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Background. The objective of this study was to examine the aggregate rates of antibiotic use at the population level and compare 
these rates over time against historical averages to identify the effect of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and the resulting control measures on community prescribing.

Methods. We collected antibiotic prescriptions and physician office visits from January 1, 2016, to July 21, 2020. We calculated 
monthly prescription rates stratified by sex, age group, profession, diagnosis type, and antibiotic class. We looked at monthly pre-
scription rate as a moving average over time. Using the interrupted time series analysis method, we estimated the changes in pre-
scription rates after March 2020.

Results. The moving average of overall monthly prescription rates during January–June 2020 was below the minimum of the 
historical years’ moving averages (2016–2019). We observed a >30% reduction in overall monthly prescription rates in April, May, 
and July of 2020 compared with the same months of 2019. We observed that overall monthly prescription rates experienced a signifi-
cant level change of –12.79 (P < .001) during the coronavirus disease 2019 pandemic after March 2020, with the greatest level change 
being –18.02 among children 1–4 years of age (P < .001). We estimated an average –5.94 (P < .001) change in respiratory tract in-
fection (RTI)–associated monthly prescription rates after March 2020. Overall prescription rates comparing January–July 2019 and 
their 2020 counterparts showed a decrease in monthly prescribing ranging from –1 to –5 for amoxicillin, amoxicillin and enzyme 
inhibitors, azithromycin, clarithromycin, and sulfamethoxazole.

Conclusions. In British Columbia, Canada, overall and RTI-specific monthly antibiotic prescription rates declined significantly 
during April–July 2020 compared with the same months in prepandemic years.

Keywords.  antibiotics; Canada; COVID-19; pandemic; SARS-CoV-2.

The impact of the emergence and subsequent pandemic es-
calation of severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) on health care has been unequivocal. The 
pandemic has drastically altered modes of health care de-
livery and access to care. Outpatient care has had to adapt 
swiftly to diverse limitations and new societal norms imposed 
by SARS-CoV-2. As public health measures called for social 
distancing and much of the public sphere abruptly transferred 
home, telehealth became increasingly utilized in Canada, and 
globally, to ensure continuity of care for outpatient illness. 
However, a key limitation underlying this route of care is the 
physician’s inability to perform a thorough physical examina-
tion of the patient.

The potential impact of telehealth on quality of care is es-
pecially a concern with respect to the use of antibiotics in 
the outpatient setting. With the World Health Organization 
(WHO) officially declaring antimicrobial resistance (AMR) a 
global health crisis in 2015, outpatient antibiotic prescribing 
has been increasingly scrutinized for both quantity and quality 
of use [1–4]. The overuse of antibiotics in the treatment of po-
tential co-infections in coronavirus disease 2019 (COVID-19) 
inpatients has been well documented in the current literature 
[5–9]. Despite WHO guidelines supporting the absence of an-
tibiotic use and/or prophylaxis in mild or moderately sympto-
matic COVID-19 patients [10], recent studies have shown that 
prescribing has well exceeded historical averages of use [5–9]. 
These studies, however, have been overwhelmingly targeted to 
the inpatient setting and COVID-19 patients specifically.

With respect to the current global context of SARS-CoV-2, 
both the short-term effects on community prescribing and the 
long-term implications for resistance are still unknown [11]. 
Prepandemic studies have demonstrated higher rates of sub-
optimal antibiotic use in direct-to-consumer modes of health 
care delivery, like telehealth [12–14]. However, given the re-
duced opportunities for transmission of pathogens as com-
munities continue to isolate, as well as increased measures of 
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infection prevention and control at the individual level (ie, hand 
washing, usage of nonmedical masks), the direction of effect of 
SARS-CoV-2 upon the use of antibiotics in the outpatient set-
ting remains a question. The purpose of this study was to ex-
amine the rates of prescribing of outpatient antibiotics in British 
Columbia, Canada, to determine the effects of SARS-CoV-2 on 
antibiotic prescribing. Using a retrospective cohort design, the 
goals of this research are 2-fold: first, to examine the aggregate 
rates of antibiotic use at the population level and, second, to 
compare these rates over time against historical averages in 
order to identify the effects of SARS-CoV-2 and the resulting 
control measures on community prescribing.

