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Abstract

Background The endorsement of unproven COVID-19 treatment marked the political bias in Brazil's pandemic
response. This study aimed to analyze the trends in the consumption of azithromycin (AZl), chloroquine/
hydroxychloroquine (CQ/HCQ), and ivermectin (IVM) considering COVID-19 cases and key political events.

Methods A retrospective cohort study was conducted to analyze the weekly outpatient dispensing records

of AZI, CQ/HCQ, and IVM from the National Database of Actions and Services of Pharmaceutical Services in SUS
(BNAFAR) and the COVID-19 incidence rates from January 2019 to December 2021. A joinpoint regression analysis
was employed to assess shifts in COVID-19 incidence rates and AZI, CQ/HCQ, and IVM consumption in outpatients,
expressed as Defined Daily Dose per 1,000 inhabitants per day (DID), in Brazil and its five geographical regions taking
into consideration the timing of three political events.

Results There was a significant increase in AZl, CQ/HCQ, and IVM consumption during the COVID-19 pandemic in
Brazil of 62.8%, 504.6%, and 525.7%, respectively. Adults and women had higher DID; however, a higher proportional
rise was observed among men, especially for CQ/HCQ. A notable increase in the consumption of CQ/HCQ during

the first COVID-19 wave, IVM in the second, and AZl in both waves was more pronounced in the South, Midwest, and
North of Brazil. This pattern coincided closely with the timeline of COVID-19 incidence rates and showed an upward
trend in all three medicines after key political events that endorsed their use, particularly in these three regions. No
corresponding downward trend in COVID-19 cases was observed despite the increased use of these medicines. A
significant reduction in consumption nationwide was observed after an increase in vaccination coverage, resulting in
a DID near pre-pandemic levels.

Conclusion The study provides substantial evidence on the relationship between COVID-19 incidence, political
events, and the consumption of AZI, CQ/HCQ, and IVM during the pandemic in Brazil. The findings suggest that
consumption trends were aligned with regional political affiliations and the COVID-19 incidence rates. These highlight
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the importance of political determinants of inappropriate medicine utilization that wastes scarce resources and
increases the risk of adverse health outcomes and antimicrobial resistance.

Keywords COVID-19, Drug utilization, Health policy, Azithromycin, Chloroquine, Hydroxychloroquine, lvermectin,

Brazil

Introduction

The coronavirus disease 2019 (COVID-19) pandemic
posed new challenges to healthcare systems globally. At
the onset of the pandemic, initial studies showed a poten-
tial off-label use of medicines such as ivermectin (IVM),
and chloroquine/hydroxychloroquine (CQ/HCQ) among
others repurposing available drugs to treat COVID-19 [1,
2]. In March 2020, early studies indicated that COVID-19
patients were at risk of bacterial co-infection or second-
ary infection, particularly associated with Mycoplasma,
for which the antibiotic azithromycin (AZI) is the pri-
mary treatment [1, 3]. Shortly after, in April 2020, a study
argued for an antiviral activity of IVM against the SARS-
CoV-2 virus in vitro [2].

In the early pandemic, this discussion quickly became
part of political debates where individuals in positions of
power gave CQ/HCQ the silver bullet status [4, 5]. Influ-
ential figures’ advocacy for unproven medicines during
the pandemic has intensified public interest in these ther-
apies with extensive promotion on social media across
the globe, notably in Brazil and the U.S [6, 7]. The scien-
tific knowledge and evidence became a subject of politi-
cal polarization.

Several national guidelines, particularly in Latin Amer-
ica, recommended the use of AZI, CQ/HCQ, and IVM
use for COVID-19 treatment or prevention, despite the
lack of good-quality scientific evidence [8]. In Brazil and
Latin America, the promotion and distribution of medi-
cines for “early treatment” of COVID-19, commonly
referred to as the ‘Covid Kit’ [9] was observed. Endorsing
unproven medications to prevent the spread of the virus
instead of non-pharmacological preventive measures
symbolized political bias in Brazil's pandemic response
[10], implying a significant financial cost of approxi-
mately $16 million [11].

