ORIGINAL ARTICLE

Broad-spectrum antibiotics
In Norwegian hospitals

BACKGROUND One of the goals in the Action plan against antibiotics resistance in the health
services is to reduce the use of broad-spectrum antibiotics in Norwegian hospitals. This
article describes how broad-spectrum antibiotics highlighted in the action plan were pre-
scribed in Norwegian hospitals in the spring of 2016, and assesses if the prescribing habits
complied with the guidelines for the use of antibiotics in hospitals.

MATERIAL AND METHOD Data were extracted from an anonymised point prevalence survey
undertaken in May 2016, in which all systemic use of antibiotics in Norwegian hospitals was

registered.

RESULTS Broad-spectrum antibiotics accounted for 33 % of all prescriptions of antibiotics
in the survey. Altogether 84 % of the broad-spectrum antibiotics were administered as treat-
ment, while 8 % were administered as prophylaxis and 8 % were classified as other/unknown.
Lower respiratory tract infection was the most frequent indication for treatment with broad-
spectrum antibiotics and accounted for 30 % of all treatment with these antibiotics.

INTERPRETATION This point prevalence survey in Norwegian hospitals in the spring of 2016
indicates that a reduced use of broad-spectrum antibiotics is possible, including treatment
of lower respiratory tract infections and for prophylactic purposes. Reducing healthcare-
associated infections would additionally reduce the use.

Reducing overconsumption and misuse of
antibiotics, and the broad-spectrum types in
particular, is crucial for limiting the preva-
lence of antibiotic-resistant microbes. Broad-
spectrum antibiotics should only be used in
cases of severe illness (1, 2).

When seen in an international context, the
situation in Norway is relatively favourable
(3), but resistance to antibiotics is never-
theless on the rise (1).

One of the goals in the Action plan
against antibiotics resistance in the health
services is to reduce the consumption of
broad-spectrum antibiotics in hospitals by
30 % before 2020 compared to 2012 levels
(2). The sales of broad-spectrum antibiotics
to hospitals were reduced by 6 % between
2012 and 2015 (1). This may indicate a
higher awareness related to the use of these
drugs in Norwegian hospitals. The national
guidelines for the use of antibiotics in hospi-
tals (hereafter referred to as «the guide-
lines»), published in June 2013, may have
contributed to this reduction (4).

Sales figures provide an overview of anti-
biotics procured, while prevalence surveys
of antibiotic use provide an overview of
drugs that have been prescribed and the
indications for prescribing them. This ena-
bles an assessment of whether the prescri-
bing practices were in accordance with the
guidelines. The prevalence surveys of anti-
biotic use are organised by the Norwegian
Institute of Public Health semi-annually (5),
and have been mandatory since May 2015.
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The objective of this paper was to describe
how the broad-spectrum antibiotics referred
to in the action plan were used in Norwegian
hospitals. We also wanted to assess whether
this use complied with the guidelines, and
whether there was potential for further re-
ductions in antibiotic use.

Material and method

We used data from the third nationwide man-
datory prevalence survey. All ongoing sys-
temic courses of antibiotics (except tuber-
culostatics) at 08: 00 on 11 May 2016 were
registered according to a template found on
the website of the Norwegian Institute of
Public Health (6). The total number of hospi-
talised patients was recorded.

When antibiotics were prescribed, the reg-
istration included the patients’ gender and
age group, indication for the prescription,
whether the drug was administered for pur-
poses of treatment or prophylaxis, and the
prescribing doctor’s specialty. The registra-
tion also included whether antibiotics were
administered against healthcare-associated
infections — defined as infections that oc-
curred two days or later after admission to
hospital — or post-operative infections. All
other infections were registered as commun-
ity-acquired infections. The duration of the
courses of antibiotics and comorbidity were
not registered.

Forms were completed by a doctor or
pharmacist in each hospital department (6).
Quality control was performed by an infec-
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MAIN MESSAGE

This point prevalence survey from spring
2016 identified that broad-spectrum anti-
biotics highlighted in the Action plan against
antibiotics resistance in the health services
accounted for 33 % of all antibiotics pre-
scribed in Norwegian hospitals.

Lower respiratory tract infection was the
most frequent indication for treatment with
broad-spectrum antibiotics, and accounted
for 30 % of all treatment with broad-spec-
trum antibiotics.

