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ABSTRACT

Background: The rate of community antibiotic use in New Zealand (NZ) is high and some may be un-
necessary. Non-pharmaceutical public health interventions (Alert Levels) were implemented in 2020 to
reduce the spread of COVID-19 in NZ and were likely to have affected antibiotic prescribing.

Methods: We aimed to identify the impact of these public health interventions on community antibiotic
dispensing. We also examined rates of hospitalisation with infectious diseases that could be influenced
by changing community antibiotic use. A retrospective review of two national databases was undertaken.

Findings: 1.17 million people received 1.19 million prescriptions for antibiotics between 23/02/2020 and
18/07/2020. Antibiotic dispensing rates fell from 14 prescriptions per 1000 population per week during
pre-Alert Level weeks to 9 prescriptions per 1000 population per week (a reduction of 36%) during the
weeks of COVID Alert Level 3-4. Large reductions were seen with antibiotics predominantly used for
respiratory- or urinary-tract infections. Hospital discharges with sentinel infections did not increase over
this period; pneumonia discharges during Alert Level weeks were lower than in 2017-2019 (3 vs 6 dis-
charges per 100,000 population).

Interpretation: A large reduction in community antibiotic dispensing was observed in NZ during the
implementation of non-pharmaceutical public health interventions to eliminate COVID-19. Despite this
marked reduction in antibiotic use, there was no increase in rates of hospitalisation for sentinel infec-
tions that community antibiotic use could prevent. These findings suggest that countries with high rates
of antibiotic use could significantly reduce their use without an increase in morbidity.
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Research in context

Evidence before this study

The level of community antibiotic use is high in New
Zealand and in many other countries. Some of this antibi-
otic use may be inappropriate but there are concerns that
a reduction in antibiotic consumption may lead to an in-
crease in hospitalisation due to those infectious diseases
which may be prevented by community antibiotic use. The
COVID-19 pandemic, and non-pharmaceutical interventions
to control COVID-19, have affected community antibiotic use
but the consequences of these changes are unknown. We
searched PubMed, Medline and Google Scholar on Dec 08
2020, for articles describing the impact of COVID-19, and
non-pharmaceutical public health interventions to control
COVID-19, on community use of antibiotics using the search
terms “2019-nCOV” and “antibiotic” or “antimicrobial” with
no time restrictions. Previous research describes changes in
community and hospital antibiotic use but does not consider
how these changes might have affected morbidity from infec-
tious diseases.

Added value of this study

We analysed large national data sets of community an-
tibiotic dispensing and hospital discharges with specific sen-
tinel infectious diseases (pneumonia, peritonsillar abscess,
and rheumatic fever), before and after the implementation of
varying intensities of non-pharmaceutical interventions, com-
paring these to rates from previous years. Community an-
tibiotic dispensing in New Zealand fell significantly during
the COVID-19 pandemic. Despite this, there was no increase
in the rates of hospitalisation with sentinel infectious dis-
eases that community antibiotic use could prevent. Therefore,
a large proportion of community antibiotic use might be in-
appropriate and large reductions in community antibiotic use
are likely to be achievable without increasing morbidity.

Implication of all the available evidence

Despite concerns that reductions in community antibiotic
use could result in an increase in hospitalisations with in-
fectious diseases, our study found that community antibiotic
dispensing in New Zealand was markedly lower during the
early months of the COVID-19 pandemic and that this was
not associated with an increase in hospitalisation due to sen-
tinel infectious diseases. It may be possible for antimicrobial
stewardship efforts to significantly reduce community antibi-
otic use without increasing morbidity.