In Brazil, physicians were encouraged to prescribe
COVID-19 kit medicines under medical autonomy by a
decision from the Brazilian Federal Board of Medicine
(FBM-Br) in April 2020 advocating for CQ/HCQ use in
COVID-19 patients [12]. Additionally, physicians were
also guided by a national protocol- “Early Treatment of
Patients with COVID-19”- from the Ministry of Health
(MoH) in May 2020 [13]. The protocol, in effect from
May 2020 to May 2021, recommended using CQ/HCQ
alone or in combination with AZI for patients at any
stage of the disease, including in ambulatory settings.

Bolsonaro, a far-right populist, ascended to power
in 2018 [14]. His presidency was characterized by

pro-market policies and the strategic use of disinforma-
tion and anti-scientific rhetoric to undermine democratic
institutions that opposed his political agenda [15].

While AZI, CQ/HCQ, and IVM consumption trends
have been extensively studied in North America, Europe,
and Australia, evidence from South America is still lack-
ing. Furthermore, it is unclear how the political dis-
course, guidelines, and the COVID-19 incidence rate
possibly influence medicine consumption trends.

This study aims to fill this knowledge gap by studying
the consumption trends of azithromycin (AZI), chloro-
quine/ hydroxychloroquine (CQ/HCQ), and ivermectin
(IVM) in the Brazilian universal public health system,
called Unified Health System (SUS, from the Portuguese
“Sistema Unico de Satide), between January 2019 and
December 2021, considering COVID-19 incidence rates
and key political events.

Methods

Study design and setting

This is a retrospect cohort study that uses a joinpoint
regression analysis to assess changes in trend in the inci-
dence of COVID-19 and the consumption of AZI, CQ/
HCQ, and IVM in outpatients treated at public ambu-
latory health facilities in Brazil, from January 2020 to
December 2021 (EW 1/2020 to 52/2021).

The political events during the COVID-19 pandemic
management in Brazil considered in the analysis were:
(a) the publication of a Technical Report by the FBM-Br
advocating the use of CQ/HCQ in COVID-19 patients on
April 16, 2020 [12] (Flag 1); (b) the launch by the MoH
of “TrateCov’ application in Manaus (capital of Amazonas
state) on January 11, 2021'° (Flag 2); and (c) the achieve-
ment of more than 60% of COVID-19 vaccination cover-
age for the first dose [17], which varied according to the
geographical region (Flag 3).

Data source and inclusion criteria
We used the National Database of Actions and Services
of Pharmaceutical Services in SUS (BNAFAR). BNAFAR
contains medicine dispensing records from SUS’s health
facilities at the outpatient level. Created in 2013, it is
under the responsibility of the MoH and consolidates the
national data on Pharmaceutical Services in the Brazilian
public health system, known as the Unified Health Sys-
tem (SUS) [18].

Primary health care (PHC) data reporting to BNA-
FAR is mandatory only for municipalities that receive
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subsidies from the federal government to improve
the infrastructure of pharmaceutical services [19, 20],
accounting for 63% of all municipalities until 2023 [21].
Therefore, BNAFAR is still in implementation, not all
municipalities report their data Approximately 32% of
SUS PHC facilities that dispense medicines to users
[22] had records of antimicrobials dispensing in BNA-
FAR between 2019 and 2021. BNAFAR’s coverage across
geographical regions is Southeast (52.5%) and South
(51.9%), followed by Midwest (39.3%), North (25.5%), and
Northeast (17.1%). Patients have to show a prescription
to obtain AZI, CQ/HCQ, and IVM, as well as any other
medicines dispensed through the SUS.

We used individualized and anonymized data from
AZI, CQ/HCQ, and IVM dispensing records from Janu-
ary 2019 to December 2021. Our primary outcome was
changes in medicine consumption trends during the
COVID-19 pandemic and the exposure of interest. The
consumption was analyzed weekly and expressed as a
Defined Daily Dose (DDD) per 1,000 inhabitants per day
(DID) [23]. DDD is the average daily dose of a medication
used for adults and its primary intended use, as standard-
ized by a World Health Organization (WHO) collaborat-
ing center [23].

To minimize the risk of bias, we excluded facilities that
did not record at least one dispensation of any antimicro-
bial each year and those that registered all dispensations
under a single user identification as well as patients with
more than 30 dispensing records throughout the period.

