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T

he inappropriate use of antibiotics by humans is one of the
main drivers of antimicrobial resistance (1, 2). Antimicrobial
resistance has been increasing worldwide, but the development of
new antibiotics has slowed down (3). The combination of these
two factors has important public health consequences, such as
long periods of treatment against resistant microbes, a switch to
second-line treatments with more adverse effects, and longer duration of hospitalization, which are all associated with high costs
and increased death rates (3, 4).
Antibacterial resistance is an international problem; consequently, many countries have started taking action to contain it
and reduce it. In the previous 15 years, some Latin American
countries, such as Chile, Colombia, Venezuela, Brazil, and Mexico, have implemented restrictions on the over-the-counter
(OTC) sales of antibiotics, aiming to reduce their use and subsequently improve control of antimicrobial resistance. These OTC
sales restrictions imply the requirement of a medical prescription
to get antibiotics in private pharmacies and impose fines on the
owners of pharmacies for noncompliance.
The impact of the earliest policies was evaluated by Wirtz et al.,
who showed a decrease in the consumption of antibiotics after the
OTC sales restriction by approximately 1 DDD/TID (defined daily
dose per 1,000 inhabitant-days) in Colombia, a decrease of 5.5
DDD/TID in Chile, and no decrease in Venezuela (5). Similarly,
we evaluated the impact of these restrictions in Mexico and Brazil,
where the banning of OTC sales of antibiotics was reinforced during 2010. We found a direct decrease in the level of the overall
consumption of antibiotics of about 1 DDD/TID in both countries, without changes in the trends of consumption. In Mexico,
penicillin use decreased by 0.86 DDD/TID and sulfonamide use
decreased by 0.17 DDD/TID. In Brazil, penicillin use decreased by
0.64 DDD/TID, sulfonamide use by 0.41 DDD/TID, and macrolide use by 0.47 DDD/TID (6). In both countries, no shift toward
use of other classes of antibiotics, such as quinolones, macrolides,
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and tetracyclines, was observed. An interesting finding in the previous evaluation was that seasonal variation appeared to change
after the restrictions took place, but this was not explored in more
detail. Seasonal variation in antibiotic use has been associated with
short-term lowering of resistance rates in the United States (7) and
Israel (8); moreover, low seasonal variation has been related to
appropriate-use profiles in Europe (9, 10). Furthermore, it has
been suggested that a better understanding of seasonal variation of
antibiotic prescribing can be useful in the design of interventions
to reduce inappropriate use of antibiotics (11).
To determine if the OTC sales restrictions led to a more appropriate use of antibiotics in Mexico and Brazil, we measured the
changes in the seasonal variation in penicillin use before and after
the OTC sales restrictions. We focused on the consumption of
penicillins because they are the most frequently used class of antibiotics in the selected countries. Additionally, seasonal variation
in their use and high rates of self-medication have been reported
previously (5, 6, 12, 13).
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During 2010, Mexico and Brazil implemented policies to enforce existing laws of restricting over-the-counter sales of antibiotics.
We determined if the enforcement led to more appropriate antibiotic use by measuring changes in seasonal variation of penicillin use. We used retail quarterly sales data in defined daily doses per 1,000 inhabitant-days (DDD/TID) from IMS Health from
the private sector in Mexico and Brazil from the first quarter of 2007 to the first quarter of 2013. This database contains information on volume of antibiotics sold in retail pharmacies using information from wholesalers. We used interrupted time-series
models controlling for external factors with the use of antihypertensives with interaction terms to assess changes in trend, level,
and variation in use between quarters for total penicillin use and by active substance. The most used penicillin was amoxicillin,
followed by amoxicillin-clavulanic acid and ampicillin (minimal use in Brazil). Before the restrictions, the seasonal variation in
penicillin use was 1.1 DDD/TID in Mexico and 0.8 DDD/TID in Brazil. In Mexico, we estimated a significant decrease in the seasonal variation of 0.4 DDD/TID after the restriction, mainly due to changes in seasonal variation of amoxicillin and ampicillin.