Introduction

It is widely accepted that, in many countries, a large propor-
tion of community antimicrobial dispensing is for self-limiting ill-
nesses and provides little or no clinical benefit. However, estimat-
ing the magnitude of this antibiotic use is difficult. Comparisons
of the overall rate of community antimicrobial dispensing between
countries suggest that a large proportion of antibiotic dispensing
in many countries is unnecessary. For example, during 2018 the
total community antimicrobial consumption in Belgium was 20.8
defined daily doses (DDDs) per 1,000 inhabitants, more than twice
that seen in the Netherlands (8.9 DDDs per 1,000 inhabitants), [1];
however, rates of mortality attributable to pneumonia in the two
countries were identical. [2] Comparisons of antibiotic prescribing
across different populations within a country also suggest a large
amount of community antibiotic use is unnecessary. Gulliford et al
studied 610 general practices in the United Kingdom (UK) between
2005 and 2014 and found that between 29% and 79% of patients
with respiratory tract infections (RTIs) were prescribed an antibi-
otic.[3] This marked variation is unlikely to be explained by differ-
ences in patient populations. It was estimated that a 10% reduction
in antibiotic prescribing for RTIs at an average UK general prac-
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tice with 7000 patients would result in approximately 1 more case
of pneumonia per year and 1 more case of peritonsillar abscess
(quinsy) each decade. [3]

Extraordinary events that result in large changes in the rates of
general practice consultation across a country provide an opportu-
nity to study the health impact of large changes in antibiotic dis-
pensing within a country. In March 2020, the New Zealand (NZ)
government implemented a tiered system of non-pharmaceutical
public health interventions (COVID-19 Alert Levels 2 to 4) to man-
age and minimise the risk of COVID-19 transmission in the com-
munity.[4] The interventions were applied uniformly across the
country and resulted in major reductions in social interactions.

During Alert Level 2, people were requested to physically dis-
tance and public gatherings were restricted to no more than 100
people. During Alert Level 3, people were additionally requested to
restrict their social contacts to members of their immediate house-
hold and were encouraged to work from home, most businesses
were prohibited from physically interacting with the public, pub-
lic venues were closed, and gatherings were limited to no more
than 10 people. During Alert Level 4, people were requested to
stay within their usual residence, all but essential businesses were
closed, all educational facilities and public venues were closed, and
all gatherings were prohibited. The stringency of government re-
sponse in NZ was significantly higher than seen in other countries
such as the United States of America or the UK. [5] While these in-
terventions imposed major restrictions on many routine activities,
hospital services and General Practitioners (GPs) remained avail-
able to provide healthcare, although virtual appointments via tele-
phone or internet services were used where physical review was
not required. Rates of GP attendances are not centrally reported,
but reports suggested a large reduction in visits to general prac-
tices during this period. [6]

Although antibiotic use has declined by 4.6% over the last 5
years in NZ, rates remain higher than in countries such as the
UK or the Netherlands. [7] Furthermore, there is substantial sea-
sonal variation in New Zealand community antibiotic dispensing,
which increases in winter months by 25-35%, corresponding with
a rise in viral upper respiratory tract infections. [8] Reducing un-
necessary antibiotic use for viral upper respiratory tract infections
is an important antimicrobial stewardship goal. However, there are
concerns that reducing antibiotic use could lead to a rise in pre-
ventable infectious complications. In particular there is consider-
able concern in New Zealand that reduced access to medical care
might result in a rise in the incidence of many infectious diseases,
including rheumatic fever, in disadvantaged Maori and Pacific com-
munities.[9]

We examined community antibiotic dispensing and simulta-
neous changes in the incidence of pneumonia, peritonsillar ab-
scess and rheumatic fever during the different phases of the non-
pharmaceutical public health interventions introduced in NZ to re-
duce the spread of COVID-19.

Methods

Data were obtained to correspond with the weeks preceding
the introduction of the COVID-19 Alert Level system on 21/3/2020,
for the weeks of public health interventions, and for 5 weeks
following the step down to the lowest alert level, Level 1, on
9/6/2020. Data are displayed with alert levels for 2020 shown
(Level 2 (L2): 21/3/2020; Level 3 (L3) 23/3/2020; Level 4 (L4):
25/3/2020; Return to Level 3 (L3): 27/4/2020; Return to Level
2(L2): 13/5/2020; and Level 1(L1): 9/6/2020). When the alert level
changed during a week, the level in place for the majority of that
week is displayed.

