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Background: Antibiotic resistance is rising globally and is a major One Health problem. How much person-to- 
person transmission or ‘contagion’ contributes to the spread of resistant strains compared with antibiotic usage 
remains unclear. As part of its COVID-19 response, Australia introduced strict people movement restrictions 
in early 2020. Along with internal lockdown measures, movement of people into Australia from overseas was 
severely restricted. These circumstances provided a unique opportunity to examine the association of people 
movements with changes in resistance rates.

Methods: Monthly resistance data on over 646 000 Escherichia coli urine isolates from 2016 till 2023 were mod-
elled for statistical changes in resistance trends during pre-lockdown, lockdown and post-lockdown periods. 
Data were available for three clinical contexts (community, hospital and aged-care facilities). Data were also 
available for antibiotic usage volumes and movements of people into Australia.

Results: In 2020, arrivals into Australia decreased by >95%. Antibiotic community use fell by >20%. There were 
sharp falls in trend rates of resistance for all antibiotics examined after restrictions were instituted. This fall in 
trend rates of resistance persisted during restrictions. Notably, trend rates of resistance fell in all three clinical 
contexts. After removal of restrictions, an upsurge in trend rates of resistance was seen for nearly all antibiotics 
but with no matching upsurge in antibiotic use.

Conclusions: Restricting the movement of people appeared to have a dramatic effect on resistance rates in 
E. coli. The resulting reduced person-to-person interactions seems more closely associated with changes in anti-
biotic resistance than antibiotic usage patterns.
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creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided 
the original work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and translation rights for reprints. All 
other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site—for further information 
please contact journals.permissions@oup.com.

Introduction
Antimicrobial resistance (AMR) has been rising globally for dec-
ades, including in Australia. Numerous factors are associated 
with, or implicated in, this rise. Essentially there are two main fac-
tors that drive increasing AMR levels. These are the volume of 
antibiotics used, and the spread of resistant bacteria from person 
to person and through the environment (e.g. via water, food and 
animals).1–5 We call the latter ‘contagion’. It has been repeatedly 
shown that resistant bacteria readily spread globally, with travel 
a major factor in this spread.1–7

Escherichia coli is the most common cause of serious bacterial 
infections in people. On a global scale, E. coli and the resistance 

genes carried can spread widely. Poor sanitation and poor drinking 
water quality are major factors facilitating this spread. Travellers 
have higher carriage rates of resistant E. coli, particularly after vis-
iting areas with poor infrastructure and sanitation. Carriage of 
these resistant bacteria can persist for 6 months or more, and po-
tentially also spread to other people.1–10

E. coli spreads readily within and between different sectors 
(people, animals and ecosystems). It is an important AMR indica-
tor in the context of a One Health approach when it comes to bet-
ter managing and controlling the development and spread of 
AMR at global and local levels.11

The importance of infection control and prevention in limiting the 
infectious spread of resistant microbes is well established at the 
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microlevel of the individual hospital. However, when the discussion 
of infection control is framed in the context of total socioeconomic 
systems such as nations, little is known that can inform public policy. 
Unanswered questions remain about the scale of importance of 
‘contagion’ compared with antibiotic usage.

Australia, as part of its COVID-19 pandemic response, put in 
place restrictions in early 2020, including severe restrictions to 
limit the number of returning citizens and residents. Few 
non-Australian citizens or permanent residents were allowed en-
try. This resulted in a marked reduction (>95%) in the number of 
people coming into Australia compared with 2019. Additionally, 
nearly all persons entering Australia went into hotel quarantine 
for 14 days, and so prevented any returning traveller having 
any interactions in the community for that period. International 
borders were not formally reopened until 21 February 2022 (for 
fully vaccinated visa holders). Furthermore, State governments 
introduced extensive State border closures, regional quarantines, 
and other lockdowns measures such as stay-at-home orders, 
essential-worker-only orders and school closures.12–14

There was ongoing debate and uncertainty as to whether 
COVID-19 would cause an increase in resistance levels because 
of a link with the potential increased use of antibiotics and exces-
sive demand on healthcare infrastructure.5,15–21 Compared with 
Australia, resistance rates are much higher in most other coun-
tries, especially in Asia. We hypothesized previously in this journal 
that once major COVID-19 restrictions were in place that stopped 
the movement of travellers entering countries that have higher 
socioeconomic status, safe water and good health infrastructure, 
that a lowering of resistance rates of E. coli would occur.21

The stringent restrictions put in place in early 2020 created a 
unique natural experiment to investigate the relative role of con-
tagion: were restrictions that reduced people movement asso-
ciated with changes in antibiotic resistance rates?

Methods
E. coli susceptibility data from a large private pathology company 
(Sullivan Nicolaides Pathology) based in Queensland, but also servicing 
northern New South Wales (NSW), were analysed on a month-by-month 
basis on urine isolates. To avoid any selection bias, all the following 
routinely tested antibiotics were examined: amoxicillin, cefalexin, cef-
podoxime, ciprofloxacin, ceftriaxone, co-trimoxazole, gentamicin, nitro-
furantoin and trimethoprim. Although susceptibility data for amoxicillin/ 
clavulanic acid were reported, due to changes in antibiotic formulation 
and supply shortage of test cards, protocols were changed in March 
2021, the middle of the lockdown period, making reliable time series 
comparisons unusable for that antibiotic. These antibiotics were chosen 
as, in the main, they are generally recommended for empirical treatment 
of UTIs. Cefpodoxime is used as a screen to detect ESBL production and 
hence the requirement for extended susceptibility testing for more resist-
ant organisms.