In Brazil, the seasonal variation did not change significantly, overall and in the breakdown by individual active substances. For
Mexico, inappropriate penicillin use may have diminished after the restrictions were enforced. For Brazil, increasing use and no
change in seasonal variation suggest that further efforts are needed to reduce inappropriate penicillin use.
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MATERIALS AND METHODS
Data source and setting. We used retail quarterly sales data from the
private sectors in Mexico and Brazil provided by IMS Health. The data
were obtained by submitting a research protocol to IMS Health under
their Global Health Research program explaining the objectives and
methods of the present study. IMS Health constructed the database with
information of surveys done regularly at various stages of the pharmaceutical chain. The results of the surveys are projected by IMS Health to
approximate total volume of sales per country. More information about
IMS Health methods can be found at http://www.imshealth.com
/deployedfiles/ims/Global/Content/Insights/IMS Institute for Healthcare
Informatics/Global Health Research Program/Data_Sources_Global
_Research.pdf and http://www.pharmaceuticalpolicy.nl/Presentations
/Winter Meeting 2010/Gieshoff, Andreas.pdf.
According to IMS Health reports, pharmaceutical volume coverage
was 46% for Mexico and 72% for Brazil (IMS Health, Pharmaceutical
Market, Mexico and Brazil 2008, unpublished report).
The data received were expressed as kilograms per active substance of
antibiotics (ATC code J01) and antihypertensives (ATC codes C02 [antihypertensives], C03 [diuretics], C07 [beta blocking agents], C08 [calcium
channel blockers], and C09 [agents acting on the renin-angiotensin system]) as a reference group, from the first quarter of 2007 to the first
quarter of 2013.
We converted the kilograms of each antibiotic and antihypertensive
sold into a daily defined dose per 1,000 inhabitant-days (DDD/TID) according to the anatomical therapeutic chemical (ATC) classification system proposed by the World Health Organization (14). We used as the
denominator the entire population of each country, which was estimated
based on the growth rate per year using the annual information on the
population of both countries from the Pan American Health Organization records (available at http://www.paho.org/English/SHA/coredata
/tabulator/newTabulator.htm).
Data analysis. To measure the impact of the policy implementation
on the use of penicillins in each country, we used an interrupted-time-
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series analysis (15) with robust standard errors for each of the most commonly used penicillins in both countries. The penicillins that are most
commonly used were identified by calculating the percentage of use 2
years prior and 2 years after the introduction of the restrictions in both
countries. In the interrupted-time-series analysis, the antihypertensive
group was used as a reference to account for external changes that may
affect the consumption of medicines, such as economic growth, changes
in coverage of IMS health data, and modifications in the structure of
health systems.
We estimated whether the difference in use between quarters (or seasons) changed after the restriction with a set of interaction terms with
dummy variables with value of 1 for autumn, winter, and spring. We
chose the quarter that corresponds to the summer season as a reference
(dummy with value of zero) to evaluate the changes in seasonal variation
(differences in the average use between autumn and winter compared to
the average use during summer). The summer season takes place during
the third quarter of each year in Mexico and during the first quarter of
each year in Brazil.
The banning of OTC sales of antibiotics went into effect in Mexico on
25 August 2010 and in Brazil on 29 November of the same year; therefore,
we marked the beginning of the regulated consumption for Mexico as the
last quarter of 2010 and for Brazil as the first quarter of 2011. The data for
the quarters when the restrictions started were not included in the analysis, because these periods were only partially affected by the restriction of
antibiotic sales. For each model, we examined the autocorrelation of residuals and corrected it, if present, using autoregressive models. All the
analyses were conducted using STATA software, version 12 (Stata Corp
LP, TX).