The results indicate that a reduction in the
use of broad spectrum antibiotics is achiev-
able, including in the treatment of lower
respiratory tract infection as well as for
prophylactic purposes.
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All prescriptions
N =3 407 (100 %)

Broad-spectrum: n=1125
(33 % of all prescriptions)

Treatment

Broad-spectrum: n = 939

All treatment: n = 2 533 (74 %)

(84 % of all broad-spectrum)

Prophylaxis
All prophylaxis: n = 641 (19 %)

Broad-spectrum: n = 96
(8 % of all broad-spectrum)

Other/unknown

Prescriptions classified as
other/unknown: n =233 (7 %)

Broad-spectrum: n =90
(8 % of all broad-spectrum)

Healthcare-associated
infections

All prescriptions n = 674 (20 %)

Broad-spectrum: n = 268
(24 % of all broad-spectrum)

Community-acquired
infections
All prescriptions n = 1 859 (54 %)

Broad-spectrum: n = 671
(60 % of all broad-spectrum)

Figure 1 Overview of the total number [proportion of all] prescriptions for antibiotics and the number [proportion] of prescriptions for broad-spectrum antibiotics in Nor-

wegian hospitals on 11 May 2016

tion control practitioner (doctor or nurse) in
each hospital, before data were submitted
electronically to the Norwegian Institute of
Public Health.

Broad-spectrum antibiotics have been
defined in accordance with the action plan as
piperacillin with enzyme inhibitor, second
and third generation cephalosporins, quino-
lones and carbapenems (2).

The data were collected under the Regula-
tions for the Norwegian surveillance system
for antibiotic use and healthcare-associated
infections (5). No further approvals were
required.

The diagrams and estimates were made
with the aid of Excel 2013 MSO (Microsoft
Corp., Washington, USA).

Results
All antibiotics prescribed
For the survey in May 2016, all health institu-
tions in Norway submitted data. Results from
58 hospitals were included. A total of 10 085
patients were registered as hospitalised on the
day of'the survey, of whom 2 780 (28 %) were
given 3407 courses of systemic antibiotics
(Figure 1). A total of 674 prescriptions for
treatment of healthcare-associated infections
were issued for 526 patients, implying a pre-
valence of 5.2 %.

Broad-spectrum antibiotics accounted for
33 % of all prescriptions of antibiotic drugs
(Figure 1). Out of 1125 prescriptions of
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broad-spectrum drugs, 939 (84%) were
administered as treatment and 96 (8 %) as
prophylaxis, whereas 90 (8 %) were classi-
fied as unknown/other (Figure 1). Of the
broad-spectrum antibiotics, piperacillin with
an enzyme inhibitor and third-generation
cephalosporins were most frequently pre-
scribed, in total accounting for 23 % of all
prescriptions.

Treatment with broad-spectrum antibiotics
A total of 939 prescriptions of broad-spec-
trum antibiotics were issued for 916 patients.
Of these, 893 received one broad-spectrum
drug, alone or in combination with narrow
spectrum antibiotics, while 23 patients recei-
ved a combination of two broad-spectrum
antibiotics (Table 1).

Broad-spectrum antibiotics accounted for
268 of 674 prescriptions (40 %) for treat-
ment of healthcare-associated infections.
Treatment of community-acquired infec-
tions accounted for 671 of a total of 1 859
prescriptions (36 %) (Figure 1).

Both the total number of prescriptions and
the proportion of broad-spectrum antibiotics
increased with increasing age of the patient.
In children and adolescents (0—19 years), the
broad-spectrum antibiotics accounted for 52
out of 246 prescriptions (21 %), in the age
group 20—29 years they accounted for 27 out
of 101 prescriptions (27 %). In patients aged
30 years or older, this applied to 859 out of

2 192 prescriptions (39 %). Altogether 458
(49 %) of all courses of broad-spectrum anti-
biotics were administered to patients who
were 70 years or older. For six prescriptions
the age of the patient was not recorded,
including one for broad-spectrum antibiotics.

Among men, 542 out of 1 388 antibiotic
treatments (35 %) involved broad-spectrum
drugs, while in women this applied to 397
out of 1 145 prescriptions (30 %).

Internal medicine specialists prescribed 526
of the broad-spectrum antibiotics (56 %), sur-
geons 289 (31%) and other specialists 124
(13%). Doctors at internal medicine depart-
ments prescribed third-generation cephalo-
sporins most frequently — 239 prescriptions,
72 % of all prescriptions of this group of anti-
biotics. Doctors in surgical departments mostly
prescribed piperacillin with an en-zyme inhibi-
tor — 166 prescriptions, 49 % of all prescrip-
tions of this drug.

