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Objectives: Early in vitro studies have suggested that hydroxychloroquine (HCQ) is a potentially useful
drug against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections. This study was
conducted to determine whether HCQ had a preventive effect on coronavirus disease 2019 (COVID-19) in
rheumatic disease patients who were taking HCQ.
Methods: We conducted a population-based retrospective cohort study using the records of the Korean
Health Insurance Review and Assessment (HIRA) claim records. The clinical data of patients with
rheumatoid arthritis (RA) or systemic lupus erythematosus (SLE) who were tested for SARS-CoV-2 were
investigated. We compared the attack rate of COVID-19 between those who underwent HCQ therapy
within 14 days before the test for SARS-CoV-2 (HCQ users) and HCQ non-users. Data were analysed using
logistic regression models, c2, and Student's t-tests.
Results: As of 15th May 2020, 2066 patients with RA or SLE were tested for COVID-19. Among them,
31.4% (649/2066) were treated with HCQ. Most HCQ users (93.7%, 608/649) were taking 200e400 mg/
day recommended for the treatment of rheumatic diseases. The attack rate of COVID-19 in the HCQ users
(2.3%, 15/649) did not differ from that in the HCQ non-users (2.2%, 31/1417) (p 0.86).
Conclusions: HCQ prophylactic use at a usual dose did not prevent COVID-19 in patients with rheumatic
disease. Sun-Young Jung, Clin Microbiol Infect 2021;27:611
© 2020 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and

Infectious Diseases. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

In December 2019, coronavirus disease 2019 (COVID-19)
outbreak caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) occurred in Wuhan, China [1], and it has
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developed into a devastating pandemic over several months. Re-
searchers worldwide are trying to repurpose existing drugs known
to have antiviral effects and to formulate new antiviral drugs and
vaccines to combat this disease. Hydroxychloroquine (HCQ), used
in patients with malaria or rheumatic disease, was regarded as one
of the promising repurposed drugs early in the pandemic [2]
because in vitro studies demonstrated the antiviral properties of
HCQ on SARS-CoV-2 [3,4]. As expected, a favourable effect was
observed in some earlier studies, including a small number of pa-
tients [5e7]; however, in subsequent clinical studies with larger
numbers of patients no therapeutic effect has been observed at all
[8e10]. In a recent meta-analysis, HCQ did not reduce the mortality
rate of hospitalized adult COVID-19 patients [11].
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Two additional clinical studies were performed to investigate
the preventive effect of HCQ immediately after or before SARS-
CoV-2 exposure [12,13]. In both studies, the effect of HCQ was
not observed, but there were some important limitations such as
late administration of HCQ [12], insufficient laboratory diagnosis
[12], inclusion of only young and healthy participants [13], and
small numbers of participants [13]. Therefore, to investigate the
effect of HCQ on laboratory-confirmed COVID-19 incidence,
another large-scale study is needed to compare outcomes be-
tween HCQ users before SARS-CoV-2 exposure and HCQ non-
users, with a large number of participants, including older
adults and those with chronic medical conditions. This study
aimed to compare the attack rate of COVID-19 between rheumatic
disease patients who were HCQ users before exposure to SARS-
CoV-2 and HCQ non-users.

Methods

Data sources and study subjects

In this population-based retrospective study, we used the
nationwide database of de-identified COVID-19 patients provided
by the Korean government for domestic and international re-
searchers. The database contains Health Insurance Review and
Assessment (HIRA) claim records of 234 427 individuals tested for
COVID-19 until 15th May 2020. The data include detailed infor-
mation regarding patients' demographics, diagnoses, prescriptions,
procedures, and outcomes. We used the Korean Classification of
Diseases seventh revision (KCD-7)/International Classification of
Diseases (ICD-10) codes and special codes provided by the Rare
Intractable Diseases (RID) programme to identify systemic lupus
erythematosus (SLE) from the database. The drugs used were
identified using Anatomical Therapeutic Chemical (ATC) codes and
HIRA general name codes.