RESULTS

General trends in the use of penicillins. The proportion of the use
of penicillins among all antibiotics was fairly similar between the
two countries, being 33% to 38% of the total consumption of
antibiotics (Fig. 1). Overall, amoxicillin and ampicillin were the
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FIG 1 Percentage of use of antibiotics by active substance 2 years before and after the OTC restrictions took effect.

Seasonality in Penicillin Use after OTC Restrictions

most commonly used active substances, but the proportions of the
use of these substances differed between countries. In 2008, 2 years
before the implementation of the OTC restrictions, the use of
amoxicillin alone represented 15% of overall antibiotic use in
Mexico and 29% in Brazil; the use of amoxicillin in combination
with clavulanic acid represented 8% in Mexico and 6% in Brazil.
Ampicillin was frequently used in Mexico (13%), but in Brazil the
use was below 2%. In 2012, 2 years after the implementation of the
OTC restrictions, the proportion of the use of amoxicillin had
decreased by 2%, while the use of amoxicillin with clavulanic acid
had increased by 4% in both countries. The use of ampicillin had
decreased by 5% in Mexico alone.
A seasonal variation in the overall use of penicillins was clearly
visible, with higher use during winter and autumn seasons (Fig. 2a
and b). The time series analysis showed that before the OTC restriction, Mexico presented a seasonal variation (difference in the
use between autumn-winter and summer) in the overall use of
penicillins of 1.04 DDD/TID in winter and 1.23 DDD/TID in autumn; for Brazil, this difference was significant only in autumn,
with 0.81 DDD/TID (Table 1).
After the OTC restriction, we estimated a significant reduction
in the seasonal variation in Mexico of ⫺0.36 DDD/TID in winter
and ⫺0.47 DDD/TID in autumn (Table 2), whereas in Brazil, no
significant change in the seasonal variation was observed (Table
2). In addition to this, the analyses showed a similar reduction in
overall level of use, ⫺0.94 DDD/TID in Mexico and ⫺0.81 DDD/
TID in Brazil, without a change in trend in both countries.
Seasonal variation in individual penicillin use. Amoxicillin
was the main driver of the seasonal variation in both countries. In
Mexico, the seasonal variation before the OTC restriction was
significant for autumn, with 0.47 DDD/TID, and for winter, with
0.59 DDD/TID. In Brazil, the seasonal variation was significant
only for autumn, with a 0.62-DDD/TID difference (Table 1; also,
see Fig. S1 and S2 in the supplemental material). After the OTC
restriction, Mexico showed a reduction of 33% (⫺0.17 DDD/
TID) in the seasonal variation for the autumn season only (Table
2). Brazil did not show a significant change in seasonal variation
(Table 2). Mexico showed a marginally significant reduction in
the level of use of 0.44 DDD/TID (P ⫽ 0.054). In contrast, Brazil
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had a significant reduction of 0.84 DDD/TID (P ⫽ 0.010) in the
level of use of amoxicillin.
In Mexico, amoxicillin in combination with clavulanic acid
presented a significant seasonal variation before the OTC restriction, with 0.35-DDD/TID-higher use in autumn and 0.29-DDD/
TID-higher use in winter. In Brazil, the seasonal variation was not
significant. After the OTC restrictions in both countries, this combination did not have a significant change in seasonal variation,
level, or trend of use (Table 2).
The use of ampicillin was the highest in Mexico, with a level of
use of about 1.2 DDD/TID; in Brazil, it was only 0.10 DDD/TID
(Table 1; also, see Fig. S5 and S6 in the supplemental material). In
Mexico, a seasonal variation in the use of this active substance was
observed before the restriction, with a difference of almost 0.3
DDD/TID for both autumn and winter compared with use in
summer. The seasonal variation completely disappeared after the
restriction together with a significant change in level of 0.47 DDD/
TID. In Brazil, changes in the seasonal variation and level of use
were not observed, but a significant change of 0.05 DDD/TID per
quarter in the trend of use was estimated.
DISCUSSION