METHODS

Antibiotic prescription data from January 1, 2016, to July 30, 
2020, were extracted from BC PharmaNet, a centralized data-
base that contains information on all prescriptions dispensed 
from community pharmacies (with the exception of some 
medications used for HIV and sexually transmitted infection 
[STI] treatment) for all residents of British Columbia [15]. We 
also collected data on physician office visits from the Medical 
Service Plan (MSP), an outpatient billing system. Indications of 
interest were identified using diagnostic codes from the ninth 
revision of the International Classification of Diseases (ICD-9) 
[16]. We have not used ICD-10, as the outpatient billing system 
in British Columbia is still using ICD-9 diagnostic codes. Both 
PharmaNet and MSP data were extracted by a third party within 
the BC Ministry of Health, and all patient identifiers were re-
placed with an anonymized study ID. Using the unique ID, a 
prescription was assigned a diagnostic code using an algorithm 
that matched the date on which the medication was dispensed 
to a practitioner service date within the 5 days prior via the of-
fice visit billing claim. If a practitioner service date was associ-
ated with more than 1 diagnostic code or multiple service dates 
fell within the 5-day period of a prescription dispensing date, 
then a hierarchy was applied to link only the most relevant di-
agnostic code to the prescription. Oral antibiotics were defined 
by the Anatomical Therapeutic Chemical (ATC) classification 
system developed by the WHO and included 6 major classes: 
tetracyclines (J01A), penicillins (J01C), cephalosporins (J01D), 
sulfonamides and trimethoprim (J01E), macrolides (J01F), and 
quinolones (J01M) [17]. Population estimates were obtained 
from the BC Vital Statistics database [18].

For this study, the prepandemic duration included January 
2016 to December 2019 (historical 4 years), and the pandemic 
duration included January 2020 to July 2020. Additionally, we 
further delineated the antibiotic pandemic year data into 2 dis-
tinct segments: January–March 2020 and April–July 2020. In 
British Columbia, public health measures such as strict phys-
ical distancing, the provincial state of emergency, and business 
shutdowns were all mandated in mid-March 2020 [19]. This 

segmentation allowed for statistical analysis to observe whether 
prescription rates were significantly changed by the implemen-
tation of provincial public health measures.

Monthly antibiotic prescription rates per 1000 popula-
tion in British Columbia between January 2016 and July 2020 
were calculated. Monthly prescription rates were also stratified 
by sex, age group, profession, and diagnosis type. Age groups 
were categorized as: <1, 1–4, 5–19, 20–49, 50–64, and 65+ 
years. Prescription rates were calculated both for matched and 
overall prescriptions. Matched prescriptions were those with a 
successful match to an MSP service date, as defined above. The 
overall prescription rate included all prescriptions (matched 
and unmatched). We looked at the monthly prescription rate 
as a moving average over time, centered and calculated using 
a 3-month time window. This rate was calculated for January 
2020–June 2020 and compared with the maximum, minimum, 
and the mean of the 4 years (2016–2019) of moving averages in 
the same months—broken down by sex, age group, profession, 
and diagnosis type. Prescription rates were calculated for the 
following diagnosis types: respiratory tract infections (RTIs), 
skin and soft tissue infections (SSTIs), and urinary tract infec-
tions (UTIs). For classes of antibiotics, a heat map was created 
to visually summarize changes in monthly prescription rates 
comparing 2020 with 2019 for the months January–July. Color 
intensity was categorized as 0, <1, 1–5, and 5+ differences in 
monthly prescription rate per 1000 population.

We also conducted an interrupted time series analysis 
(ITSA) using the Box and Tiao approach [20] to test for signif-
icant changes in prescription rates after March 2020. The ITSA 
model includes a transfer function (intervention coefficient) 
capturing the intervention and a seasonal autoregressive inte-
grated moving average (SARIMA) error portion. The transfer 
function is coded as 0 for periods before March 2020, 0.5 for 
the month of March 2020 because of COVID-19 restrictions 
that began mid-month, and 1 for periods after March 2020. The 
ITSA model was fit for the overall, RTI, age <1 and 1–4 years, 
physician, and dentist prescription rates.

