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Sammendrag

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 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.
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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 HAls 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 HAIs 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

5917% (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

Cefalexin
Doxycycline
Ceftriaxone
Clindamycin
Benzylpenicillin

Chloramphenicol

Combination of
different types

Ciprofloxacin
Trimethoprim
Cefotaxime
Phenoxymethylpenicillin

Dicloxacillin

Other
Pivmecillinam

Amoxicillin

Trimethoprim-
sulfamethoxazole

100 120 140 160

(=]
e
o
B
[=]
()]
(=]
o]
o

B Standard treatment for one or more infections
B Not recommended as standard treatment

MNot included in the list from Northern Norway
Regional Health Authority’s Regional Centre
for Infection Control (KORSN) (21)

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 90 0037 | -0049 027210 <0001 | -0m2 %1891 0,004
ﬁﬁ;g;’giﬁi‘:{on o | 0197 032‘; S <0001 | 0195 O&‘;ﬁé" <0.001 | 0.209 0823 & <0001
Type of ward 1.513 1'12_;?;0 <0.001 | 1.441 1'?.3(1)1“’ <0.001 | 2.838 2'3323;0 < 0.001
el 0.425 0(';_258;" 0.001 | 0.879 O'Efgzsto <0.001 | 2.698 2;_827[’];0 < 0.001
Mortality ~0.220 '065_’55167t° 0558 | 1.052 O'f_ggom 0.006 | 2.487 1'3_?3 éo < 0.001
Proportion of 0027 29371 <0.001|-0003 3091 oess |-0.007 QOZIO 0359
Proporfon ot years | ~0.013 001810 <0.001|-0004 OO0 0154 |-0003 %O 0386
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Multivariate analyses

Constant 2116 Opesd 0012 |-3720 02010 0033 [ 15506 ao O <0.001

Proportion _ -0.022 10 -0.003 to _ -0.022 to

i it 0.0M 0.001 0.069 | 0.010 0.024 0.120 0.007 0009 0.399

Proportion of -0.000 to 0.000 to 0.007 to

residents = 85 years /006 0.012 o7 0007 0.012 0:037 0007 0.014 0:020

Occupancy rate | 0.041 0'0082;0 0.002 | 0.024 _060(?586“’ 0141 | -0.152 _9'023%0 < 0.001

Hospital 0169 to 0.435 to 1.035to

admisslona 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

ehiaiposilions 0.054 0132 0174 | 0.095 0188 0.042 | 0.049 0149 0.337

Type of ward 2180 parC 0554 |-15545 22000 <0001 | 22549 5750 <0.001

Interaction term

between type _ _

of ward and 0320 93010 0321 | 1492 %/ <0001 [ 1710 229310 <o.001

percentage of . ' ’

nursing 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).
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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 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.
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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.
lllustration photo: Nimito / Shutterstock / NTB
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