Study population description

The study population included patients diagnosed with
rheumatoid arthritis (RA) or SLE. Patients with RAwere defined as
those who were prescribed any of the disease-modifying anti-
rheumatic drugs (DMARDs) with the following KCD-7/ICD-10
codesdM05 (seropositive RA) or M06 (other RA)dwithin 1 year
before the COVID-19 test, regardless of age. DMARDs included
conventional DMARDs (cDMARDs) such as methotrexate, sulfa-
salazine, leflunomide, tacrolimus, and HCQ, biological DMARDs
(bDMARDs) such as etanercept, infliximab, adalimumab, goli-
mumab, abatacept, tocilizumab, and rituximab, and targeted
synthetic DMARDs (tsDMARDs) such as tofacitinib and baricitinib.
A patient was considered to take DMARDs if an oral medication
was prescribed for �30 days, or if an injection was administered
more than once. Patients with SLE were defined as those who had
both the KCD-7/ICD-10 code M32 (SLE) and the special code of the
RID program (V136) within 1 year before the COVID-19 test,
regardless of age.

HCQ users versus HCQ non-users

The HCQ users included those patients who took HCQ for at
least one day during the 14-day (incubation) period before the
COVID-19 test, and the HCQ non-users included those who did
not. The COVID-19 attack rate was compared between the two
groups repeatedly by changing the 14 days included in the HCQ
user's definition to a 5-, 30- or 90-day period (sensitivity anal-
ysis). This was because there are no known regimens of HCQ that
have proven to be effective for the prevention of SARS-CoV-2, and
considering that the mean COVID-19 incubation period is 5 days
[13] and the elimination half-life of HCQ is distributed up to more
than a month [3].

Identification of COVID-19 cases

COVID-19 cases were identified using the following KCD-7/
ICD-10 codes: B34.2 (coronavirus infection, unspecified site),
B97.2 (coronavirus as the cause of diseases classified to other
chapters), U18 (provisional assignment of new diseases of un-
certain aetiology or emergency use), U18.1 (novel coronavirus
infection), and U07.1 (coronavirus 2019). These diagnostic codes
were given only if a definitive diagnosis of COVID-19 was made
based on positive nasopharyngeal swab specimens tested with
real-time reverse transcription polymerase chain reaction (rtPCR)
assays.

Data collection and definitions

Comorbidities were defined based on claim codes within 1 year
before the COVID-19 test and evaluated using the Charlson Co-
morbidity Index [14]. We included cDMARDs, bDMARDs/
tsDMARDs, immunosuppressants such as cyclophosphamide,
cyclosporine, azathioprine, tacrolimus, mycophenolate mofetil, and
mizoribine, and corticosteroids, prescribed with HCQ within 1 year
before the COVID-19 test.

Statistical analysis

The baseline characteristics between the two groups were
tested using the c2 test for categorical variables and Student's t-
test for continuous variables. The difference in COVID-19 attack
rate between the two groups was compared through a multi-
variable logistic model. To construct the multivariable logistic
regression model, we performed univariate analysis, and only
variables showing a significant difference (p < 0.05) between the
two groups were included as covariates in the multivariable
analysis. Due to the differences in sociodemographic character-
istics, comorbidities, and comedications in our primary analysis,
we conducted additional analyses applying propensity score
matching and inverse probability treatment weighting (IPTW) to
assess COVID-19 attack rate in a population with similar baseline
characteristics. The propensity score, a conditional probability of
receiving HCQ given a set of baseline covariates, was estimated
using a non-parsimonious multivariable logistic regression
model after adjusting for confounding factors such as age, sex,
region, test month, hypertension, congestive heart failure, pul-
monary disease, peptic ulcer disease, use of bDMARDs/
tsDMARDs, number of healthcare claims, and RA- or SLE-related
hospitalization in the previous 1 year. Propensity score matching
was implemented with a strategy of 1:1 (HCQ users, n ¼ 600 and
HCQ non-users, n ¼ 600, Supplementary Material Table S2)
matching with a calliper width as 0.2 of the standard deviation.
Standardized differences were estimated for all the baseline
covariates before and after matching to assess prematch/pre-
weighting and postmatch/postweighting balances. Standardized
differences of <10.0% for a given covariate indicate a relatively
small imbalance [15]. A sensitivity analysis for the attack rate of
COVID-19, according to the window of HCQ use, was performed
to evaluate the association between the date of HCQ adminis-
tration and the occurrence of COVID-19.