Indications for treatment

with broad-spectrum antibiotics

Among patients with community-acquired
lower respiratory tract infections, altogether
185 out of 515 (36 %) were treated with at
least one broad-spectrum antibiotic. For
healthcare-associated lower respiratory tract
infections, this proportion amounted to 85
out of 117 (73 %) (Table 1). For all lower
respiratory tract infections combined, 282 out
of 712 prescriptions (40 %) involved broad-
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M Broad-spectrum antibiotics

Phenoxymethyl- and benzylpenicillin (n = 439) i
Piperacillin with an enzyme inhibitor (n = 399) .
Third-generation cephalosporins (n =391) i
Amoxycillin and ampicillin (n = 252]7
Cloxacillin og dicloxacillin [n = 243]7
Metronidazole (n = 222]7

Sulphonamides and trimethoprim (n = 220]7
First-generation cephalosporins (n = 201]7
Aminoglycosides (n = 187]7

Quinolones (n = 151]7

Clindamycin (n = 148]7

Carbapenems (n = 109) i

Mecillinam and pivmecillinam (n = 108) .
Vancomycin (n = 92) i

Second-generation cephalosporins (n = 75]7

Other antibiotics (n = 170)

M All other antibiotics

2 4 6 8 10 12 14

Prosent

Figure 2 Proportions of the various drugs among all prescriptions [prophylaxis and treatment] in Norwegian
hospitals on 11 May 2016 [N = 3 407] Other antibiotics: doxycycline 45, methenamine 32, rifampicine 32 [indica-
tions other than tuberculosis), erythromycin 20, linezolid 14, nitrofurantoin 10, azithromycin 9, cephazolin 2,
cephtarolin 2, clarithromycin 2, chloramphenicol 1, aztreonam 1

spectrum antibiotics. These 282 prescriptions
accounted for 30% of all broad-spectrum
antibiotic treatment. The most frequently
used drugs were third-generation cephalo-
sporins and piperacillin with an enzyme inhi-
bitor, which accounted for 49 % and 33 %
respectively of the prescriptions of broad-
spectrum drugs for this indication.
Altogether 136 out of 171 patients (80 %)
were treated with broad-spectrum antibiotics
for intra-abdominal infections (Table 1). Pipe-
racillin with an enzyme inhibitor accounted
for 74 % of these prescriptions.
Broad-spectrum antibiotics were adminis-
tered to 121 out of 225 patients (54 %) with
septicaemia, bloodstream infections or neu-
tropenic fever (Table 1). Here, third-genera-
tion cephalosporins accounted for 43 % and
piperacillin with an enzyme inhibitor for
27 % of the broad-spectrum prescriptions.
Broad-spectrum antibiotics were admi-
nistered for treatment of 108 patients with
urinary tract infections. Approximately the
same number were treated for lower (n = 55)
and upper (n = 53) urinary tract infections.
These accounted for 25 % and 54 % respec-
tively of all patients with these two indica-
tions. Here, third-generation cephalosporins
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accounted for 50 out of 109 (46 %) prescrip-
tions of broad-spectrum drugs.

Microbiological testing

A microbiological sample was collected prior
to 678 out of 939 prescriptions (72 %) of
broad-spectrum antibiotics, and prior to 1 237
out of 1594 prescriptions (78%) of other
antibiotics.

This proportion was highest for cases of
septicaemia, bloodstream infections and
neutropenic fever, for which a microbiologi-
cal sample was collected prior to 93 % of the
prescriptions of broad-spectrum antibiotics,
and 87 % of the prescriptions of other anti-
biotics. The lowest proportion was for cases
of intra-abdominal infection, with 50 % and
52 % of the prescriptions respectively. For
the remaining indications, the proportion
varied between 65 % and 80 %.

Prophylaxis

A total of 96 out of 641 prophylactic prescrip-
tions (15%) involved broad-spectrum anti-
biotics. Altogether 77 of these were admini-
stered as surgical prophylaxis, whereof 36
(47 %) involved piperacillin with an enzyme
inhibitor. There were 19 prescriptions of

broad-spectrum antibiotics for purposes of
medical prophylaxis, whereof 12 (63 %)
involved third-generation cephalosporins.

Discussion

The proportion of patients who received
antibiotics and the proportion who received
broad-spectrum antibiotics in our survey
were similar to findings in other Scandina-
vian countries (7, 8). In most other coun-
tries, both of these proportions were signifi-
cantly higher (9—11).