The objective of this study was to measure the changes in the
seasonal variation of penicillin use before and after the OTC restrictions in Mexico and Brazil. The seasonal variation can be seen
as a proxy of appropriate use of antibiotics. We showed that after
the OTC restrictions, the seasonal variation in the use of penicillins in Mexico decreased by 63%, whereas the seasonal variation in
Brazil did not show significant changes. In Mexico, significant
decreases in seasonal variation in the use of both amoxicillin
(⫺34%) and ampicillin (⫺93%) were the main drivers of the
overall seasonal reduction. In Brazil, none of the active substances
had a significant change in their seasonal variation.
A low seasonal variation together with a low use has been connected to appropriate use of antibiotics and low antimicrobial
resistance rates (2, 9, 10). In the present study, Mexico and Brazil
showed seasonal variations in the use of penicillins with a higher
use in autumn and winter than in summer. We estimated that the
mean difference in use before the OTC restrictions was 1.1 DDD/
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FIG 2 Overall penicillin use before and after the 2010 OTC restrictions indicating changes in level and trend of use and seasonal variation, in Mexico (a) and
Brazil (b). No change in trend was observed (dotted line). Open dots indicate summer seasons, which were taken as references to calculate seasonal variation.
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DDD/TID, defined daily dose per 1,000 inhabitant-days; *, significant at 5%; **, significant at 1%; 95% CI, robust 95% confidence interval.

0.265 (⫺0.462–0.993)
0.184 (⫺0.344–0.713)
0.085 (⫺0.116–0.286)
⫺0.003 (⫺0.014–0.007)
⫺0.001 (⫺0.002–0.001)

Spring

0.809* (0.017–1.601)
0.615* (0.036–1.193)
0.196 (⫺0.025–0.416)
⫺0.003 (⫺0.013–0.008)
0.001 (⫺0.001–0.003)

Autumn

0.077 (⫺1.142 to 1.297)
⫺0.012 (⫺0.883 to 0.858)
0.085 (⫺0.252 to 0.421)
0.004 (⫺0.021 to 0.029)
0.001 (⫺0.003 to 0.005)

Brazil
All penicillins
Amoxicillin
Amoxicillin ⫹ clavulanic acid
Ampicillin
Other penicillins

0.388 (⫺0.532 to 1.308)
0.267 (⫺0.407 to 0.941)
0.118 (⫺0.117 to 0.352)
0.000 (⫺0.031 to 0.032)
0.003 (⫺0.001 to 0.006)

⫺0.032 (⫺0.309 to 0.245)
⫺0.009 (⫺0.180 to 0.162)
⫺0.052 (⫺0.139 to 0.035)
0.021 (⫺0.056 to 0.098)
0.008 (⫺0.024 to 0.040)

Spring

⫺0.000 (⫺1.009 to 1.008)
⫺0.088 (⫺0.808 to 0.631)
0.086 (⫺0.198 to 0.370)
0.002 (⫺0.025 to 0.029)
⫺0.000 (⫺0.005 to 0.004)

⫺0.469* (⫺0.817 to ⫺0.121)
⫺0.186* (⫺0.361 to ⫺0.011)
⫺0.023 (⫺0.173 to 0.127)
⫺0.247** (⫺0.398 to ⫺0.096)
⫺0.013 (⫺0.051 to 0.025)

Autumn

DDD/TID, defined daily dose per 1,000 inhabitant-days; *, significant at 5%; **, significant at 1%; 95% CI, robust 95% confidence interval.

⫺0.359** (⫺0.613 to ⫺0.105)
⫺0.170 (⫺0.352 to 0.011)
0.045 (⫺0.129 to 0.219)
⫺0.229** (⫺0.364 to ⫺0.095)
⫺0.005 (⫺0.036 to 0.027)

Mexico
All penicillins
Amoxicillin
Amoxicillin ⫹ clavulanic acid
Ampicillin
Other penicillins

a

Winter

Country and penicillin(s)

DDD/TID (95% CI)

0.027 (0.094 to 0.148)
0.020 (⫺0.042 to 0.082)
0.027 (⫺0.029 to 0.083)
0.017 (⫺0.010 to 0.044)
0.023*(0.004 to 0.043)

0.023 (⫺0.114 to 0.160)
0.032 (⫺0.066 to 0.130)
0.034 (⫺0.023 to 0.091)
0.049* (0.011 to 0.086)
0.046* (0.009 to 0.084)

⫺0.814 (⫺1.670 to ⫺0.042)
⫺0.843* (⫺1.474 to ⫺0.213)
0.147 (⫺0.519 to 0.224)
⫺0.254 (⫺0.526 to 0.018)
⫺0.230 (⫺0.502 to 0.042)