All reported p values are two-sided and have not been adjusted
for multiple testing. All the analyses were performed using the SAS
software, version 9.4 (SAS Institute).
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Ethical consideration

The study protocol was exempted from review by the Institu-
tional Review Board of Chung-Ang University Hospital (2006-023-
19319), because only anonymized data were used in this study.

Results

Baseline characteristics of the study population

Of the 234 427 patients tested for COVID-19 during the study
period, 2066 (0.9%) had RA or SLE. Of these, 31.4% (649/2066) of the
patients constituted the HCQ users and 68.6% (1417/2066) the HCQ
non-users (Fig. 1). The baseline characteristics of the study popu-
lation are shown in Table 1. More than 90% of the patients had RA.
HCQ non-users were older, had higher comorbidity index scores,
and used more comedicationsdincluding cDMARDs, bDMARDs/
tsDMARDs, and immunosuppressantsdthan HCQ users. In the HCQ
users, the daily mean HCQ dose was 252.5 ± 87.6 mg, and 93.7%
(608/649) were taking doses between 200mg/day and 400mg/day,
which were the usual recommended doses for the treatment of RA
or SLE [16e18]. The majority of HCQ users (98.0%, 636/649) were
taking HCQ at least for 3 months before the COVID-19 test. The
baseline characteristics of IPTW analysis are presented in the
Supplementary Material Table S5.

The attack rate of COVID-19 according to hydroxychloroquine use

COVID-19 occurred in 2.3% (15/649) and 2.2% (31/1417) of the
individuals in the HCQ users and HCQ non-users, respectively (p
0.8598). After adjusting for confounders, the COVID-19 attack rate
did not differ significantly between the two groups (adjusted odds
ratio (OR) 1.131, 95% confidence interval (95%CI) 0.570e2.244, p
Fig. 1. Study cohort, classification according to hydroxychloroquine use, and diagnosis of
erythematosus.
0.7248) (Table 2). Moreover, even when applied with the pro-
pensity score matching or IPTW analysis, the difference in the
COVID-19 attack rate was not statistically significant between the
two groups (2.33% in HCQ users versus 1.50% in HCQ non-users, OR
1.569, 95%CI 0.674e3.653, p 0.2963 in propensity score matching
cohort, and 2.42% in HCQ users versus 2.41% in HCQ non-users, OR
1.006, 95%CI 0.643e1.574, p 0.9787 in the IPTW cohort)
(Supplementary Material Tables S3 and S6).

When the COVID-19 attack rate was compared between HCQ
users and HCQ non-users within 5,14, 30, and 90 days, respectively,
there was no significant difference (Supplementary Material
Table S1). When the propensity score matching or IPTW analysis
was implemented, no statistically significant differences were
found (Supplementary Material Tables S4 and S7, respectively).

Subgroup analysis for the attack rate of COVID-19

Subgroup analyses showed no significant differences between
the two groups (Table 3). The HCQ users also revealed no statisti-
cally significant benefits of HCQ on the reduction of the attack rate
of COVID-19, after adjusting for the confounding factors. These
results were similar when the propensity score matching or IPTW
analyses were performed (data not shown).

Prognosis of COVID-19 patients between HCQ users and HCQ non-
users

After the attack, the 15 patients in the HCQ users and 31 in the
HCQ non-users did not require admission to the intensive care unit
(ICU) or ventilator therapy and did not have in-hospital fatality,
with the exception of one patient who required admission to the
ICU, received ventilator therapy, and expired (0/15 versus 1/31, p
1.000).
coronavirus disease 2019 (COVID-19). RA, rheumatoid arthritis; SLE, systemic lupus



Table 1
Baseline characteristics of the study population

Variable Total (n ¼ 2066) HCQ p

Usera (n ¼ 649) Nonuser (n ¼ 1417)

n (%) n (%) n (%)