Differences in terms of the occurrence of
resistant bacteria and varying prescribing
practices make it difficult to compare anti-
biotic use in Norway with practices outside
of Scandinavia (3). In all studies, however,
lower respiratory tract infections were the
most frequent indication for treatment with
antibiotics (7—11).

Treatment of lower

respiratory tract infections

The guidelines recommend penicillin as the
drug of choice for non-severe community-
acquired pneumonia. For severe pneumonia,
penicillin in combination with an aminogly-
coside or cefotaxime are recommended.

In cases of exacerbation of COPD,
amoxycillin and ampicillin are also recom-
mended (4). Despite this, in this survey we
found a considerable prescribing of third-
generation cephalosporins and piperacillin
with an enzyme inhibitor for treatment of
community-acquired lower respiratory tract
infections. The frequent prescribing of third-
generation cephalosporins may be due to the
fact that the guidelines can be perceived as
recommending cefotaxime as equivalent to
penicillin in combination with aminoglyco-
sides as the drugs of choice for severe pneu-
monia.

The proportion of patients with severe
pneumonia in this survey is unknown. In a
Norwegian study from 2016, the proportion
of patients with severe pneumonia amoun-
ted to 8-10% (12). This is significantly
lower than the proportion of patients who
received broad-spectrum antibiotics as treat-
ment for a lower respiratory tract infection
in this survey.

The guidelines recommend piperacillin
with an enzyme inhibitor as an alternative,
and not as a first choice, for treatment of
ventilator-associated pneumonia, severe
aspiration pneumonia or suspicion of multi-
drug-resistant bacteria (4). The proportion
of patients with these indications in this
study is unknown, but they commonly
account for a small minority of all patients
with infections in the lower respiratory tract
(2, 12).

For healthcare-associated pneumonia, either
penicillin (in combination with aminoglyco-
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Table 1 Treatment (not including prophylaxis) for various indications in Norwegian hospitals on 11 May 2016 (n = 2 533 prescriptions/2 097 patients)

Number of
Indication prescriptions
Community-acquired lower 583
respiratory tract infection
Healthcare-associated lower 129
respiratory tract infection
Intra-abdominal infection 214
Bloodstream infection, 303
septicaemia and neutropenic fever
Infection with an uncertain focus 193
without septicaemia/unknown
Surgical-site infection 242
Lower urinary tract infection 232
Upper urinary tract infection 117
Skin and soft-tissue infection 223
Other infections™ 297
Total 2533

Broad-spectrum
antibiotics, number
Number of of
patients treated patients (%)’

515 185 (36)
117 85 (73)
171 136 (80)
225 121 (54)
180 96 (53)
164 79 (48)
220 55 (25)
98 53 (54)
193 49 (26)
214 57 (27)
2097 916 (44)

Narrow-spectrum anti-
biotics recommended
in the guidelines?,

Other narrow-spec-
trum treatmentd,
number of patients

number of patients (%) (%)

171 (33)* 129 (25)
30 (6)°

17 (14)4 12 (10)
33

23 (13)¢ 12 (7)

43 [19)° 61(27)

84 (47)

85 (52)

112 (51)7 44.(20)
9 (4)®

13 (13)7 19 (20)
13 (13)8

97 (50 47 (24)

157 (73)

531 (25) 650 (31)

T Either alone or in combination with other antibiotics

2 Recommended in the guidelines for uncomplicated infections with an unknown microbe

3 Monotherapy or combination therapy
4 Penicillin or amoxycillin/ampicillin alone

® Penicillin or amoxycillin/fampicillin in combination with an aminoglycoside
¢ Ampicillin, aminoglycoside, metronidazole, trimethoprim-sulfa - two or more of these in combination

7 Piv-/mecillinam, trimethoprim/trimethoprim-sulfa
8 Ampicillin and aminoglycoside in combination

? Penicillin, clindamycin, cloxa-/dicloxacillin, either alone or in combination
10 Other infections: Infections in bones and joints (19 broad-spectrum prescriptions), infections in the central nervous system (n = 17), infections in the cardiovascular
system [n=11), infections in the eye, ear, nose, throat or mouth (n =8], gastroenteritis except antibiotic-associated diarrhoea (n = 2], obstetric or gynaecological infection,
including sexually transmitted infections in women (n = 1), prostatitis, epididymitis, including sexually transmitted infections in men (n = 1)

side) or cefotaxime are recommended. The
proportion of patients who received broad-
spectrum antibiotics was significantly higher
in the treatment of lower respiratory tract infec-
tions that were healthcare-related, rather than
community-acquired. Accordingly, the use of
broad-spectrum antibiotics may be reduced by
preventing infections in the lower respiratory
tract. One study has claimed that at least 20 %
of all healthcare-associated infections are
likely to be preventable (13).