Trend
⫺0.938* (⫺1.825 to ⫺0.051)
⫺0.441 (⫺0.889 to 0.008)
⫺0.001 (⫺0.371 to 0.369)
⫺0.474** (⫺0.676 to ⫺0.272)
⫺0.022 (⫺0.164 to 0.120)

Level

TABLE 2 Changes in the difference in the use of penicillins (expressed as DDD/TID) between autumn, winter and spring versus summer after the OTC restrictions and changes in level and
trend of usea

a

0.880 (⫺0.135–1.896)
0.629 (⫺0.106–1.363)
0.251 (⫺0.027–0.528)
⫺0.001 (⫺0.012–0.011)
0.002* (0.000–0.004)

1.039** (0.808–1.271)
0.472** (0.303–0.641)
0.293** (0.200–0.386)
0.255** (0.180–0.331)
0.019 (⫺0.012–0.049)

All penicillins
Amoxicillin
Amoxicillin ⫹ clavulanic acid
Ampicillin
Other penicillins

1.226** (0.981–1.472)
0.589** (0.456–0.721)
0.352** (0.266–0.439)
0.259** (0.146–0.371)
0.027 (⫺0.011–0.064)

Winter

Penicillin(s)
0.060 (⫺0.210–0.33)
0.021 (⫺0.148–0.191)
0.050 (⫺0.029–0.129)
⫺0.004 (⫺0.070–0.063)
⫺0.007 (⫺0.039–0.025)

Brazil
Autumn

Winter

Spring

Mexico

Downloaded from http://aac.asm.org/ on June 26, 2019 by guest

108

DDD/TID (95% CI)