Resistance data are available separately for three different contexts, 
namely aged-care facilities, hospitals and the community. This makes it 
possible to identify differences in resistance profiles and possible changes 
in rates among these different clinical usage contexts.

People movement restrictions were categorized into three time peri-
ods. Estimates reported here adopt March 2020 as the commencement 
of lockdown/travel restrictions, and January 2022 as the start of the post- 
lockdown/restrictions period. Results are not materially sensitive to mov-
ing these dates 1 month either way.

Data on E. coli resistance, respiratory virus numbers, antibiotic usage 
volumes and overseas traveller numbers are publicly available.14,22,23

It is not sufficient to simply examine average resistance rates in the 
three subperiods, pre-COVID-19, lockdown and post-lockdown. For ex-
ample, if resistance rates trend up, then trend down, then trend up again, 
the average rates of resistance may look very similar in all three time per-
iods. In this situation, subperiod average rates of resistance do not reveal 
the underlying changes taking place.

This paper explicitly models and examines the trends in antibiotic re-
sistance of E. coli before, during and after the COVID-19 lockdown/border 
closure periods for Australia. Data are monthly percent of isolates testing 
resistant to each drug. The time series relationship can be expressed as:

Resistance = b0 + b1tAll + b2tLockdown + b3tPost Lockdown 

The trend variable tAll is the time measured in months from the start of 
the sample, tLockdown is the time measured in months from the start of 
lockdown and zero before lockdown, and tPost Lockdown is the time mea-
sured in months from the end of lockdown and zero before the end of 
lockdown.

The model is illustrated in Figure 1. The coefficient β0 is the regression 
intercept term and corresponds to the point value of the resistance rate in 
the month before the start of the sample, that is tAll = 0. The coefficient β1 
is the pre-COVID-19 monthly trend in resistance, β2 is the change in the 
monthly trend during the lockdown, and β3 is the subsequent change in 
monthly trend after lifting lockdowns. The lockdown period has been 
treated as spanning the period from March 2020 until and including 
December 2021. Coefficients and P values were estimated by the ordinary 
least squares method.

Pre-COVID-19, and in line with global trends, a rising resistance trend 
is expected for many drugs (β1 > 0). However, effective antimicrobial 
stewardship programmes are expected to have also created falling resist-
ance (β1 < 0) in some drugs and in some clinical contexts.

The trend in AMR is expected to improve (β2 < 0) if domestic and inter-
national travel restrictions are imposed, as this will limit the opportunity 
for the introduction and spread of both resistant novel strains and those 
carrying known resistance. If resistance had been rising prior to lock-
downs, the implementation of lockdown measures is likely to cause it 
to rise more slowly or to revert to a falling trend. Resistance is predicted 
to continue falling during lockdown, albeit more quickly than it did before. 
If resistance had been rising pre-lockdown, it is expected to rise more slowly 
or reverse to a falling trend. If resistance had been falling pre-lockdown it is 
expected to continue falling but at a faster rate during lockdown.

Post-lockdown, the increase in international and domestic travel is 
postulated to cause a deterioration (i.e. a rise) in the trend rate of resist-
ance (β3 > 0).

Figure 1. Illustration of role of model coefficients describing the trend.
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Results
Antibiotic resistance rates
Resistance data were available monthly from January 2016 until 
mid-December 2023. In total, 646 439 E. coli urine isolates were ex-
amined (577 817 from the community, 40 600 from hospitals and 
28 022 from the aged-care sector). Their average resistance rates 
are given in Table 1. Resistance rates for all antibiotics were much 
higher in the aged-care sector and lowest in the community.

Results for the estimated trend coefficients using the ordinary 
least squares methods are summarized in Table 2 and discussed 
below. For clarity, it is beneficial to start by looking at the model 
estimates in the context of a single drug example before looking 
at the overall findings. Let’s examine cefalexin use in aged-care fa-
cilities as an example (see Figure 2). Prior to the lockdowns, resist-
ance to this drug was rising (β1 > 0) at a rate of 0.035% per month. 
After lockdowns/restrictions introduction in early 2020, the rela-
tive resistance trend improved (β2 < 0) by −0.172% per month. 
This change was large enough to cause absolute resistance rate 
then to trend down (β1 + β2 < 0) at −0.138% per month. With the 
end of lockdowns at the end of 2021, the relative resistance trend 
worsened (β3 > 0) by 0.311% per month. This post-lockdown 
change was large enough to cause the absolute resistance rate 
trend to head up again (β1 + β2+ β3 > 0) at 0.173% per month. In 
this instance, the post-lockdown resistance was rising at a higher 
rate than it had been pre-lockdown. The graphs showing these 
trends for cefalexin and all other antibiotics and in all clinical con-
texts are in the Supplementary data, available at JAC-AMR Online.

Pre-lockdown estimated trends in resistance (β1) are shown in 
Table 2 (column 3), for each drug and clinical context. Of the 27 
instances, 7 cases showed falling resistance rates in the 
pre-COVID-19 period, but only in 1 of these cases, amoxicillin in 
community context, was the improvement statistically signifi-
cantly different from zero change. Amoxicillin is a widely used 
first-line drug in general practice clinics, and recent programmes 
to improve stewardship in community clinics may have been 
showing signs of success. Of the remaining 21 instances in the 
pre-lockdown period that showed resistance rates rising, 11 
were statistically significant rises in resistance (P < 0.05).

During lockdown, estimated changes in the direction of resist-
ance during lockdowns (β2) are shown in Table 2 (column 4). 
Results show that the AMR trend improved for all nine antimicrobials 

and for all three clinical contexts (i.e. hospital, aged-care facility and 
community). Furthermore, the changing trend was statistically sig-
nificant in 21 of the 27 drug and clinical contexts analysed.