Type of disease
RA 1877 (90.85) 548 (84.44) 1329 (93.79) <0.0001
SLE 299 (14.47) 182 (28.04) 117 (8.26) <0.0001

Age, years 0.0005
Mean ± SD 59.56 ± 16.79 57.60 ± 17.62 60.45 ± 16.33
Median (Q1, Q3) 62 (48, 73) 60 (43, 72) 62 (50, 73)

Age group (years) 0.0013
�19 14 (0.68) 3 (0.46) 11 (0.78)
20e39 302 (14.62) 126 (19.41) 176 (12.42)
40e49 236 (11.42) 80 (12.33) 156 (11.01)
50e59 382 (18.49) 114 (17.57) 268 (18.91)
60e69 475 (22.99) 131 (20.18) 344 (24.28)
70e79 429 (20.76) 133 (20.49) 296 (20.89)
�80 228 (11.04) 62 (9.55) 166 (11.71)

Sex <0.0001
Male 574 (27.78) 120 (18.49) 454 (32.04)
Female 1492 (72.22) 529 (81.51) 963 (67.96)

Charlson comorbidity index <0.0001
Mean ± SD 4.24 ± 2.82 3.84 ± 2.49 4.42 ± 2.94
Median (Q1, Q3) 4 (2, 6) 3 (2, 5) 4 (2, 6)
No. of comorbidities 0.0076
0 199 (9.63) 75 (11.56) 124 (8.75)
1 352 (17.04) 127 (19.57) 225 (15.88)
�2 1515 (73.33) 447 (68.88) 1068 (75.37)

Hypertension 1089 (52.71) 329 (50.69) 760 (53.63) 0.2139
Myocardial infarction 74 (3.58) 19 (2.93) 55 (3.88) 0.2788
Congestive heart failure 312 (15.10) 84 (12.94) 228 (16.09) 0.0637
Cerebral vascular accident 325 (15.73) 92 (14.18) 233 (16.44) 0.1889
Pulmonary disease 1051 (50.87) 318 (49.00) 733 (51.73) 0.2492
Peptic ulcer disease 822 (39.79) 236 (36.36) 586 (41.35) 0.0314
Liver disease 801 (38.77) 235 (36.21) 566 (39.94) 0.1059
Diabetes 634 (30.69) 167 (25.73) 467 (32.96) 0.0009
Renal disease 233 (11.28) 70 (10.79) 163 (11.50) 0.6323
Cancer 304 (14.71) 76 (11.71) 228 (16.09) 0.0091

Type of insurance 0.8701
Health insurance 1875 (90.76) 590 (90.91) 1285 (90.68)
Medical aid 191 (9.24) 59 (9.09) 132 (9.32)

Medical history within 1 year
Hydroxychloroquine 978 (47.34) 649 (100.00) 329 (23.22) <0.0001
Methotrexate 971 (47.00) 218 (33.59) 753 (53.14) <0.0001
Sulfasalazine 425 (20.57) 98 (15.10) 327 (23.08) <0.0001
Leflunomide 441 (21.35) 74 (11.40) 367 (25.90) <0.0001
bDMARDs/tsDMARDs 204 (9.87) 10 (1.54) 194 (13.69) <0.0001
Immunosuppressants 522 (25.27) 138 (21.26) 384 (27.10) 0.0046
Corticosteroids 1891 (91.53) 591 (91.06) 1300 (91.74) 0.6064

Hydroxychloroquine dose (mg/day)
�199 37 (5.70)
200e299 364 (56.09)
300-399 135 (20.80)
�400 113 (17.41)

HCQ, hydroxychloroquine; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; bDMARDs, biological disease-modifying anti-rheumatic drugs; tsDMARDs, targeted
synthetic disease-modifying anti-rheumatic drugs.

a Hydroxychloroquine use within 14 days.
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Discussion

In the unmatched, propensity score-matched and IPTW ana-
lyses, it was found that the use of HCQ before exposure to COVID-
19 did not reduce the occurrence of COVID-19 among patients with
rheumatic diseases. These results are consistent with the results of
the two prospective clinical studies on HCQ prophylaxis intro-
duced above [12,13]. Studies describing patients with rheumatic
diseases infected with SARS-CoV-2 provide similar information
[19,20]. Previous studies [8e13,19,20] estimated that HCQ has no
protective effect against COVID-19 in the populations studied,
including healthy individuals and patients with rheumatic disease.
Although the earlier in vitro study showed an antiviral effect of
HCQ on SARS-CoV-2 [4], more recent preclinical studies [21,22]
support the results of the clinical studies, including ours.