Data were obtained from two national healthcare databases
managed by the New Zealand Ministry of Health. Data on all sub-
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sidised antibiotic medicines dispensed in the community, from
23/02/2020 to 18/07/2020, and for the same periods during 2017,
2018 and 2019, were obtained from the National Pharmaceutical
Collection. [10] Data includes all dispensings generated either from
in-hours or out-of-hours practices. Pharmaceuticals in this data set
were classified under the Anatomical Therapeutic Chemical (ATC)
system. Antibiotic dispensing was grouped, by dispensing date, into
weeks of each calendar year (Week 9 to Week 29). Antibiotic dis-
pensing was measured as number of prescriptions dispensed per
1000 population and, for ethnicity analyses, as number of peo-
ple dispensed one or more antibiotic prescriptions per 1000 pop-
ulation. Rates were calculated using population estimates for 30
June 2017, 2018, 2019 and 2020 obtained from StatsNZ Tatauranga
Aotearoa. [11] The database also included information on each pa-
tient’s prioritised ethnicity, which was reported as Maori, Pacific,
Asian or Other.

Data on hospital discharges were obtained from the National
Minimum Dataset (NMDS) for weeks 9 to 29 for 2017, 2018, 2019
and 2020. Discharges were described using ICD-10 codes and other
variables as defined in the NMDS data dictionary. [12] Data were
obtained for all hospital discharges coded for pneumonia (ICD-10
J12-18), peritonsillar abscess (ICD-10 J36) or acute rheumatic fever
(ICD-10 100-102) together with ethnicity, length of hospital stay,
and hours of intensive care unit (ICU) stay. Discharges were re-
ported per 100,000 population using population estimates as de-
scribed above.

Antibiotics were classified by spectrum of activity: broad
spectrum (JO1(CR+DC+DD+(F-FAO1)+MA)), narrow spectrum
(JO1(CA+CE+CF+DB+FA01)), or other, using the European Centre
for Disease Prevention and Control (ECDC) definitions [13] and
also classified by the predominant indication for use in NZ.

Specific periods of interest were defined: prior to the introduc-
tion of alert levels (weeks 9-12), during the period when stringent
non-pharmaceutical interventions - alert levels 3 and 4 (weeks 13-
20) were in place, and during the period when most restrictions
were lifted alert levels 1 and 2(weeks 20-29). Antibiotic dispensing
rates and hospital discharge rates for a given period in 2020 were
compared with other periods in 2020 or with the corresponding
period from previous years. Formal statistical comparisons were
not undertaken as any changes observed were based on whole
population data and considered error free.

Antibiotic dispensing rates and hospital discharge time trend
data were displayed using GraphPad Prism version 9.0.0.

Ethical approval was not required under the Health and Disabil-
ity Ethics Committee criteria.

Role of the funding source

The authors received no financial support for the research, au-
thorship, and/or publication of this article.

Results

1.17 million people were dispensed 1.19 million prescriptions
for antibiotics during the 20-week period between 23/02/2020 and
18/07/2020. The number of antibiotic dispensings per 1000 popu-
lation for 2017 to 2020, together with the periods in which each of
the COVID-19 Alert Levels were employed during 2020, are shown
in Fig. 1. Compared to previous years, in 2020 antibiotic dispens-
ing rapidly declined by 35.6%, from a mean of 13.93 prescriptions
per week per 1000 population prior to COVID-19 public health in-
terventions (weeks 9 to 12) to a mean of 8.97 prescriptions per
week per 1000 population during COVID-19 Alert Levels 3 and 4
(weeks 15 to 20). Antibiotic dispensing gradually increased during
early winter 2020 (weeks 21 to 29), consistent with the pattern
seen in the same periods during 2017, 2018 and 2019. However,
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the rate of antibiotic dispensing remained lower in 2020 than dur-
ing the same weeks in 2017, 2018 and 2019 (Table 1).