Post lockdown, all 27 cases in Table 2 (column five) showed a 
worsening of the trend rate of resistance (β3 > 0). In 24 cases, this 
worsening change in the trend rate of resistance was significantly 
different from zero. Clearly, post lockdown, and with the return of 
international travellers, resistance rates quickly started rising again 
and generally at more rapid rates than pre-COVID-19. Interestingly, 
amoxicillin, which showed the largest improving trend rate of resist-
ance during the lockdown period (−0.219% per month), also had 
the largest rising trend rate of resistance post-lockdown (+0.388%)

Summarized overall results by drug and clinical environment 
are in Tables 3 and 4, which show simple group averages of the es-
timated trend coefficients. The first column shows the monthly 
percentage point trend in resistance—overall about 0.023% in-
crease per month. The second column shows the change in the 
trend rate during lockdown—overall about a 0.136% decrease 
per month. The third column shows the change in the trend rate 
that occurred post lockdown—an increase of 0.271% per month.

Overseas arrivals into Australia
Figure 3 displays data indicating the significant decrease of more 
than 95% in foreign arrivals into Australia during the COVID-19 
lockdown period. Overseas arrivals into Australia fell initially by 
41% between February and March 2020 after visitor restrictions 
were placed on countries with known COVID-19 outbreaks, 
then on 20 March 2020, Australian borders were closed to all non- 
citizens and non-residents.

In the post-lockdown period, domestic travel increased slowly 
from the fourth quarter of 2021. International arrival numbers be-
gan to increase from November and December 2021. International 
borders were not formally reopened until 21 February 2022 (for 
fully vaccinated visa holders).

For our analysis, we adopted January 2022 as the start of the 
post-lockdown period.

Antibiotic use
For Australia, community antibiotic use per 1000 people dropped 
by over 20% in 2020 compared with 2019 (see Figure 4). There 
had been already a steady decrease in antimicrobial prescriptions 

Table 1. Mean average monthly sample sizes and average resistance rates of E. coli by clinical context and drug (2016 to 2023)

Drug

Average monthly isolates tested Average monthly resistance rate (%)

Aged care Community Hospital Aged care Community Hospital

Amoxicillin 292 6019 423 47.2 40.8 46.5
Cefalexin 290 5987 368 13.8 7.6 13.4
Cefpodoxime 216 3460 231 11.2 6.2 10.7
Ceftriaxone 123 2977 411 23.5 9.7 10.7
Ciprofloxacin 292 6014 423 14.6 8.9 13.7
Co-trimoxazole 292 6015 423 24.9 20.7 23.7
Gentamicin 123 2982 411 12.8 5.9 6.9
Nitrofurantoin 292 6011 410 1.7 0.7 1.0
Trimethoprim 292 6015 410 28.5 23.2 26.2
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per 1000 people prior to 2019. There was a further slight fall in 
2021 compared with 2020. Antibiotic use in 2023 appears similar 
to use in 2022 and remained lower than the usage in 2019.22,24,26

Community usage data in different states in Australia are 
available.22 In Queensland (from where most of the resistance 
data used in this study are derived), usage rates dropped by 
just over 20% from 2019 to 2020. Usage rates remained at a 
slightly lower level in 2021 and rose slightly in 2022 (at around 
800 prescriptions per 1000 people).22

In Australia, the number of antimicrobial prescriptions sup-
plied under the Pharmaceutical Benefits Scheme (PBS) and 
Repatriation PBS (RPBS) decreased by 25.3% from 2019 to 
2021, while it increased by almost 10% from 2021 to 2022.22

Hospital use of antibiotics fell slightly (3.5%) in 2020 for inpa-
tients, compared with 2019 [from 893.5 to 862.0 DDDs/1000 oc-
cupied bed days (OBDs)] but increased by about 6% in 2021 (to 
906 DDDs/1000 OBDs) compared with 2019.22,25 Antibiotic use 
in hospitals in Australia had been rising slightly per OBDs per 
year from 2017 to 2019 (see details in Supplementary data).

For the aged-care sector, data are not as robust as for the com-
munity and hospital sectors. But prescription per aged-care resident 

appears to have risen during the lockdown period (see Figure S5) 
but this was mainly driven by an increased use of topical antifungals 
(clotrimazole). The percentage of residents prescribed an antimicro-
bial in 2020 were higher compared with 2019 and rose again in 
2021.22,27 The use of oral systemic antibiotics, however, was likely 
similar from 2019 to 2022 (see Supplementary data).22,27

Discussion
Antibiotic resistance rates were rising prior to the COVID-19 per-
iod. There were then dramatic decreases in the trend rate of re-
sistance of E. coli during the lockdown periods, but followed by 
rapid increases in the rate after the COVID-19 lockdown periods 
ended in Australia. This pattern was seen in all the antibiotic re-
sistance rates analysed and coincided with the introduction of 
travel and other restrictions in Australia in March 2020. These re-
sults are strong evidence that the lockdown period had the 
powerful effect of improving the trend rate of resistance for 
E. coli. We therefore conclude that those restrictions were an im-
portant contributor to the major recent changes in trend rates of 
resistance seen in Australia in E. coli.