Our secondary outcome was the incidence of COVID-
19, aiming to compare trends in disease incidence in
Brazil and its five geographical regions with the evolu-
tion of AZI, CQ/HCQ, and IVM consumption. This data
was collected from the Coronavirus Brazil website [24].
We calculated the incidence rates by dividing the number
of new cases in each epidemiological week (EW) by the
population of Brazil and each region.

Statistical analysis

We conducted descriptive bivariate analysis illustrating
the distribution of consumption by medicine, patient
sex, age group, and geographical region over time. We
performed an ANOVA test to analyze the difference
between the means of DID in the years for each variable,
considering a 95% confidence interval. We also calculated
the percentage difference from 2019 (pre-pandemic year)
to 2020 and 2021 (pandemic years).

To analyze medicine consumption trends and COVID-
19 incidence, we performed a joinpoint regression analy-
sis [25]. Joinpoint regression is a statistical method that
identifies points where a significant change in trend
occurs in a data series. It models the data by fitting linear
segments, and at each “joinpoint” (the point where two
segments meet), a statistically significant change in the
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trend is identified. The model estimates variation using
Poisson regression and significance tests for trend change
using the Monte Carlo permutation method. In the final
model, each joinpoint represents a statistically signifi-
cant shift in the trend (increase or decrease), and each of
the segments is described by a coefficient (slope), which
indicates the rate of change within that segment [25, 26].
Each inflection point highlights significant changes even
if the slope of a particular segment may not be statisti-
cally significant (p-value <5%). Using the software Join-
point Regression Program, version 4.6.0.0, we analyzed
the data under the assumption of constant variance
(homoscedasticity) and first-order autocorrelation.

We chose joinpoint analysis instead of interrupted
times series (ITS) due to the difficulty of controlling
many time-varying confounders in a dynamic event like
the COVID-19 pandemic. Therefore, the series was not
a candidate for the ITS approach, which presupposes the
non-existence of concomitant policies/events affecting
the outcome and the time itself [27]. Joinpoint is a data-
driven analysis that is better suited for this scenario since
where it is unclear which event determined changes in
trend [28].

Results

This study analyzed 7,217,313 AZI, CQ/HCQ, and IVM
dispensing records in SUS public outpatient pharma-
cies from January 2019 to December 2021, accounting
for 17.3% of all public antimicrobial records during this
period. The data covered 48.7% of health facilities at this
level of care, which dispensed at least one antimicrobial
in this period.

There was an increase in consumption of all these
drugs during the COVID-19 pandemic. IVM and CQ/
HQC exhibited a step up of over 500% in their con-
sumption from 2019 to 2021, and AZI 62.8%. Adults and
females were the biggest consumers. However, men had a
higher proportional increase in 2020 and 2021 compared
to 2019, especially for CQ/HCQ (1,697.2% and 1,724.2%,
respectively).

Consumption was higher in the South, Midwest, and
North. The percentage difference between the post and
pre-pandemic years was higher in the Midwest (305.3%)
and Northern (260.4%) regions (Table 1). Most health
facilities included in this study were in the Southeast
(33.49%), Northeast (27.28%), and South (25.78%).

The trends in AZI, CQ/HCQ, and IVM consumption
during the pandemic period and in COVID-19 inci-
dence were similar (Table 2; Figs. 1 and 2, and 3). The
AZI and IVM time series inflection points, which repre-
sent the changes in their consumption trends, coincided
with those of the COVID-19 incidence series, mainly
in the Southern, Midwest, and Northern regions. The
same happened with CQ/HCQ, but in contrast, it only
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Table 1 Azithromycin, chlorogquine/ hydroxychloroquine, and ivermectin consumption in a defined daily dose per 1,000 inhabitants