The structure of the SARIMA model is (p,d,q) × (P,D,Q)S, 
where p, d, and q are nonseasonal terms for the autoregressive 
order, number of differences, and the moving average order re-
spectively. P, D, and Q are the seasonal terms for the autoregressive 
order, number of differences, and seasonal moving average 
order, respectively. S is the seasonal period, which is 12 in this 
study due to the annual pattern of prescription rates. We used 
Box and Jenkin’s SARIMA modeling methodology [21]. First, 
necessary seasonal and nonseasonal differencing was applied 
to identify potential (d) and (D) values, and the Augmented 
Dickey-Fuller (ADF) test was used to check for data stationary 
[21]. Second, the autocorrelation coefficient (ACF) and par-
tial autocorrelation coefficient (PACF) plots were assessed to 
identify potential (p,q) and (P,Q) values. Third, optimal coef-
ficients were those that minimized model AIC. This selection 
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of the lowest AIC balances greater model fit and the use of a 
minimum number of model parameters [21, 22]. Fourth, using 
the Ljung-Box test, we checked for autocorrelation of residuals. 
The Ljung-Box tests for each SARIMA model yielded a P > .05, 
indicating no auto-correlation of residuals.

RESULTS

Overall, the monthly antibiotic prescription rate in 2020 declined 
starting in the month of March. During prepandemic years, the 
monthly prescription rate per 1000 population ranged from 39.1 
to 57.8, whereas during January–July 2020, the monthly prescrip-
tion rate ranged from 22.1 to 49.5 per 1000 population. We ob-
served a >30% reduction in overall monthly prescription rates in 
April, May, and July of 2020 compared with the same months of 
2019 (Table 1). January–March 2020 did not see significant reduc-
tions in prescription rates when compared with the same months 
in the previous 4 years (2016–2019); however, a significant reduc-
tion was observed in April–July 2020 when compared with the 
same historical prescribing rates of previous prepandemic years. 

The decrease in April–July 2020 in comparison with historical 
prescribing rates remained significant when stratified by sex and 
across all age groups. The results of ITSA showed that on average 
overall monthly provincial prescription rates experienced a signifi-
cant level change of –12.79 (P < .001) after COVID-19 restrictions 
were put into place in March 2020, with the greatest level change, 
–18.02, observed among those age 1–4 years (P < .001) (Table 2).

When looking only at prescriptions matched to diagnoses, 
across all age groups monthly RTI-associated prescription rates 
decreased significantly during April–July 2020 compared with 
the same 4 months in the 4 prepandemic years. For January to 
March 2020, monthly RTI prescription rates decreased signifi-
cantly for patients aged <1 year, 1–4 years, 50–64 years, and 65+ 
years. However, for UTI- and SSTI-related prescriptions, the 
decrease in monthly prescription rates was not observed until 
July 2020 (Supplementary Figure 1).

The moving average of overall monthly prescription rates 
during January–June 2020 was below the minimum of the 
prepandemic years’ moving averages (Figure 1). However, this 
trend was not consistent across various diagnoses: For RTI-
related prescribing, the trend was very similar to the overall, 
with a sharp reduction in prescribing rates beginning in April 
2020. We estimated an average –5.94 (P < .001) change in RTI-
associated monthly prescription rates after March 2020. For 
UTI- and SSTI-related prescribing, we observed a moving av-
erage slightly below the minimum historical moving average, 
which plateaued throughout January–May 2020 and started 
to fall in June 2020 (Figure 1). The moving averages of overall 
monthly prescription rates for 2020 were very similar for males 
and females and across all age groups—consistently below the 
minimum historical moving average (Supplementary Figures 1 
and 2). When looking at prescription rates by health care pro-
fession, we observed a moving average below the historical 
4-year moving average for physicians, dentists, and naturopaths 
during March–June 2020. Although dentists’ average prescrip-
tion rates were below the historical moving average, we noticed 
an increasing trend during May–June 2020. For midwives, reg-
istered nurses, and pharmacists, the moving average in 2020 
was above the historical 4-year moving average (Figure 2). 