Table 2. Estimated coefficients of monthly trends in rate of resistance for each drug by clinical context

Clinical context
Drug

Trend before 
lockdown

Change in trend at 
start of lockdown

Change in trend at 
end of lockdown

Trend during 
lockdown

Trend after 
lockdown

β1 β2 β3 β1 + β2 β1 + β2 + β3

Aged-care facility Amoxicillin 0.003 −0.171 * 0.307 * −0.169 * 0.139 *
Aged-care facility Cefalexin 0.035 −0.172 * 0.311 * −0.138 * 0.173 *
Aged-care facility Cefpodoxime 0.005 −0.069 0.219 * −0.064 0.155 *
Aged-care facility Ceftriaxone 0.051 −0.235 * 0.587 * −0.184 * 0.403 *
Aged-care facility Ciprofloxacin 0.041 −0.113 0.255 * −0.072 0.183 *
Aged-care facility Co-trimoxazole −0.025 −0.177 * 0.498 * −0.202 * 0.296 *
Aged-care facility Gentamicin 0.105 * −0.165 * 0.219 * −0.060 0.158 *
Aged-care facility Nitrofurantoin 0.005 −0.044 * 0.031 −0.039 * −0.008
Aged-care facility Trimethoprim −0.021 −0.169 * 0.503 * −0.190 * 0.313 *
Community Amoxicillin −0.026 * −0.222 * 0.462 * −0.248 * 0.214 *
Community Cefalexin 0.028 * −0.100 * 0.165 * −0.072 * 0.093 *
Community Cefpodoxime 0.030 * −0.081 * 0.165 * −0.051 * 0.114 *
Community Ceftriaxone 0.041 * −0.155 * 0.363 * −0.114 * 0.249 *
Community Ciprofloxacin 0.060 * −0.118 * 0.229 * −0.057 * 0.172 *
Community Co-trimoxazole −0.006 −0.150 * 0.332 * −0.156 * 0.176 *
Community Gentamicin 0.037 * −0.114 * 0.222 * −0.077 * 0.145 *
Community Nitrofurantoin −0.003 −0.010 0.010 −0.013 −0.002
Community Trimethoprim 0.000 −0.166 * 0.358 * −0.166 * 0.192 *
Hospital Amoxicillin 0.035 −0.265 * 0.396 * −0.231 * 0.165 *
Hospital Cefalexin 0.052 * −0.197 * 0.281 * −0.145 * 0.136 *
Hospital Cefpodoxime 0.037 * −0.184 * 0.348 * −0.147 * 0.201 *
Hospital Ceftriaxone 0.045 * −0.145 * 0.203 * −0.100 * 0.103 *
Hospital Ciprofloxacin 0.087 * −0.160 * 0.218 * −0.073 0.145 *
Hospital Co-trimoxazole −0.016 −0.086 0.233 * −0.102 * 0.131 *
Hospital Gentamicin 0.028 * −0.076 * 0.138 * −0.048 0.090 *
Hospital Nitrofurantoin 0.000 −0.025 0.040 −0.024 * 0.016
Hospital Trimethoprim −0.001 −0.111 0.215 * −0.112 * 0.103

*Indicates statistical significance at 95% confidence level. P values are calculated for the null hypothesis of coefficient (or relevant sum of coefficients) 
to equal to zero against the alternative hypothesis they are not equal to zero. Numerical values are shown in Supplementary data Tables.
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There were many factors that will have influenced the AMR le-
vels seen in Australia after restrictions were introduced and these 
confounders make cause and effect more difficult to ascertain. 
The most obvious factor was the marked 95% reduction in over-
seas travellers and returning residents into Australia. But there 
was also less movement of people within Australia following 
state and territory border restrictions occurring at various times, 
and different movement restrictions within States themselves in-
cluding lockdowns.12–14 The prolonged closures of places where 
people more frequently gather, such as clubs, bars, restaurants 
etc., also decreased interactions among people.

Data also suggest there was a large fall (over 20%) in antibiotic 
usage in the community during this period, likely because of lower 
numbers of respiratory infections overall, lower numbers of people 
visiting doctors and because of the increased use of telemedicine, 
all of which are associated with lower numbers of antibiotic 
prescriptions on a population basis. There were many fewer re-
spiratory infections seen during the winters of 2020 and 2021. 

There was no influenza transmission in the community during 
those winters in Australia. The small number of influenza diagno-
ses occurred almost entirely in returning visitors whilst in quaran-
tine. Other respiratory viruses (except for rhinovirus) also had 
dramatic reductions, including parainfluenza virus, adenovirus, hu-
man metapneumovirus and respiratory syncytial virus (RSV).23,28

This meant for at least the first year after April 2020, there were 
fewer presentations to doctors for respiratory tract infections 
and therefore fewer antibiotics prescribed per patient visit.

Of note, we saw a drop in resistance during the lockdown 
period, not only in community isolates but also in hospital and 
aged-care facility isolates (and where resistance rates were much 
higher). This was despite likely unchanged systemic oral antibiotic 
usage during the lockdown period in aged care, and increased 
use in hospitals in 2021 (see Figures S4 and S5).22,25,27

Pre-lockdown, community antibiotic use was decreasing, but 
conversely resistance was increasing. Post-lockdown, community 
antibiotic usage did not rise markedly but again, conversely re-
sistance rates rapidly rose and at an even steeper rate than 
was occurring in the pre-lockdown period. These inconsistencies 
in the rates of rise or fall in resistance rates, with rises and falls in 
antibiotic usage, imply that changes in antibiotic usage were not 
the main factor behind the changes seen in the E. coli resistance 
levels in our study.