Antibiotic dispensing in relation to spectrum of activity

Reductions in antibiotic dispensing were seen for narrow spec-
trum, broad spectrum and other antibiotics (Fig. 2). During COVID-
19 Alert Levels 3 and 4 (weeks 13-20 in 2020) there was a -
29.4% change in dispensing of narrow spectrum antibiotics, a -
21.4% change in dispensing of broad-spectrum antibiotics, and a -
15.7% change in dispensing of other antibiotics in comparison with
the same period in 2019. During weeks 13-20 of 2020, the mean
weekly percentage of all community antibiotics that were broad
spectrum was 29.8%, an increase from the same period in 2019
(28.0%). Use of narrow spectrum antibiotics, as a weekly propor-
tion of all antibiotic use, which had previously been increasing
from 2017 (53%) to 2019 (54.9%) fell in 2020 to 50.4%.

Variability in change in antibiotic dispensing for different indications

The magnitude and the duration of the reductions in antibi-
otic dispensing varied by antibiotic agent. When antibiotic dispens-
ing during COVID-19 Alert Levels 3 and 4 (weeks 13-20 in 2020)
was compared with the same period in 2019, there was a large
and sustained reduction in the dispensing of penicillin, amoxicillin,
amoxicillin-clavulanate, erythromycin and roxithromycin (agents
used in NZ predominantly for treatment of RTIs). (Fig. 3) There was
also a reduction in dispensing of trimethoprim, co-trimoxazole and
nitrofurantoin (agents used in NZ predominantly for treatment of
urinary tract infections). There was no apparent reduction in the
dispensing of ceftriaxone or azithromycin (agents used in the com-
munity in NZ predominantly for treatment of sexually transmitted
infections), a minor brief reduction in the dispensing of doxycy-
cline (an agent used in NZ predominantly for treatment of acne),
and a modest brief decline in the dispensing of flucloxacillin and
cefalexin (agents used in NZ predominantly for treatment of skin
and soft tissue infections) (Supplementary Figure 1).

Antibiotic dispensing in different ethnic groups

For each ethnicity, the rate of antibiotic dispensing prior to
COVID-19 public health interventions (weeks 9-11 in 2020) was
consistent with that in previous years (Fig. 4). However, there were
marked differences between ethnicities in their mean levels of an-
tibiotic dispensing prior to COVID-19 public health interventions:
14.80 prescriptions per week per 1000 population in Maori peo-
ple, 15.46 prescriptions per week per 1000 population in Pacific
people, 7.17 prescriptions per week per 1000 population in Asian
people, and 13.91 prescriptions per week per 1000 population in
people from other ethnic groups.

The reductions in mean antibiotic dispensing during COVID-19
Alert Levels 3 and 4 (weeks 13-20 in 2020), when compared with
the same period in 2019, were 29% for Maori, 44% for Pacific peo-
ple, 47% for Asian people, and 25% for people from other ethnic
groups. (Fig. 4)

Hospital discharges for patients with pneumonia, peritonsillar
abscess, and rheumatic fever

The mean weekly rates of discharge from hospital with pneu-
monia per 100,000 population during COVID-19 Alert Levels 2, 3,
and 4 (weeks 12-24) were significantly lower during 2020 than
during 2017-2019 (p < 0.0001) (Fig. 5). There was a small change
in mean ICU stay per case of pneumonia admitted to ICU (5.5 days
during 2020 vs 4.5 days during 2019); and in mean hospital length
of stay from 2.8 days in 2019 to 3.4 days in 2020.
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Fig. 1. Number of antibiotic prescriptions dispensed per 1000 population by week of calendar year; weeks 9 to 29 of 2017 to 2020.

Table 1

Median weekly antibiotic dispensing, per 1000 population, during calendar weeks of Alert Level 3 - 4 (weeks 15 to

20) from 2017 to 2020.