per day. Brazil, January 20,219 to December 2021

Variables Consumption (DID)
2019 2020 2021 Total Dif%* Dif%*
2019-2020 2019-2021
Total 02176 0.4068 0.5257 0.1500 86.9% 141.6%
Drugs Azithromycin 0.1805 0.2530 0.2939 0.7275 40.1% 62.8%
Chloroquine/ Hydroxychloroquine 0.0002 0.0011 0.0011 0.0024 479.0% 504.6%
Ivermectin 0.0369 0.1526 0.2307 04202 314.0% 525.7%
Sex Female 0.1090 0.2088 0.2477 0.5655 91.5% 127.1%
Azithromycin 0.0909 0.1309 0.1382 0.3600 44.1% 52.2%
Chloroquine/ Hydroxychloroquine 0.0001 0.0006 0.0007 0.0015 336.8% 387.0%
Ivermectin 0.0180 0.0773 0.1087 0.2040 328.4% 502.6%
Male 0.0662 0.1406 0.1797 0.3865 112.5% 171.6%
Azithromycin 0.0544 0.0848 0.0964 0.2356 56.1% 77.3%
Chloroquine/ Hydroxychloroquine 0.0000 0.0004 0.0004 0.0007 1697.2% 1724.2%
Ivermectin 00118 0.0554 0.0829 0.1501 370.5% 604.2%
Age groups Children (0-12 years) 0.0084 0.0068 0.0083 0.0235 -20.0% -1.8%
Adolescents (13-17 years) 0.0042 0.0056 0.0075 0.0173 31.2% 77.3%
Adults (18-64 years) 0.0434 0.1017 0.1258 0.2710 134.2% 189.7%
Older adults (>=65 years) 0.0078 0.0134 0.0143 0.0355 72.3% 84.0%
Regions North 0.0784 0.1998 0.2826 0.5608 154.8% 260.4%
Northeast 0.0398 0.0804 0.0608 0.1811 101.9% 52.6%
Southeast 0.0641 0.0981 0.1341 0.2963 53.0% 109.2%
South 0.1971 0.3298 04686 0.9954 67.3% 137.7%
Midwest 0.0859 0.2670 0.3480 0.7009 210.9% 305.3%

p-value <5% for each row in the ANOVA test by years
*Dif% = difference percentage

happened in the first peak of incidence, especially in the
Northern region. A significant reduction in AZI, CQ/
HCQ, and IVM usage was observed after the vaccination
coverage increase around EW 13/2021. Flag 3 (> 60% vac-
cination coverage) occurred from EW 34-37/2021, with
a delay in the North until EW 45/2021.

The consumption trends of AZI, CQ/HCQ, and IVM
exhibited some relevant differences among themselves
and across regions. Regarding AZI, the consumption
trends are very similar to the COVID-19 case rates in
the Midwest, Southeast, and, more evidently, the North.
AZI consumption increased notably right after the first
flag (EW 16/2020). There was also a significant upward
trend in AZI usage between EW 17 to 20/2020 and 22
to 28/2020 in the Southeast and Northeast, respectively.
At the beginning of 2021, AZI consumption sharply
increased in the North, coinciding with an increased
trend in cases and the launch of the “TrateCov’ app in EW
3/2021 (Flag2). The Southern region had the highest total
consumption of AZI during the pandemic, although the
inflection points differed from those of COVID-19 inci-
dence. The increase in AZI consumption in the South at
EW 09/2021 coincided with the COVID-19 cases until
EW 24/2021.

Regarding CQ/HCQ utilization, a pronounced upward
trend occurred in the initial phase of the pandemic

across all regions. However, during the second peak of
incidence, the CQ/HCQ usage remained low and stable,
except in the South and Midwest. The South experienced
its more relevant upward CQ/HCQ consumption trend
in 2021 (EW 6/2021). In the Midwest, there was another
increasing trend at the end of 2020, between EW 45 and
50. Changes in CQ/HCQ use trends did not seem rele-
vant in the Northeast and particularly in the Southeast.
The IVM consumption was highest in the North and
Midwest, increasing drastically from EW 18/2020 and
24/2020, respectively, coinciding with a significant
increase in the incidence of COVID-19 and with Flag
1. Similarly, the subsequent decline in consumption
converged with a reduction in incidence. We observed
increased IVM consumption across all regions as the
COVID-19 incidence built up, particularly in the North,
South, and Midwest, especially during the second wave.
The initial shift in trend, marked by a significant
increase in IVM use, was observed in the North and
Northeast during epidemiological weeks 15 and 17/2020,
respectively, followed shortly after in the Midwest (EW
24/2020). After decreasing COVID-19 incidence around
EW 28/2020, a decline in the consumption of IVM was
also observed. However, this trend shifted during the sec-
ond wave of cases, reaching more pronounced consump-
tion levels in the North, South, and Midwest. The models
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did not point out relevant upward trends in IVM usage in
the Northeast and Southeast.