Not many studies have looked at the impact of changes in 
antibiotic resistance rates or trends in E. coli associated with de-
creases in antibiotic usage on a population basis. In two studies 
(one in Scotland and another in England),29,30 there were no falls 
seen in antibiotic resistance after reductions in antibiotic usage. 
What was seen was just a reduction in the rate of rise of resist-
ance. Another study modelled what the effects of usage and 
then decreases in antibiotic usage would have on a population 
basis in the EU. It showed that a decrease in usage had little iden-
tifiable impact, even over a period of 4 years.31

Those results are in marked contrast to this current study 
where, following lockdowns, not only was there a sharp fall in 

Figure 2. AMR rate of E. coli isolates for cefalexin in aged-care facilities and fitted trends.

Table 3. By clinical context: average across all nine drugs of estimated 
coefficients of monthly trends in rate of resistance

Clinical 
Context

Trend 
before 

lockdown

Change 
in trend 

at start of 
lockdown

Change 
in trend 

at end of 
lockdown

Trend 
during 

lockdown

Trend 
after 

lockdown

β1 β2 β3 β1 + β2

β1 + β2 +  
β3

Aged-care 
facility

0.022 −0.146 0.325 −0.124 0.201

Community 0.018 −0.124 0.256 −0.106 0.150
Hospital 0.030 −0.139 0.230 −0.109 0.121
Overall 

average
0.023 −0.136 0.271 −0.113 0.158
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the trend rate of resistance, the net trend rate of resistance after 
lockdown (β1 + β2) became negative for all drugs in all clinical con-
texts. The average trend rate fell from 0.023% per month pre- 
lockdown to −0.136% post-lockdown, which equals −0.107% 
per month or approximately −1.3% per annum.

Following the lifting of lockdowns, not only was there a sharp 
rise in the trend rate of resistance, the net trend rate of resistance 
after lockdown ended (β1 + β2+ β3) became positive for 25 of the 
27 drug and clinical context combinations (the exception was 
nitrofurantoin in aged-care and community sectors). The simple 
average trend rate for all antibiotics went from −0.107% per 
month during lockdown up to a post-lockdown rate of 0.023%  
− 0.136% + 0.271, which equals +0.164% per month or approxi-
mately an increase in the rate of resistance of 1.9% per annum.

There are many limitations to our study. We only examined E. coli 
and so these results may not be the same as for other common bac-
teria e.g. Staphylococcus aureus. We have looked at bug–drug com-
binations for E. coli but these can’t be interpreted as applying to 
bacteria we haven’t examined. We only have data for Queensland 

and northern NSW, so this may not be the same for other parts of 
Australia, other fully developed countries and in particular less de-
veloped countries. The largest percentage reduction in movements 
of people were on people entering Australia. However, there were 
also frequent and extended State border closures that severely re-
stricted the internal movements of Australian residents. How 
much this contributed to the changes in resistance rates seen com-
pared with international travellers, we can’t determine.

However, taken together our results suggest that restrictions 
on the movements of people, especially on people entering 
Australia from overseas, were much more likely to be the major 
factor in the fall in resistance rates seen in Australia during the 
COVID-19 restrictions period, rather than changes in antibiotic 
usage volumes. The rapid rise in resistance seen commencing 
in 2022 once these restrictions were removed, but without a ma-
jor rise in community antibiotic use from 2021 compared with 
2022, also suggests that movement of people was a bigger factor 
for this rise in resistance rates seen, rather than antibiotic usage 
changes in the community. Plus, we saw drops in rates of 

Table 4. By drug: average across all three clinical contexts of estimated coefficients of monthly trends in rate of resistance

Drug

Trend before 
lockdown

Change in trend at start of 
lockdown

Change in trend at end of 
lockdown

Trend during 
lockdown

Trend after 
lockdown

β1 β2 β3 β1 + β2 β1 + β2 + β3

Amoxicillin 0.004 −0.219 0.388 −0.216 0.172
Cefalexin 0.038 −0.157 0.252 −0.118 0.134
Cefpodoxime 0.024 −0.111 0.244 −0.087 0.157
Ceftriaxone 0.046 −0.178 0.384 −0.133 0.252
Ciprofloxacin 0.063 −0.130 0.234 −0.067 0.167
Co-trimoxazole −0.016 −0.137 0.354 −0.153 0.201
Gentamicin 0.057 −0.119 0.193 −0.062 0.131
Nitrofurantoin 0.001 −0.026 0.027 −0.025 0.002
Trimethoprim −0.007 −0.148 0.358 −0.156 0.202
Overall average 0.023 −0.136 0.271 −0.113 0.158

Figure 3. Monthly overseas arrivals into Australia (January 2016 to December 2023).
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antibiotic resistance in the hospital and aged-care sector despite 
apparent increases or no changes in systemic antibiotic usage vo-
lumes, respectively. However, unravelling the exact magnitude 
and relative different contributions will require further study.

In conclusion, we saw a major drop in resistance levels in E. coli 
isolates following the introduction of movement and other restric-
tions because of COVID-19. Community antibiotic usage also 
dropped during these restrictions. However, we think this decrease 
in resistance is more likely related to less person-to-person trans-
mission, through the infection prevention effects of the restrictions 
and in the major limitation of overseas travellers coming into 
Australia, rather than a direct effect of antibiotic usage changes be-
cause we also saw drops in resistance rates in the hospitals and 
aged-care sectors, despite no decreases in antibiotic use volumes. 
Conversely, when lockdown restrictions were removed, resistance 
rates spiked in all three sectors, and this happened at a time 
when very little more antibiotic was being used.

Acknowledgements
We would like to thank Dr Nadine Hillock and the NAUSP team for assist-
ance with access and interpretation of recent hospital usage data and to 
Professor Christina Vandenbroucke-Grauls for very helpful critiques on the 
draft of our paper.