Table 1. Monthly Overall Antibiotic Prescription Rate From January 2016 
to July 2020 and Relative Percent Change in Antibiotic Prescription Rate 
in British Columbia, Canada

Months

Year

Relative Percent  
Change (2019 vs 2020)

2016 2017 2018 2019 2020

Prescription Rate/1000 Population

Jan 53.0 57.9 54.3 50.5 49.6 –1.8

Feb 52.3 46.9 44.4 43.2 44.6 3.5

Mar 52.0 51.2 49.0 48.7 44.5 –8.6

Apr 46.7 44.4 43.6 43.3 30.2 –30.1

May 44.6 47.8 43.5 43.2 29.0 –32.8

Jun 43.4 43.8 40.9 39.6 32.1 –18.7

Jul 40.7 39.7 39.2 40.8 22.1 –45.8

Aug 41.5 40.4 39.1 39.1   

Sep 42.8 41.3 39.9 40.4   

Oct 45.9 45.8 45.1 46.0   

Nov 48.3 45.4 43.9 43.1   

Dec 52.5 48.3 46.7 46.1   

Table 2. Interrupted Time Series Analysis Showing the Monthly Prescription Rate Change After March 2020 in British Columbia, Canada

Prescription Rate Category Model Parameters, (p,d,q) s(P,D,Q)12 Intervention Coefficient (95% CI) Standard Error P Value

Overall SARIMA (0,1,1)(0,1,0)12 –12.79 (–15.848 to –9.743) 1.557 <.001

RTI SARIMA (0,1,2)(0,1,0)12 –5.94 (–8.241 to –3.648) 1.172 <.001

<1 y SARIMA (0,0,1)(1,1,0)12 –10.91 (–14.286 to –7.528) 1.724 <.001

1–4 y SARIMA (0,1,1)(1,1,0)12 –18.02 (–23.080 to –12.959) 2.582 <.001

Physician SARIMA (0,1,1)(0,1,1)12 –10.03 (–12.695 to –7.373) 1.358 <.001

Dentist SARIMA (0,1,3)(1,0,0)12 –1.36 (–1.546 to –1.172) 0.096 <.001

Prescription rates for categories were selected for time series analysis based on the significant changes observed in the exploratory and descriptive analysis. p, d, and q are nonseasonal 
terms for the autoregressive order, number of differences, and moving average order, respectively. P, D, and Q are the seasonal terms for the autoregressive order, number of differences, 
and seasonal moving average order, respectively. S is the seasonal period, which is 12 in this study due to the annual pattern of prescription rates. 

Abbreviations: RTI, respiratory tract infection; SARIMA, seasonal autoregressive integrated moving average.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab185#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab185#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab185#supplementary-data
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The estimated level changes in monthly prescription rates after 
March 2020 for physicians and dentists were –10.03 (P < .001) 
and –1.36 (P < .001), respectively (Table 2).

For medications of interest, a heat map of monthly overall 
prescription rates comparing January–July 2019 and their 

2020 counterparts showed a decrease in monthly prescribing 
with a range of –1 to –5 prescriptions per 1000 population for 
amoxicillin, amoxicillin and enzyme inhibitors, azithromycin, 
clarithromycin and sulfamethoxazole, and trimethoprim 
during April and June (Figure 3). In July, monthly prescription 

2020 Prescription Rate Moving Average & Average of  2016 – 2019 Moving Averages Comparison - All Provincial Prescription in BC

2020 Prescription Rate Moving Average & Average of  2016 – 2019 Moving Averages Comparison - Respiratory Tract Infections

2020 Prescription Rate Moving Average & Average of  2016 – 2019 Moving Averages Comparison - Skin & Soft Tissue Infections

2020 Prescription Rate Moving Average & Average of  2016 – 2019 Moving Averages Comparison - Urinary Tract Infections
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Figure 1. Comparison of overall and diagnosis-specific moving average of prescription rates between January and June of 2016–2019 and January and June of 2020 in 
British Columbia, Canada.
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rates decreased for cephalexin, ciprofloxacin, doxycycline, and 
nitrofurantoin at a range of –1 to –5 prescriptions per 1000 
population. When limited to only RTI-related prescribing, 
amoxicillin had the greatest decrease during March to July of 
2020 at a range of –1 to –5 prescriptions per 1000 population. 
Azithromycin, doxycycline, and levofloxacin showed a more 
modest decrease at a range of <0 to >–1 prescriptions per 1000 
population during the months of April–July 2020.