It is still necessary to consider whether the duration, timing, and
dose of HCQ administration affected the results in this study. First,
since the HCQ user was defined as taking HCQ for more than 1 day,
the duration of HCQ administration may be considered too short.
However, in this study, 98.0% of HCQ users (636/649) were patients
who were taking HCQ for at least 3 months. Additionally, consid-
ering that the elimination half-life of HCQ reaches 40e60 days [2],
it is expected that the effect of HCQ lasted longer than the actual
duration of administration.

Second, the timing of administration may not have been
appropriate to prevent the occurrence of COVID-19. Since we were



Table 2
The attack rate of coronavirus disease 2019 (COVID-19) according to hydroxychloroquine (HCQ) use

Variable Patients Events Unadjusted OR Adjusted ORa

OR (95%CI) p OR (95%CI) p

All 2066 46
HCQ non-user 1417 31 (ref) (ref)
HCQ userb 649 15 1.058 (0.567, 1.973) 0.8598 1.131 (0.570, 2.244) 0.7248
RA 1877 46
HCQ non-user 1329 31 (ref) (ref)
HCQ userb 548 15 1.178 (0.631, 2.201) 0.6065 1.252 (0.629, 2.493) 0.5229

Events ¼ number of COVID-19 diagnoses.
OR, odds ratio; RA, rheumatoid arthritis.

a Adjusted for age, sex, region, a month of test, hypertension, congestive heart failure, pulmonary disease, peptic ulcer disease, the use of biological disease-modifying anti-
rheumatic drug, the number of times healthcare used, and RA- or SLE-related hospitalization within 1 year.

b Hydroxychloroquine use within 14 days.

Table 3
Subgroup analysis of the attack rate of coronavirus disease 2019 (COVID-19)

Variable Patients Events Unadjusted OR Adjusted ORa

OR (95%CI) p OR (95%CI) p

Age, years
<60 (n ¼ 934)
HCQ non-user 611 17 (ref) (ref)
HCQ userb 323 6 0.661 (0.258, 1.694) 0.3889 0.685 (0.245, 1.915) 0.4702

�60 (n ¼ 1132)
HCQ non-user 806 14 (ref) (ref)
HCQ userb 326 9 1.606 (0.688, 3.748) 0.2731 1.370 (0.542, 3.466) 0.5060

Sex
Male (n ¼ 574)
HCQ non-user 454 10 (ref) (ref)
HCQ userb 120 4 1.531 (0.472, 4.970) 0.4783 2.430 (0.606, 9.739) 0.2101

Female (n ¼ 1492)
HCQ non-user 963 21 (ref) (ref)
HCQ userb 529 11 0.953 (0.456, 1.991) 0.8972 0.909 (0.408, 2.026) 0.8161

Hypertension
Hypertension (n ¼ 1089)
HCQ non-user 760 12 (ref) (ref)
HCQ userb 329 5 0.962 (0.336, 2.753) 0.9428 1.109 (0.337, 3.646) 0.8646

No hypertension (n ¼ 977)
HCQ non-user 657 19 (ref) (ref)
HCQ userb 320 10 1.083 (0.498, 2.357) 0.8404 1.026 (0.434, 2.422) 0.9537

bDMARDs/tsDMARDs use within 1 year
bDMARDs/tsDMARDs use (n ¼ 204)
HCQ non-user 194 3 (ref) (ref)
HCQ userb 10 0 <0.001 (<0.001, >999.999) 0.9793 0.049 (<0.001, >999.999) 0.9624