In early 2021, the consumption of the three drugs
showed a downward trend despite the incidence of
COVID-19. When vaccination reached 60% coverage
(Flag 3), consumption levels were already lower and close
to pre-pandemic levels. By the end of this year, following
a new increase in the rate of new cases, there was a dis-
creet but significant increase in the consumption of AZI
in the North, Southeast, and Midwest, such as IVM in
the North and South.

Discussion

Our study provides significant evidence of the relation-
ship between COVID-19 cases, key political events, and
AZI1, CQ/HCQ, and IVM consumption in the SUS during
the pandemic in Brazil.

We found a 62.8% increase in the dispensing of AZI,
504.6% of CQ/HCQ), and 525.7% IVM compared to the
pre-pandemic level at SUS public pharmacies. AZI con-
sumption increased at the two points in time of highest
COVID-19 incidence rates in the period analyzed. This
antibiotic was widely used in patients diagnosed with the
disease, due to its immunomodulatory and anti-inflam-
matory effects and the possibility of bacterial secondary
or co-infections of these patients. However, its use was
not associated with improved clinical outcomes [29].

The peak in CQ/HCQ consumption occurred dur-
ing the first wave of the pandemic. At this moment the
FBM-Br’s technical report was published, followed by
MoH’s guideline, recommending the use of this medicine
to treat COVID patients. A similar pattern was observed
in the U.S [30], where the then President also advocated
using CQ/CHQ, attempting to offer a simplistic solution
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to a complex problem, thereby politicizing the pandemic
[5].

On the other hand, the increase in national IVM con-
sumption was more pronounced during the second wave.
In at least 8 countries in Latin America, including Bra-
zil, governments distributed IVM in an attempt to reduce
hospitalizations, despite the lack of good scientific evi-
dence supporting its efficacy [9]. In the U.S. there was
also a significant rise in the outpatient use of ivermectin,
reaching a 989% rise in January 2021 [31].

During the COVID-19 pandemic, leadership in power
downplayed the severity of the crisis and rejected scien-
tific evidence, discredited democratic institutions, using
denialist rhetoric, and shifting responsibility for deaths
and economic crises onto external entities, such as sub-
national governments and international organizations.
The rejection of scientific advice politically undermines

the legitimacy of scientific expertise and its institutions,
further reducing public trust in these authorities [32, 33].

Changes in consumption were not limited to pub-
lic facilities. In the private sector sales of IVM and CQ/
HCQ experienced a dramatic surge, skyrocketing by over
10 million percent, as their sales were negligible before
this pandemic [34]. AZI sales also experienced a signifi-
cant increase, reaching almost 70% [34].

Despite the significant rise in the use of these medi-
cines throughout the pandemic, there was no corre-
sponding decrease in the COVID-19 incidence in Brazil.
The cases continued to grow regardless of the use of these
medicines. These trends were more clearly observed in
the Northern, Southern, and Midwest regions. A signifi-
cant reduction in AZI, CQ/HCQ, and IVM usage was
observed nationwide only after the advancement of vac-
cination coverage.
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The increases in consumption in men were exception-
ally high compared to women. This might be related to
the higher incidence of COVID-19 in males [35] and
political alignment [36]. Our findings indicate that con-
sumption trends are associated with the region’s politi-
cal affiliations. Areas with a higher concentration of
voters leaning towards the right spectrum [37], such as
the Northern, Southern, and Midwest regions, exhibited
the most significant shifts in consumption trends of AZI,
CQ/HCQ, and IVM, strongly aligned with the epidemio-
logical landscape of COVID-19.