DISCUSSION

To our knowledge, this is the first study of its kind both in 
Canada and worldwide that has reviewed the impact of the 
SARS-CoV-2 pandemic on antibiotic prescribing rates by age, 
sex, profession, diagnosis, and antibiotic type at the popula-
tion level, compared with prepandemic years. Most published 
studies have reported overall antibiotic use during the current 
pandemic with a specific lens on hospitalized patients, specific 

health care professions like dentistry, or based on projected 
data as opposed to actual patient information and were not 
linked to specific diagnoses [5–7, 22, 23]. This study identified 
that the overall monthly prescription rates during April–July 
2020 were significantly lower when compared with 4 years of 
historical data, with a level change of 12.79 in monthly pre-
scription rates after March 2020. Furthermore, the overall 
monthly moving average of prescription rates fell below his-
torical averages in March 2020 and continued to fall through 
June. In contrast, Buehrle et al. reported that most commonly 
prescribed antibiotics in the United States saw a reduction 
in use for the month of April 2020 but rebounded swiftly 
throughout May to July, ultimately exceeding prepandemic 
prescribing rates [24]. However, a recent US study reported 
39% and 42% reductions in patients dispensed antibiotic pre-
scriptions in April and May of 2020, respectively, compared 
with 2017–2019 [22].

2020 Prescription Rate Moving Average & Average of  2016 – 2019 Moving Averages Comparison - Physicians

2020 Prescription Rate Moving Average & Average of  2016 – 2019 Moving Averages Comparison - Registered Nurse

2020 Prescription Rate Moving Average & Average of  2016 – 2019 Moving Averages Comparison - Dentists
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Figure 2. Profession-specific moving average of prescription rates comparing 2020 with 2016–2019 in British Columbia, Canada.
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While in British Columbia, the overall monthly moving aver-
ages of prescription rates were significantly lower in 2020, when 
compared with the minimum historical moving average; this 
trend was not consistent across the indications of interest in-
cluded in this study. RTI-associated prescribing saw significant 
reductions across the monthly moving averages of 2020 when 
compared with historical trends. However, UTI- and SSTI-
associated antibiotic use in 2020 both had monthly moving av-
erages just below historical trends for January to March, with a 
slight decrease in March and April before plateauing. In 2019, 
SSTI- and UTI-associated monthly antibiotic use declined after 
August and October, respectively. This observed decline can be 
explained by the community antibiotic stewardship program’s 
targeted diagnosis and age group–specific interventions during 
that time [25]. We observed a significant reduction in both 
overall and RTI-specific monthly prescription rates after March 
2020. Across all age groups, the overall monthly prescription 
rates decreased significantly after March 2020, with the highest 

reduction observed in <1 and 1–4 years of age, both for overall 
and RTI-related monthly prescription rates.

The abrupt reduction of prescription rates, beginning in 
April 2020, can be explained by reduced opportunities for in-
fectious disease transmission due to public health measures 
implemented gradually in British Columbia. Restrictions on 
mass gatherings, mandatory self-isolation periods for trav-
elers, service restrictions, and the closure of the US–Canada 
border were all introduced in the latter half of March 2020 
[19]. These restrictions further coincided with the shift to 
a telehealth platform for the delivery of outpatient care. 
These radical changes in tandem likely led to a multitude of 
overlapping potential scenarios, all of which resulted in de-
creased use of antibiotics in British Columbia. Perhaps a 
number of individuals eventually ended up consulting a phy-
sician virtually, while others were less likely to seek care for 
mild respiratory illnesses that may previously have resulted 
in antibiotic prescriptions. Clinicians were less pressurized or 
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Figure 2. Continued.
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less likely to prescribe an antibiotic when consulted virtually 
[26]; we also noted less bacterial infection/coinfection due to 
public health measures, increased hand washing, and/or hand 
sanitizer use at the individual level.

This finding in BC is encouraging as most of the previous 
studies reported that antibiotic use had increased significantly 
since the beginning of the pandemic even in the absence of 
bacterial/fungal coinfection among patients with RTI or when 
public health measures were relaxed and some health care serv-
ices resumed [5, 6]. On the other hand, this prescription rate 
reduction in British Columbia could be a reflection of following 
the BC provincial and WHO guidelines on empirical use of 
antibiotics among outpatients with mild to moderate respira-
tory illness [25, 27, 28].