No bDMARDs/tsDMARDs use (n ¼ 1802)
HCQ non-user 1223 28 (ref) (ref)
HCQ userb 639 15 1.026 (0.544, 1.935) 0.9367 1.111 (0.556, 2.221) 0.7661

Events ¼ number of COVID-19 diagnoses.
OR, odds ratio; HCQ, hydroxychloroquine; bDMARDs, biological disease-modifying anti-rheumatic drugs; tsDMARDs, targeted synthetic disease-modifying anti-rheumatic
drugs.

b Hydroxychloroquine use within 14 days.
a Adjusted for age, sex, region, a month of test, hypertension, congestive heart failure, pulmonary disease, peptic ulcer disease, the use of biological disease-modifying anti-

rheumatic drug, the number of healthcare uses, and RA- or SLE-related hospitalization within 1 year.
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not aware of the proper timing of administration for prevention, we
investigated the effect of HCQ by changing the 14 days to 5-, 30-,
and 90-day periods. However, a preventive effect was not demon-
strated in any of the cases.

Third, the dose administered in this study to demonstrate a
prophylactic effect is questionable. Lê et al. reported the rationale of
a loading dose initiation for HCQ treatment in COVID-19 infection
[23]. Since initial HCQ loading has not been generally recom-
mended in the treatment of RA or SLE, HCQ use without loading in
this study might affect the result. However, considering that most
of the patients in this study cohort had been taking HCQ for at least
3 months, it is thought that loading or not would have no effect or
only a minimal effect on this study for the prophylactic effect of the
use of HCQ at a usual dose.

A recent review suggested that 50% of the maximal effective
concentration (EC50), 90% of the maximal effective concentration
(EC90), and concentration for clearance of SARS-CoV-2 based on
the current in vitro data, were ~242e1515 ng/mL, ~1679e5038 ng/
mL, and ~6717 ng/mL, respectively [20]. The mean tertile of HCQ
blood concentrations of 492 SLE patients who took long-term HCQ
therapy (2.1e6.9 mg/kg) was reported as 0e741 ng/mL,
741.5e1176.5 ng/mL, and 1177e3513 ng/mL [17]. Therefore, it is
considered that blood levels similar to the EC50 or EC90 will be
reached when taking HCQ at a usual dosage for rheumatic diseases.
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Hence, it is difficult to argue that HCQ was ineffective in this study
due to problems related to the duration, timing, and dose of HCQ.

The prevalence of RA in this cohort was 0.8%, which was similar to
that in the previous reports in South Korea (0.26~1.1%) [24,25]. The
prevalence of SLEwas 127.55/100 000 people in this study population,
which was higher than that reported in South Korea (35.45/100 000
people in 2015) from the previous report, where the method of
defining SLEwas the same as in our study [33]. This is somewhat high
even considering that the prevalence of SLE is gradually increasing in
South Korea [26]. The reason for this is unclear; however, it is possible
that the patientswith SLEmay be testedmore aggressively for COVID-
19, as it has been emphasized publicly that the risk of COVID19 infec-
tion is higher for immunosuppressive patients with chronic diseases.

This study has a few limitations. First, considering the small
number, the baseline characteristics differed between the HCQ
users and HCQ non-users. The former group showed a lower co-
morbidity index score and lesser use of comedications than the
latter group, which would be because HCQ is not generally rec-
ommended as an initial treatment for patients with RA and is rarely
used in combination with bDMARDs/tsDMARDs [27]. However,
since the attack rate was not different in the propensity score
matching and IPTW analyses, this difference may not have a sig-
nificant effect on the main result of this study. Second, although
there seem to be no significant differences in the clinical course and
outcomes of COVID-19 between patients of the two groups, the
number of COVID-19-infected patients included in this study was
small. Thus, it would be difficult to comment on the therapeutic
effect of HCQ because the statistical power is low to observe a
significant difference between the two groups.

In conclusion, prophylactic use of HCQ at a usual dose did not
prevent the occurrence of COVID-19 in patients with rheumatic
diseases. Prophylactic use of HCQ should not be recommended
based on the current scientific knowledge.
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