TABLE 1 Difference in the use of penicillins (expressed as DDD/TID) in autumn, winter, and spring versus summer before the OTC restrictionsa
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may be due to the inclusion of the Farmacia Popular program,
which has the objective of facilitating access to medicines for the
entire population (20). The effect of this program was partially
controlled for by taking into account the trend of the use of antihypertensives. However, given that the program had differential
subsidies for medicines for chronic diseases, this could cause a
differential effect in the use between therapeutic groups. Therefore, more research is needed to evaluate the effect of the Farmacia
Popular program in Brazil in the use of different therapeutic
groups. Furthermore, in 2013, Brazil tightened its regulations of
antibiotic sales by registering the sales of antibiotics on the controlled-medicines electronic system, indicating the difficulties of
enforcing the OTC restrictions between 2010 and 2013 (21). Contrary to what occurred in Brazil, there was not further enforcement such as this in Mexico.
In preliminary stages of this research, we also explored seasonal
variation in other frequently used therapeutic groups in both
countries. We did not find seasonal variation in the use of tetracyclines and sulfonamides in Mexico and tetracyclines, quinolones, and sulfonamides in Brazil. The seasonal variation in quinolones in Mexico and macrolides in Brazil did not show significant
changes after the restrictions took effect. In Mexico, macrolides
had a decrease in the seasonal variation of 0.052 DDD/TID in
autumn compared to summer. We expected these results, because
these classes of antibiotics are less frequently used for self-medication (12, 13).
A possible limitation of the data is the underestimation of antibiotic use in the whole country, since we focused just on privatesector consumption. Nevertheless, the use of these data from the
private sector allowed us to assess the changes in use of antibiotics
in the sector where self-medication is relevant and where the policy was implemented; self-medication is less likely to happen in
the public sector, where pharmacies dispense only with demonstration of a prescription. Since we looked at relative changes over
time and because we corrected for changes in the coverage by
adjusting for antihypertensive use focusing only on the private
sector, this limitation does not affect the overall results. The use of
IMS Health data allowed us to make a comparison of the same
type of sales restrictions between countries.
To the best of our knowledge, no previous work has estimated
the impact of OTC restrictions on seasonal variation in the use of
penicillins. This measure could be helpful to determine the impact
of policy changes on the rational use of antibiotics, which could be
reinforced using information campaigns to guide patients to seek
treatment and avoid self-medication. Information campaigns
have been a key factor in the success of the results of a similar
policy in Chile (22, 23), but there was no implementation of such
campaigns in Mexico and Brazil. Our results have important policy implications, because the evaluation of these policies can help
decision makers to take corrective actions if needed as well as
monitoring the progress of this policy change. The main objective
of OTC restrictions implemented in Mexico and Brazil was to
reduce the use of antibiotics in the general population. The requirement of a medical prescription to get antibiotics in private
pharmacies was aimed at preventing self-medication with this
therapeutic group and consequently controlling antibacterial resistance. We suggest that, in addition to the evaluation of changes
in level and trend of use, it is important to examine changes in
seasonal variation, because this adds information on inappropri-
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TID for Mexico and 0.7 DDD/TID for Brazil, which corresponds
to a 46% and 39% difference, respectively, between the mean consumption in summer and the mean consumption in winter. Previous studies have found that northern European countries, where
inappropriate use of antibiotics is lower, showed a mean difference of 23% in consumption of antibiotics between winter and
summer. In contrast, southern European countries, where inappropriate use of antibiotics is higher, showed a mean difference of
38% of consumption of antibiotics between seasons (2, 9). If we
follow the same method for our data from Mexico and Brazil, the
inappropriateness of penicillin use was similar to that in southern
Europe 2 years before the OTC restrictions but decreased by 9% in
Mexico and increased 1% in Brazil after the OTC restrictions.
The limitation of using this method to assess seasonality is the
impossibility of determining whether the changes (if any) in the
seasonal variation were significant after the OTC restrictions.
Therefore, in the present work, we measured changes in the seasonal variation by adding interactions with dummy variables to an
interrupted-time-series model. Following this method, we found
that for Mexico the significant change in seasonal variation of
overall use of penicillin from 1.1 DDD/TID to 0.7 DDD/TID was
mainly due to the reduction in the seasonal variation of two active
substances; amoxicillin, with a decrease of 34%, and ampicillin,
with a decrease of 93%, indicating a more appropriate use of these
medicines after the OTC restriction. A key question is what might
explain these findings. A possible explanation is that self-medication with antibiotics is expected to take place to solve upper respiratory infections (URI). The use of amoxicillin in combination
with clavulanic acid is recommended in international and national guidelines to treat URI caused by bacteria, in both children
and adults (16, 17), because this combination increases the coverage to include both ampicillin-resistant Haemophilus influenzae
and Moraxella catarrhalis (16). Therefore, the use of this combination would increase to some extent during autumn-winter seasons, when a high incidence of this type of infection occurs. Our
analyses did not show changes in the level of use and seasonal
variation in both countries, suggesting that this combination was
not frequently sold OTC before the restriction of sales. Moreover,
amoxicillin alone is also included in the clinical guidelines to treat
URI (16), though it seemed that this active substance was consumed inappropriately before the OTC restriction in Mexico,
since this country exhibited a decrease in the seasonal variation
(just for autumn) and a marginal reduction in the level of use.
Contrarily, ampicillin—not widely recommended for URI, because several bacteria such as H. influenzae, are already resistant to
it (16)—showed large seasonal variation before the restriction of
antibiotic sales was enforced. The seasonal variation of this active
substance vanished after the OTC restriction in Mexico, suggesting that this drop in use was mainly due to the reduction of selfmedication and inappropriate use. This result is in line with previous
reports of a high rate (78%) of self-medication in Mexico (http:
//opinionpublicauvm.mx/automedicacion/infografia) and with the
finding that ampicillin was one of the most consumed medicines in
2010 (http://www.eluniversal.com.mx/notas/668756.html) (18), as a
consequence of which a high rate of resistance to this active substance
has been observed (19).
Contrary to our expectations, we did not find a significant
difference in the overall use of penicillins between seasons in Brazil or by active substance. This unexpected result, together with
the increasing trend in the use of penicillins in Brazil over time,
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ateness of use, such as self-medication behavior after a restriction
of OTC sales of antibiotics goes into effect.
The policies to restrict OTC sales of antibiotics led to a decrease
in seasonal variation in Mexico but not in Brazil, which may indicate that inappropriate use of penicillins diminished after the restrictions were enforced in Mexico. For Brazil, the increasing use
of penicillins together with no change in seasonal variation suggests that further efforts are needed to reduce their inappropriate
use.
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