We observed a significant reduction of some of the most 
commonly prescribed antibiotics, especially for RTI, in British 
Columbia. Among them, amoxicillin, azithromycin, cefixime, 
clindamycin, cloxacillin, doxycycline, and levofloxacin had the 
highest reduction in monthly prescription rate from March/
April through July 2020, when compared with the same months 
of 2019. This is in contrast to the US study that reported no 
significant changes in prescription fills of azithromycin and 
levofloxacin from April to July 2020 and further observed a sig-
nificant increase in the monthly prescription fills of other anti-
biotics during the same months [6]. This increase in monthly 
prescription fills reported by the US study, following April 2020, 
could have resulted from the reinstitution of in-person health 

care services. However, another US study reported an increase 
in azithromycin prescriptions from February to March of 2020 
with a significant decrease from March to May of 2020 [22]. It 
should be noted that azithromycin was widely used, along with 
hydroxychloroquine, which is not currently recommended 
outside the COVID clinical trials [10]. However, in British 
Columbia, the relaxation of community control measures oc-
curred in several phases beginning mid-May 2020 and con-
tinued over the following months [19].

Overall, monthly prescription rates in British Columbia de-
clined significantly immediately after the implementation of 
public health measures due to the pandemic and continued to 
decrease even as control measures were eased. Although cau-
sation cannot be assumed, a strong temporal correlation exists. 
A  historically significant transmission vector: The closure of 
schools and day care centers with gradual re-openings using 
face masks/shields, policies of physical distancing, and en-
hanced hand hygiene might also have played a role in children 
not contracting, and subsequently spreading, SARS-CoV-2 or 
other transmissible viruses or bacteria and not having bacterial 
coinfection. As a result, perhaps there were less illness and so 
fewer antibiotics were needed. Apart from all these pandemic-
era mitigation measures, since 2005, a provincial antimicrobial 
stewardship program has been advocating for a reduction in 
antibiotic consumption in order to combat antimicrobial re-
sistance [25]. This stewardship program has been successful in 
reducing overall antibiotic consumption in British Columbia, 
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Figure 3. Heat map showing the overall and respiratory tract infection–specific monthly prescription rate difference during January to July comparing 2020 with 2019 in 
British Columbia, Canada.
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with a significant reduction among children age 0–5  years 
during prepandemic years [29].

This study has several limitations. Although PharmaNet 
captures >90% of all community prescriptions in British 
Columbia, neither PharmaNet nor MSP had information avail-
able on whether the visit was in person or virtual. As such, we 
were not able to quantify the antibiotic prescription rates for 
telehealth visits in contrast to in-person evaluation. However, 
the impact of telemedicine vs in-person visits on the likelihood 
of prescribing an antibiotic remains unclear in the literature 
[14, 30]. The PharmaNet data used for this study did not in-
clude drugs prescribed and dispensed for HIV and STIs. We 
did not have information about each of the physician visits, 
and we could not compare changes between consultation rates 
and prescription rates per consultation. The proportion of pre-
scription linkage to a single diagnosis in our data set ranged 
from 77% to 79%. Although we described overall antibiotic 
prescription rates in British Columbia, we could not include 
all the prescriptions when the prescription rate was described 
by diagnosis.

CONCLUSIONS

In British Columbia, Canada, overall and RTI-specific monthly 
antibiotic prescription rates declined significantly during April 
to July 2020 compared with the same months in prepandemic 
years. Prescription rates for the most RTI-associated antibiotics 
declined significantly in 2020 when compared with 2019, espe-
cially amoxicillin, azithromycin, levofloxacin, and doxycycline. 
Although community prescription rates continued to decline 
through July 2020, the final month of our study period, it is im-
portant that we continue to monitor these trends to better un-
derstand the long-term effects of the SARS-CoV-2 pandemic 
on antibiotic use and their impact on the health care system, 
especially given the context of increasing use of telemedicine 
and antimicrobial resistance.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility 
of the authors, so questions or comments should be addressed to the 
corresponding author.
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