Antibiotic dispensings per 1000 population

2017 2018 2019 2020

All antibiotic prescriptions
Broad spectrum antibiotic prescriptions
Narrow spectrum antibiotic prescriptions

1484 1445 13.89 8.97
4.50 4.28 3.90 2.68
7.85 7.71 7.62 4.45

Antibiotics predominantly prescribed for respiratory tract infections 8.75 8.41 8.14 4.55
Antibiotics predominantly prescribed for urinary tract infections 2.24 217 1.91 145
Antibiotics predominantly prescribed for skin and soft tissue infections 2.71 2.79 2.72 2.12
Antibiotics predominantly prescribed for sexually transmitted infections  0.01 0.02 0.02 0.02

Antibiotics predominantly prescribed for acne

Maori people dispensed antibiotic prescriptions
Pacific people dispensed antibiotic prescriptions
Asian people dispensed antibiotic prescriptions
Other people dispensed antibiotic prescriptions

1.12 1.06 1.10 0.84
1649  15.83 1476  9.50
17.04 1581 1634 821
8.72 8.34 8.56 4.05
1519 1504 1435 9.99
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Fig. 2. Percentage change in number of narrow, broad and other spectrum antibiotic prescriptions dispensed per 1000 population by week of calendar year; weeks 9 to 29

in 2020 compared to 2019.

There was a reduction in hospital discharges with peritonsillar
abscess per 100,000 population (0.17 during 2020; vs 0.33 during
2017-2019) during the COVID-19 Alert Levels 2, 3 and 4. (Supple-
mentary Figure 2A) ICU admissions were rare for peritonsillar ab-
scess so rates were not calculated (2020 n = 1 admission; 2019
n = 2 admissions). There was a clinically unimportant difference
in mean hospital length of stay during 2020 when compared to
the equivalent weeks during 2019 (1.54 days during 2020 vs 1.31
days during 2019)

The mean weekly rates of hospital discharge with acute
rheumatic fever per 100,000 population during COVID-19 Alert
Levels 2, 3 and 4, differed trivially from the rates in 2017-
2019. (0.116 during 2020 vs 0.109 during 2017-2019) (Sup-

plementary Figure 2B) There was no change when analysed
by ethnicity for Maori and Pacific People, who accounted for
95% of rheumatic fever cases but represented 24% of the
population.

Discussion

Concern has been raised that the liberal use of antibiotics dur-
ing the pandemic could worsen antimicrobial resistance. [14] In
NZ, community antibiotic dispensing fell by more than one third
during COVID-19 Alert Levels 2, 3, and 4, to rates approaching
the pre-COVID-19 rates seen in Denmark, long viewed as a world
leader in terms of appropriate community antibiotic use. [15] An-
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tibiotic dispensing decreased for broad and narrow spectrum an-
tibiotics, and for antibiotics predominantly used for skin and uri-
nary tract infections. The most pronounced effect was seen in an-
tibiotics predominantly used for respiratory tract infections. This
marked reduction was likely to have been the result of changes
in accessing healthcare, and the profound effect that COVID-19
public health measures had on reducing the incidence of commu-
nity respiratory tract infections caused by other viruses, although
factors such as improved public awareness of the differing treat-
ment approaches for bacterial and viral respiratory tract infections
are likely to have contributed. [4,16] Little or no effect was seen
in antibiotics for acne or sexually transmitted infections suggest-
ing a generalised reduction in antibiotic prescribing did not oc-

cur. It would be interesting to compare patterns of antibiotic use
in NZ with other countries that experienced a higher burden of
COVID-19, that had higher rates of other circulating respiratory
viruses, and that employed less stringent non-pharmaceutical in-
terventions.

The speed and magnitude of the reductions in community an-
tibiotic use in NZ were much greater than have previously been
observed with interventions intended to improve antimicrobial
stewardship. For example, a five-year national campaign in France
between 2002 and 2007, resulted in a 10% reduction in total com-
munity antibiotic dispensing during the first year and a 21% reduc-
tion after five years.[17] National campaigns in the UK, Australia
and NZ have led to recent annual reductions in total community
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antibiotic dispensing of 2.1%, 6.5% and 4.6% respectively. [7,18,19]
The 35.6% reduction in community antibiotic dispensing in NZ oc-
curred rapidly, over a period of three weeks, and was much larger.