Funding
This study was supported by internal funding.

Transparency declarations
P.C. is Chair of Healthcare Associated Infection Expert group with the 
Australian Commission on Safety and Quality in Healthcare, both on in-
fection control issues and antibiotic resistance and usage; he is also a 
member of the Infection Control Expert Group (ICEG) that provided advice 

on infection control and prevention issues to Australian Government bod-
ies, Federal Health department and Chief Health Officers during the 
COVID-19 pandemic from 2020 to 2022. J.B. and J.R.: no conflicts to 
declare.

Author contributions
The study was conceived and planned by all three authors (P.C., J.B. and 
J.R.). J.R. obtained the resistance data in a monthly format. Statistical 
analysis, and compilation of tables and figures were done by J.B. 
Interpretation of results was done by all three authors. The paper was 
written up by all three authors.

Supplementary data
Figures S1 to S5 and Tables S1 to S3 are available as Supplementary data
at JAC-AMR Online.

References
1 Hendriksen RS, Munk P, Njage P et al. Global monitoring of antimicrobial 
resistance based on metagenomics analyses of urban sewage. Nat 
Commun 2019; 10: 1124. https://doi.org/10.1038/s41467-019-08853-3
2 Collignon P, Beggs JJ, Walsh TR et al. Anthropological and socio-
economic factors contributing to global antimicrobial resistance: a uni-
variate and multivariable analysis. Lancet Planet Health 2018; 2: 
e398–405. https://doi.org/10.1016/S2542-5196(18)30186-4
3 Ding D, Wang B, Zhang X et al. The spread of antibiotic resistance to hu-
mans and potential protection strategies. Ecotoxicol Environ Saf 2023; 
254: 114734. https://doi.org/10.1016/j.ecoenv.2023.114734
4 Collignon P, Beggs JJ. Socioeconomic enablers for contagion: factors 
impelling the antimicrobial resistance epidemic. Antibiotics 2019; 8: 86. 
https://doi.org/10.3390/antibiotics8030086
5 CDC. COVID-19 & Antimicrobial Resistance. https://www.cdc.gov/ 
antimicrobial-resistance/data-research/threats/COVID-19.html.

Figure 4. Community antimicrobial prescriptions supplied per age-standardized 1000 people. Data used are from Analysis of 2015–2022 PBS and RPBS 
Antimicrobial Dispensing Data, Australian Commission on Safety and Quality of Health Care October 2023 (Figure 3.22).22 Data for 2023 are an annual-
ized pro rata estimate based on the first 8 months of 2023 compared with the same period in 2022 and scaled for Australian Bureau of Statistics es-
timate on population growth. Data for 2023 extracted from PBS and RPBS Section 85.24,25

COVID-19 restrictions and lowered E. coli AMR rates                                                                                        

7 of 8

http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlae125#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlae125#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlae125#supplementary-data
https://doi.org/10.1038/s41467-019-08853-3
https://doi.org/10.1016/S2542-5196(18)30186-4
https://doi.org/10.1016/j.ecoenv.2023.114734
https://doi.org/10.3390/antibiotics8030086
https://www.cdc.gov/antimicrobial-resistance/data-research/threats/COVID-19.html
https://www.cdc.gov/antimicrobial-resistance/data-research/threats/COVID-19.html


6 Furuya-Kanamori L, Stone J, Yakob L et al. Risk factors for acquisition of 
multidrug-resistant Enterobacterales among international travellers: a 
synthesis of cumulative evidence. J Travel Med 2020; 27: taz083. 
https://doi.org/10.1093/jtm/taz083
7 Collignon P. Antibiotic resistance: are we all doomed? Intern Med J 
2015; 45: 1109–15. https://doi.org/10.1111/imj.12902
8 MacKinnon MC, McEwen SA, Pearl DL et al. Increasing incidence and 
antimicrobial resistance in Escherichia coli bloodstream infections: a 
multinational population-based cohort study. Antimicrob Resist Infect 
Control 2021; 10: 131. https://doi.org/10.1186/s13756-021-00999-4
9 Rogers BA, Kennedy KJ, Sidjabat HE et al. Prolonged carriage of resist-
ant E. coli by returned travellers: clonality, risk factors and bacterial char-
acteristics. Eur J Clin Microbiol Infect Dis 2012; 31: 2413–20. https://doi. 
org/10.1007/s10096-012-1584-z
10 Kennedy K, Collignon P. Colonisation with Escherichia coli resistant to 
“critically important” antibiotics: a high risk for international travellers. Eur 
J Clin Microbiol Infect Dis 2010; 29: 1501–6. https://doi.org/10.1007/ 
s10096-010-1031-y
11 WHO. One Health. https://www.who.int/health-topics/one-health#tab= 
tab_1.
12 Weiss DJ, Boyhan TF, Connell M et al. Impacts on human movement in 
Australian cities related to the COVID-19 pandemic. Trop Med Infect Dis 
2023; 8: 363. https://doi.org/10.3390/tropicalmed8070363
13 Parliament of Australia. COVID-19: a chronology of state and territory 
government announcements. https://www.aph.gov.au/About_Parliament/ 
Parliamentary_departments/Parliamentary_Library/pubs/rp/rp2021/ 
Chronologies/COVID-19StateTerritoryGovernmentAnnouncements.
14 Australian Bureau of Statistics. Overseas arrivals and departures, 
Australia 3401.0. https://www.abs.gov.au/statistics/industry/tourism- 
and-transport/overseas-arrivals-and-departures-australia/latest-release.
15 Clancy CJ, Buehrle DJ, Nguyen MH. PRO: the COVID-19 pandemic will 
result in increased antimicrobial resistance rates. JAC Antimicrob Resist 
2020; 2: dlaa049. https://doi.org/10.1093/jacamr/dlaa049
16 CDC. COVID-19 reverses progress in fight against antimicrobial resistance 
in U.S. hospitalization related infections grew 15% from 2019 to 2020. 2022. 
https://www.cdc.gov/media/releases/2022/s0712-Antimicrobial-Resistance. 
html.
17 Rehman S. A parallel and silent emerging pandemic: antimicrobial re-
sistance (AMR) amid COVID-19 pandemic. J Infect Public Health 2023; 16: 
611–7. https://doi.org/10.1016/j.jiph.2023.02.021
18 Laupland KB, Collignon PJ, Schwartz IS. Sleeping with the enemy: will 
the COVID-19 pandemic turn the tide of antimicrobial-resistant infec-
tions? J Assoc Med Microbiol Infect Dis Can 2021; 6: 177–80. https://doi. 
org/10.3138/jammi-2021-05-28
19 Kariyawasam RM, Julien DA, Jelinski DC et al. Antimicrobial resistance 
(AMR) in COVID-19 patients: a systematic review and meta-analysis 
(November 2019–June 2021). Antimicrob Resist Infect Control 2022; 11: 
45. https://doi.org/10.1186/s13756-022-01085-z
20 Langford BJ, So M, Simeonova M et al. Antimicrobial resistance in pa-
tients with COVID-19: a systematic review and meta-analysis. Lancet 

