, Iwasaki A. Seasonality of respiratory viral
infections. Annu Rev Virol. 2020;7(1):83-101. DOI: 10.1146/annurev-virology-012420-022445

33. Knudsen AKS, Forthun |, Madsen C, Dahl J, Lyngstad TM, Tvedten HM, et al. Dadelighet
i Norge under koronapandemien 2020-2023. Oslo: Folkehelseinstituttet; 2024.

34. Folkehelseinstituttet. Ukerapporter om covid-19, influensa og andre luftveisinfeksjoner
[Internet]. Oslo: Folkehelseinstituttet; n.d. [updated 26 September 2024; cited 28 September
2024]. Available from: https://www.fhi.no/publ/statusrapporter/luftveisinfeksjoner/

35. Sandbekken IH, Hermansen A, Grov EK, Utne |, Loyland B. Surveillance of infections
and antibiotic use in 21 nursing home wards during the COVID-19 pandemic: a systematic
assessment. Int J Environ Res Public Health. 2024;21(3):358. DOI: 10.3390/ijerph21030358



https://www.fhi.no/he/folkehelserapporten/smitte/resistens/
http://www.felleskatalogen.no/
https://relis.no/artikler/32945/
https://doi.org/10.1136/bmjopen-2022-065217
https://doi.org/10.1007/s00192-024-05726-2
https://doi.org/10.1146/annurev-virology-012420-022445
https://www.fhi.no/publ/statusrapporter/luftveisinfeksjoner/
https://doi.org/10.3390/ijerph21030358