This analysis indicates that the use of
broad-spectrum antibiotics against infec-
tions in the lower respiratory tract in Norwe-
gian hospitals can be reduced.

Treatment of intra-abdominal infections

The frequent prescribing of piperacillin with
an enzyme inhibitor to patients with an intra-
abdominal infection may be due to the fact
that the guidelines define this as a drug of
choice, equivalent to ampicillin/aminoglyco-
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sides/trimethoprim-sulfamethoxazole, optio-
nally in combination with metronidazole (4).

The proportion of prescriptions for broad-
spectrum antibiotics is, however, signifi-
cantly higher than the proportion for the
recommended narrow-spectrum antibiotics
for this indication. This may indicate that
broad-spectrum drugs are preferred over the
narrow-spectrum alternatives when these
are ranked equally in the guidelines.

Treatment of septicaemia, bloodstream
infections and neutropenic fever

In cases of septicaemia, bloodstream infec-
tions and neutropenic fever, penicillin in
combination with an aminoglycoside is the
recommended treatment. When there is sus-
picion of an origin in the urinary tract, ampi-
cillin and an aminoglycoside are recommen-
ded; when there is suspicion of an origin in
the abdomen, the addition of metronidazole
is recommended (4). In spite of this, both

third-generation cephalosporins and pipera-
cillin with an enzyme inhibitor were rela-
tively frequently prescribed for treatment of
these indications.

According to the guidelines, cefotaxime,
piperacillin with an enzyme inhibitor and
ciprofloxacin can be administered to patients
with these indications in cases of severe renal
failure (4, 14, 15). It is difficult to assess
whether the use of broad-spectrum antibio-
tics in our study complied with the guide-
lines, since the patients’ renal function was
unknown.

Treatment of urinary tract infections
Similarly, it is difficult to conclude whether
there is a potential for reduced use of broad-
spectrum antibiotics in treatment of lower uri-
nary tract infections and whether the guidelines
are being complied with, even though none of
the broad-spectrum drugs is recommended as
a drug of choice in the guidelines (4).
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The fact that the highest proportion of
broad-spectrum drugs is for cases of upper
urinary tract infections seems to be in com-
pliance with the guidelines, since cefotaxime
is recommended as equivalent to ampicillin
in combination with an aminoglycoside.

Microbiological testing

Microbiological testing occurred least fre-
quently for indications where collecting a
sample at the site of the infection was diffi-
cult or impossible, as in intra-abdominal
infections. It is nevertheless desirable to col-
lect a relevant microbiological sample as
often as possible before initiation of anti-
biotic treatment.

Prophylaxis

This survey identified instances where
broad-spectrum antibiotics were used as
prophylaxis, even though the guidelines do
not envisage such use. For prophylactic use,
the recommendations specify antibiotics
other than those used for treatment, in order
to avoid development of resistance against
antibiotic drugs that are essential for treat-
ment.

Methodological considerations

This point prevalence survey provided an
overview of the indications for use of anti-
biotics, which enabled us to assess their use
in relation to the guidelines. We do not
know, however, what criteria the doctors
have applied upon registration of the indica-
tion. This survey does not allow assessment
of the occurrence of unnecessary prescri-
bing of antibiotics; we have only examined
the types of antibiotics used once the deci-
sion to initiate treatment had been taken.

One disadvantage of point prevalence
surveys is that random events on the day of
the survey may have an impact on the
results. This methodological weakness pre-
sents a challenge when the number of regis-
trations is low. The number of patients
included in this study and the number of
prescriptions for antibiotics were both high.
Our findings are also corroborated by fin-
dings in previous prevalence surveys of anti-
biotic use in Norwegian hospitals (6). Other
equivalent prevalence surveys have also
produced robust results (7—10).

This study may indicate that broad-spec-
trum antibiotics are preferred above narrow-
spectrum drugs wherever these are ranked
equally, even though the guidelines in gene-
ral recommend the use of narrow-spectrum
rather than broad-spectrum drugs (4). A
Cochrane review from 2013 and three recent
Scandinavian studies showed that the use of
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antibiotics, including broad-spectrum drugs,
can be reduced without any negative conse-
quences for the patients (12, 16—18). This
could encourage a revision of the guidelines
with a clearer prioritisation of narrow-spec-
trum antibiotics over broad-spectrum drugs.
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