Microbe 2023; 4: e179–91. https://doi.org/10.1016/S2666-5247(22) 
00355-X
21 Collignon P, Beggs JJ. CON: COVID-19 will not result in increased anti-
microbial resistance prevalence. JAC Antimicrob Resist 2020; 2: dlaa051. 
https://doi.org/10.1093/jacamr/dlaa051
22 Australian Commission on Safety and Quality in Healthcare. AURA 2023: 
Fifth Australian report on antimicrobial use and resistance in human 
health. 2023. https://www.safetyandquality.gov.au/our-work/antimicrobial- 
resistance/antimicrobial-use-and-resistance-australia-aura/aura-2023-fifth- 
australian-report-antimicrobial-use-and-resistance-human-health.
23 Sullivan Nicolaides Pathology. Infectious diseases reports. https://www. 
snp.com.au/clinicians/results-and-reporting/infectious-disease-reports/ 
#AnchorAntibio.
24 Australian Commission on Safety and Quality in Healthcare. Analysis 
of 2015–2022 PBS and RPBS antimicrobial dispensing data. 2023. https:// 
www.safetyandquality.gov.au/sites/default/files/2023-10/analysis_of_ 
2015-2022_pbs_and_rpbs_antimicrobial_dispensing_data.pdf.
25 Australian Government Department of Health and Aged Care. National 
Antimicrobial Utilisation Surveillance Program: 2021 Annual Report. 2023. 
https://www.amr.gov.au/sites/default/files/2024-01/antimicrobial-use-in- 
australian-hospitals-national-antimicrobial-utilisation-surveillance-program- 
annual-report-2021.pdf.
26 Australian Government Department of Health and Aged Care. 
Supply data. https://www.pbs.gov.au/info/statistics/dos-and-dop/dos- 
and-dop.
27 Australian Government Department of Health and Aged Care. 
Antimicrobial prescribing in Australian residential aged care facilities – 
Results of 2021 Aged Care National Antimicrobial Prescribing 
survey. 2023. https://www.amr.gov.au/resources/antimicrobial-prescribing- 
australian-residential-aged-care-facilities-results-2021-aged-care-national- 
antimicrobial-prescribing-survey.
28 Sullivan SG, Carlson S, Cheng AC et al. Where has all the influenza 
gone? The impact of COVID-19 on the circulation of influenza and other 
respiratory viruses, Australia, March to September 2020. Euro Surveill 
2020; 25: 2001847. https://doi.org/10.2807/1560-7917.ES.2020.25.47. 
2001847. Erratum in: Euro Surveill 2021; 26: 210527 https://doi.org/10. 
2807/1560-7917.ES.2021.26.21.210527e
29 Hernandez-Santiago V, Davey PG, Nathwani D et al. Changes in resist-
ance among coliform bacteraemia associated with a primary care anti-
microbial stewardship intervention: a population-based interrupted 
time series study. PLoS Med 2019; 16: e1002825. https://doi.org/10. 
1371/journal.pmed.1002825
30 Aliabadi S, Anyanwu P, Beech E et al. Effect of antibiotic stewardship 
interventions in primary care on antimicrobial resistance of Escherichia 
coli bacteraemia in England (2013–18): a quasi-experimental, ecological, 
data linkage study. Lancet Infect Dis 2021; 21: 1689–700. https://doi.org/ 
10.1016/S1473-3099(21)00069-4
31 Rahman S, Kesselheim AS, Hollis A. Persistence of resistance: a panel 
data analysis of the effect of antibiotic usage on the prevalence of resist-
ance. J Antibiot 2023; 76: 270–8. https://doi.org/10.1038/s41429-023- 
00601-6

Collignon et al.