The federal government made successive efforts to
promote using these three medicines for early COVID-
19 treatment. The then-president heavily used his social
media to disseminate misinformation regarding COVID-
19. He downplayed the disease’s lethality, referring to it
as a “little flu” nationally at the onset of the pandemic,
opposed key containment measures, and promoted

treatments with medicines not recommended outside
clinical trials [7]. In addition, evidence suggests that he
sabotaged vaccination, delaying their purchase and fos-
tering public mistrust in the efficacy and safety of vac-
cines [38].

The results provide a detailed analysis of the asso-
ciation between the COVID-19 case incidence and the
consumption of AZI, CQ/HCQ, and IVM. For instance,
in periods of increased incidence, consumption showed
an upward trend and decreased when the transmission
was more controlled. This is clear in the case of Manaus,
located in the Amazon region (North), the first large city
severely affected by the coronavirus in April and May
2020. This period was characterized by hospital over-
crowding, the collapse of the city’s funeral system, and
the use of mass graves, coinciding with the sharp increase
in AZI, CQ/HCQ, and IVM consumption [39].
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At the end of 2020, following the emergence of the new
P1 (gamma) variant in Manaus, the federal government
intensified its promotion of the Covid Kit [7] and pres-
sured the Amazonas state government to avoid imple-
menting stricter lockdown measures despite a surge in
cases [40]. There are indications that the federal govern-
ment aimed to position Manaus as a successful model
for early treatment [40]. However, the outcomes were
catastrophic: the city experienced the most severe pan-
demic scenario in Brazil, recording the highest mortality
rate during this period. The healthcare system ultimately
collapsed, leading to a critical shortage of oxygen cylin-
ders in hospitals, which resulted in patient deaths from
asphyxiation [39, 40].

Given this context, it was expected that the North
region would experience a more significant increase [35]
in the consumption of Covid Kit medications in early
2021, as observed in this study. The Midwest and South
regions also experienced significant changes in consump-
tion trends, which can be linked to the greater political
alignment of the population from these regions [37].

The introduction of treatment guidelines or apps to
guide prescription was associated with changes in con-
sumption. In early January 2021 (EW 02/2021), the min-
ister of Health personally visited Manaus, the capital of
Amazonas State, to launch the TrateCov app. This app
aimed to facilitate the diagnosis and to propose treat-
ment with drugs such as AZI and IVM from Covid Kit
[16]. As launched in Manaus, the app seemed to impact
increasing the consumption of AZI and IVM only in the
North region, despite becoming accessible all over the
country. The fact that the app was disabled within 15 days
due to many controversies, such as suggesting treatment
for anyone with few symptoms and the same dose for dif-
ferent groups (e.g., children, pregnant women, and the
elderly) [16] may explain why consumption trends did
not seem to have been affected by the app release in other
regions.

The study results suggest that the use of AZI, CQ/
HCQ, and IVM did not prevent the transmission of the
infection, which is aligned with many studies’ evidence
regarding the inefficacy of these to improve COVID-
19 patient outcomes [29, 41, 42]. In contrast, the false
sense of security decreases adherence to containment
measures, such use of masks and social distancing. Lal-
wani et al. [35] found that risky behavior during the pan-
demic was more prevalent among users of the Covid Kit.
Besides, the use of these medicines was associated with
an increased development of adverse drug reactions [34].
A recent study estimated that, during the pandemic’s first
wave, 17,000 COVID-19 inpatient deaths were related to
the use of HCQ [43].

The absence of national unity and integrated policies
compelled states and municipalities in Brazil to develop
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their own strategies based on political alignment and
financial capacity. This fragmentation resulted in sig-
nificant asymmetries in pandemic mitigation measures
across the country. Such disparities are particularly con-
cerning given Brazil’s vast size and the existing regional
inequities [44].

An intense decentralization of pandemic management
measures occurred in the second wave, marked by the
health ministers’ increased deference to the President
[37]. This may explain the significant difference in AZI,
CQ/HCQ, and IVM consumption across regions in 2021.

Xavier et al. [37] suggested that the pandemic’s impact
on Brazil’s municipalities varied according to pre-exist-
ing social and political conditions. Municipalities with
a high Human Development Index (HDI), lower income
inequality, and well-structured healthcare services may
have exhibited high mortality rates due to their political
stance affecting individual risk behavior and counter-
acted favorable pandemic responses.