Antimicrobial Stewardship is not simply the drive to reduce to-
tal antibiotic use but to optimise patient safety and outcomes. This
includes mitigating the risk to patients of antibiotic use (e.g. ad-
verse effects, super-infection and antimicrobial resistance) but also
ensuring antibiotics are used when required and monitoring the
adverse effects of under-use. Reducing community antibiotic dis-
pensing commonly leads to concerns about the likelihood of con-
sequent increases in morbidity or mortality due to infectious dis-
eases.[3] We selected three sentinel conditions to study: pneumo-
nia, peritonsillar abscess and rheumatic fever. Previous research
had suggested that a 10% reduction in GP prescribing of antibiotics
for patients with respiratory tract infections at an average general
practice in the UK might result in a modest increase in the in-
cidence of pneumonia and of peritonsillar abscess. [3] Rheumatic
fever is an important condition that contributes to health inequity
in NZ. Despite a 36% reduction in total antibiotic use, we found no
increase in the rates of admission to hospital either for pneumo-
nia, peritonsillar abscess or rheumatic fever. Instead, the rates of
admission for pneumonia and peritonsillar abscess declined while
the rate of admission for rheumatic fever remained unchanged. Al-
though differences in access to healthcare and in the medical man-
agement of patients with many conditions during the course of
2020 could have affected the rates of admission for these condi-
tions, our findings suggest that the very large reductions in com-
munity antibiotic dispensing in NZ were not associated with in-
creased morbidity. Further, there was no increase in all-cause mor-
tality in NZ during this period. [20]

Antimicrobial stewardship efforts must balance the need to im-
prove and reduce overall antibiotic use with continued access to
antibiotics for populations who suffer disproportionately from in-
fectious diseases and their complications. In NZ Maori and Pacific
people are disproportionately affected by infectious disease and it
has been argued that, given the high burden of infectious diseases
in Maori and Pacific people, the rates of antibiotic consumption
in these groups should be higher than in people from other eth-
nic groups to ensure equitable health outcomes.[9] We have sug-
gested that the appropriate rate of antibiotic dispensing for Maori
and Pacific people in NZ should approximate 17.5 dispensings per
1000 population per week.[8] This suggested rate of dispensing
for Maori and Pacific people was similar to what occurred during
COVID-19 Alert Levels 2, 3 and 4 (21.1 dispensings per 1000 popu-
lation per week). Importantly, the large reduction in antibiotic dis-
pensing did not lead to an increase in the incidence of hospital ad-
mission for pneumonia, or peritonsillar abscess or rheumatic fever
for Maori or Pacific people (Supplementary Fig. 3); in fact, the

rate of admissions for pneumonia and peritonsillar abscess among
Maori and Pacific people declined.

The limitations of this study include using dispensing as a sur-
rogate for antibiotic use and the lack of data on the indication
for the dispensing. Dispensing data are presented as the number
of prescriptions per population and do not quantify the amount
of antibiotic dispensed per prescription. Non-subsidised antibiotic
prescriptions are not included in the data set although these pre-
scriptions are expected to comprise a small minority of antibiotics
dispensed in NZ. [21] Hospital discharge rates with urinary tract
infections were not reported as the reduction in the use of antibi-
otics for this indication was unexpected and the rate of hospital
discharge with urinary tract infections was not a pre-specified out-
come variable in the data extract.

These data suggest that NZ's high rate of pre-COVID-19 antibi-
otic dispensing, much of which is for people with self-limiting res-
piratory tract infections, [22] could be reduced significantly with-
out risk of adverse consequences secondary to under-treatment of
serious bacterial infections such as peritonsillar abscess or bacte-
rial pneumonia. Other well-resourced countries with similarly high
rates of inappropriate antibiotic use should be able to achieve sim-
ilar reductions in antibiotic dispensing without increasing the inci-
dence of admission to hospital for infectious diseases.
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