8 of 8

https://doi.org/10.1093/jtm/taz083
https://doi.org/10.1111/imj.12902
https://doi.org/10.1186/s13756-021-00999-4
https://doi.org/10.1007/s10096-012-1584-z
https://doi.org/10.1007/s10096-012-1584-z
https://doi.org/10.1007/s10096-010-1031-y
https://doi.org/10.1007/s10096-010-1031-y
https://www.who.int/health-topics/one-health&num;tab&equals;tab_1
https://www.who.int/health-topics/one-health&num;tab&equals;tab_1
https://doi.org/10.3390/tropicalmed8070363
https://www.aph.gov.au/About_Parliament/Parliamentary_departments/Parliamentary_Library/pubs/rp/rp2021/Chronologies/COVID-19StateTerritoryGovernmentAnnouncements
https://www.aph.gov.au/About_Parliament/Parliamentary_departments/Parliamentary_Library/pubs/rp/rp2021/Chronologies/COVID-19StateTerritoryGovernmentAnnouncements
https://www.aph.gov.au/About_Parliament/Parliamentary_departments/Parliamentary_Library/pubs/rp/rp2021/Chronologies/COVID-19StateTerritoryGovernmentAnnouncements
https://www.abs.gov.au/statistics/industry/tourism-and-transport/overseas-arrivals-and-departures-australia/latest-release
https://www.abs.gov.au/statistics/industry/tourism-and-transport/overseas-arrivals-and-departures-australia/latest-release
https://doi.org/10.1093/jacamr/dlaa049
https://www.cdc.gov/media/releases/2022/s0712-Antimicrobial-Resistance.html
https://www.cdc.gov/media/releases/2022/s0712-Antimicrobial-Resistance.html
https://doi.org/10.1016/j.jiph.2023.02.021
https://doi.org/10.3138/jammi-2021-05-28
https://doi.org/10.3138/jammi-2021-05-28
https://doi.org/10.1186/s13756-022-01085-z
https://doi.org/10.1016/S2666-5247(22)00355-X
https://doi.org/10.1016/S2666-5247(22)00355-X
https://doi.org/10.1093/jacamr/dlaa051
https://www.safetyandquality.gov.au/our-work/antimicrobial-resistance/antimicrobial-use-and-resistance-australia-aura/aura-2023-fifth-australian-report-antimicrobial-use-and-resistance-human-health
https://www.safetyandquality.gov.au/our-work/antimicrobial-resistance/antimicrobial-use-and-resistance-australia-aura/aura-2023-fifth-australian-report-antimicrobial-use-and-resistance-human-health
https://www.safetyandquality.gov.au/our-work/antimicrobial-resistance/antimicrobial-use-and-resistance-australia-aura/aura-2023-fifth-australian-report-antimicrobial-use-and-resistance-human-health
https://www.snp.com.au/clinicians/results-and-reporting/infectious-disease-reports/&num;AnchorAntibio
https://www.snp.com.au/clinicians/results-and-reporting/infectious-disease-reports/&num;AnchorAntibio
https://www.snp.com.au/clinicians/results-and-reporting/infectious-disease-reports/&num;AnchorAntibio
https://www.safetyandquality.gov.au/sites/default/files/2023-10/analysis_of_2015-2022_pbs_and_rpbs_antimicrobial_dispensing_data.pdf
https://www.safetyandquality.gov.au/sites/default/files/2023-10/analysis_of_2015-2022_pbs_and_rpbs_antimicrobial_dispensing_data.pdf
https://www.safetyandquality.gov.au/sites/default/files/2023-10/analysis_of_2015-2022_pbs_and_rpbs_antimicrobial_dispensing_data.pdf
https://www.amr.gov.au/sites/default/files/2024-01/antimicrobial-use-in-australian-hospitals-national-antimicrobial-utilisation-surveillance-program-annual-report-2021.pdf
https://www.amr.gov.au/sites/default/files/2024-01/antimicrobial-use-in-australian-hospitals-national-antimicrobial-utilisation-surveillance-program-annual-report-2021.pdf
https://www.amr.gov.au/sites/default/files/2024-01/antimicrobial-use-in-australian-hospitals-national-antimicrobial-utilisation-surveillance-program-annual-report-2021.pdf
https://www.pbs.gov.au/info/statistics/dos-and-dop/dos-and-dop
https://www.pbs.gov.au/info/statistics/dos-and-dop/dos-and-dop
https://www.amr.gov.au/resources/antimicrobial-prescribing-australian-residential-aged-care-facilities-results-2021-aged-care-national-antimicrobial-prescribing-survey
https://www.amr.gov.au/resources/antimicrobial-prescribing-australian-residential-aged-care-facilities-results-2021-aged-care-national-antimicrobial-prescribing-survey
https://www.amr.gov.au/resources/antimicrobial-prescribing-australian-residential-aged-care-facilities-results-2021-aged-care-national-antimicrobial-prescribing-survey
https://doi.org/10.2807/1560-7917.ES.2020.25.47.2001847
https://doi.org/10.2807/1560-7917.ES.2020.25.47.2001847
https://doi.org/10.2807/1560-7917.ES.2021.26.21.210527e
https://doi.org/10.2807/1560-7917.ES.2021.26.21.210527e
https://doi.org/10.1371/journal.pmed.1002825
https://doi.org/10.1371/journal.pmed.1002825
https://doi.org/10.1016/S1473-3099(21)00069-4
https://doi.org/10.1016/S1473-3099(21)00069-4
https://doi.org/10.1038/s41429-023-00601-6
https://doi.org/10.1038/s41429-023-00601-6

	COVID-19 restrictions limited interactions of people and resulted in
lowered E. coli antimicrobial resistance rates
	Introduction
	Methods
	Results
	Antibiotic resistance rates
	Overseas arrivals into Australia
	Antibiotic use

	Discussion
	Acknowledgements
	Funding
	Transparency declarations
	Author contributions

	Supplementary data
	References