Conversely, areas with fewer financial resources and
more precarious health services, such as the Northeast,
were able to achieve better outcomes in managing the
pandemic. The nine region states joined forces through
the Northeast Sustainable Development Interstate Con-
sortium (Northeast Consortium), created in 2019, to
define joint actions and facilitate the purchase of medical
equipment and necessary supplies [45]. Additionally, a
Scientific Committee was created to guide actions based
on scientific evidence. This may explain the less signifi-
cant changes in the consumption of AZI, CQ/HCQ, and
IVM in the region, even during high COVID-19 inci-
dence periods in the second wave.

The rise in the consumption of AZI, CQ/HCQ, and
IVM, led to a poor management of scarce resources,
especially considering the public production of medi-
cines. As an example, CQ/HCQ had its production
increased 12 times in 2020, much higher than the
increase in consumption [46].

After the onset of vaccination in EW 3/2021 (almost
the same period as Flag 2), the incidence of COVID-19
began to decrease, along with a decline in medicine con-
sumption trends. The reason for the decline was possibly
the rapid increase of the vaccine update, which resulted
in a 76% vaccination rate, at least with the first dose, by
December 2021 [17].

Limitations

First, BNAFAR’s coverage of SUS pharmacies is limited,
especially in the Northeast and Northern regions, where
we have an underrepresentation of PHC facilities. How-
ever, we analyzed consumption patterns within the same
facilities over the study period. This minimizes potential
biases and provides valuable results about significant
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changes in the consumption behavior of medicines of
interest during the pandemic.

Second, some Brazilian municipalities carried out a
mass distribution of the Covid Kit. It is possible that the
dispensing of these medicines was not recorded in the
database and, therefore, the consumption results may be
underestimated. Third, the consumption from SUS out-
patient health facilities does not necessarily reflect the
whole country. Private pharmacies sold 52 million Covid
Kit tablets during the pandemic with or without medical
prescription [47]. Patients can only access medicines at
SUS pharmacies with a prescription. Therefore, the med-
icine consumption reported here reflects the physician’s
prescription patterns within SUS.

Despite most of the Brazilian population being depen-
dent on SUS services, significant regional differences
exist. North and Northeast have the highest percentage
of SUS dependence (almost 90%) [48]. However, being
disadvantaged in terms of financial resources, these
regions may have experienced shortages of these medi-
cines, potentially resulting in data loss due to suppressed
demand. Another limitation was that the joinpoint model
could not appropriately capture the trend variations
in COVID-19 incidence and DID consumption in the
Southern region. This was due to the significant instabil-
ity of the trend over time.

Conclusion

This study revealed significant changes in AZI, CQ/HCQ,
and IVM consumption during the COVID-19 pandemic
in Brazil, particularly in the North, Midwest, and South
regions, where medicine consumption mainly coincided
with the trends of COVID-19 incidence and key politi-
cal events. The increased use of these medicines did not
lead to a decline in COVID-19 incidence. Both, incidence
and medicine use decreased as vaccination coverage
expanded nationwide.

Political endorsement of therapies has shown to be a
crucial determinant of medication use and must be care-
fully and adequately employed. Also, it should be stud-
ied more systematically to understand better drivers of
inappropriate consumption, population harm, waste of
limited resources, and an increased risk of antimicrobial
resistance. This research suggests that COVID-19 treat-
ment recommendations, heavily influenced by a political
party ideology and lack of scientific backing, likely con-
tributed to increased AZI, CQ/HCQ, and IVM consump-
tion in Brazil’s National Health System.

Future policies should focus on developing and imple-
menting evidence-based guidelines, particularly in
response to political influences that may skew public
health decisions, followed by close monitoring compli-
ance. Robust communication strategies that clearly con-
vey the risks associated with unproven treatments must
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be prioritized. Furthermore, future studies should inves-
tigate the long-term impact of political determinants
on prescription practices and public health outcomes,
including antimicrobial resistance and adverse health
effects. Research should explore the effectiveness of edu-
cational interventions aimed at both healthcare providers
and the public to mitigate the misuse of medications in
future health crises.
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