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ABSTRACT

BACKGROUND

Current strategies for preventing severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection are limited to nonpharmacologic interventions. Hydroxy-
chloroquine has been proposed as a postexposure therapy to prevent coronavirus
disease 2019 (Covid-19), but definitive evidence is lacking.

METHODS

We conducted an open-label, cluster-randomized trial involving asymptomatic
contacts of patients with polymerase-chain-reaction (PCR)—confirmed Covid-19 in
Catalonia, Spain. We randomly assigned clusters of contacts to the hydroxychloro-
quine group (which received the drug at a dose of 800 mg once, followed by 400 mg
daily for 6 days) or to the usual-care group (which received no specific therapy).
The primary outcome was PCR-confirmed, symptomatic Covid-19 within 14 days.
The secondary outcome was SARS-CoV-2 infection, defined by symptoms compatible
with Covid-19 or a positive PCR test regardless of symptoms. Adverse events were
assessed for up to 28 days.

RESULTS

The analysis included 2314 healthy contacts of 672 index case patients with Covid-19
who were identified between March 17 and April 28, 2020. A total of 1116 contacts
were randomly assigned to receive hydroxychloroquine and 1198 to receive usual
care. Results were similar in the hydroxychloroquine and usual-care groups with
respect to the incidence of PCR-confirmed, symptomatic Covid-19 (5.7% and 6.2%,
respectively; risk ratio, 0.86 [95% confidence interval, 0.52 to 1.42]). In addition,
hydroxychloroquine was not associated with a lower incidence of SARS-CoV-2
transmission than usual care (18.7% and 17.8%, respectively). The incidence of adverse
events was higher in the hydroxychloroquine group than in the usual-care group
(56.1% vs. 5.9%), but no treatment-related serious adverse events were reported.

CONCLUSIONS
Postexposure therapy with hydroxychloroquine did not prevent SARS-CoV-2 in-
fection or symptomatic Covid-19 in healthy persons exposed to a PCR-positive
case patient. (Funded by the crowdfunding campaign YoMeCorono and others;
BCN-PEP-CoV2 ClinicalTrials.gov number, NCT04304053.)
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ORONAVIRUS DISEASE 2019 (COVID-19)

is a rapidly emerging infectious disease

caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). Among
contacts of persons with Covid-19, the percent-
age in whom new cases develop (secondary attack
rate) has been estimated at 10 to 15%."* The
current infection-control strategy is based on
nonpharmacologic interventions, including hand
hygiene, use of face masks, social distancing,
and isolation of case patients and contacts.” The
effectiveness of isolation depends on the prompt-
ness of the intervention, the level of contact
tracing, and the level of isolation adherence.®
Unfortunately, real-world constraints for imple-
menting full effective measures have resulted in
the spread of SARS-CoV-2 in many countries.

Postexposure prophylaxis of healthy contacts
is among the measures used for outbreak control
of several infectious diseases (e.g., pandemic
influenza).” No agent is known to be effective in
preventing SARS-CoV-2 infection or Covid-19,
but two aminoquinolines — hydroxychloroquine
and chloroquine — are among the drugs that
have shown antiviral activity in the laboratory.®
In vitro results showed that these drugs blocked
SARS-CoV-2 viral spread in cell cultures®! and
that hydroxychloroquine was more effective at
impairing SARS-CoV-2 viral replication than
chloroquine.’ The results of one randomized,
controlled trial of hydroxychloroquine for post-
exposure prophylaxis of Covid-19 have been re-
ported.’> However, concerns have been raised
about the trial design. Of the participants with
confirmed or probable Covid-19 (primary out-
come), fewer than 20% had a positive polymerase-
chain-reaction (PCR) test for SARS-COV-2; the
rest received a diagnosis on the basis of symp-
toms alone.

In the Barcelona Postexposure Prophylaxis
Study against SARS-CoV-2 (BCN-PEP-CoV2), we
investigated the efficacy and safety of hydroxy-
chloroquine to prevent secondary PCR-confirmed,
symptomatic Covid-19 and SARS-CoV-2 infection
in contacts exposed to a PCR-positive case patient
with Covid-19 during the early stages of the out-
break in Catalonia, the region with the second
highest number of Covid-19 cases in Spain. (Even
when not specified, symptomatic Covid-19 here-
after refers to PCR-confirmed, symptomatic
Covid-19.)
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METHODS

PARTICIPANTS

We included asymptomatic adults (>18 years of
age) who had a recent history of close-contact
exposure to a PCR-confirmed case patient with
Covid-19 (i.e., >15 minutes within 2 m, up to 7 days
before enrollment), who had no Covid-19-like
symptoms during the 2 weeks before enroll-
ment, and who had an increased risk of infection
(e.g., a health care worker, a household contact,
a nursing-home worker, or a nursing-home resi-
dent). Trial candidates were tested by PCR assay
for SARS-CoV-2 infection at baseline. We included
candidates with either a negative or positive PCR
test at baseline to assess the prophylactic and pre-
emptive effect of hydroxychloroquine treatment,
respectively. All eligibility criteria are listed in
the Supplementary Appendix and the trial proto-
col, both available with the full text of this ar-
ticle at NEJM.org.

TRIAL DESIGN AND OVERSIGHT
This was an open-label, phase 3, cluster-random-
ized trial conducted from March 17 to April 28,
2020, during the early stages of the Covid-19
outbreak, in three of nine health administrative
regions in Catalonia, Spain (total target popula-
tion, 4,206,440) (Fig. S1 in the Supplementary
Appendix). Trial candidates were screened with
the use of the electronic registry of the national
health information system.!®

The trial was supported by the crowdfunding
campaign YoMeCorono (https://[www.yomecorono
.com/), Generalitat de Catalunya, Zurich Seguros,
Synlab Diagndsticos, Laboratorios Rubid, and
Laboratorios Gebro Pharma. Laboratorios Rubid
donated and supplied the hydroxychloroquine
(Dolquine). The sponsors had no role in the
conduct of the trial, the analysis, or the decision
to submit the manuscript for publication. The
trial protocol and subsequent amendments were
approved by the institutional review board at Hos-
pital Germans Trias i Pujol and the Spanish
Agency of Medicines and Medical Devices. All the
participants provided written informed consent.

TRIAL PROCEDURES

We defined trial clusters (called rings) of healthy
persons (contacts) who were epidemiologically
linked to a PCR-positive case patient with Covid-19
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(index case patient). All the contacts in a ring
simultaneously underwent cluster randomization
(in a 1:1 ratio) to either the hydroxychloroquine
group or the usual-care group. Contacts in the
former group received hydroxychloroquine
(Dolquine) at a dose of 800 mg on day 1, followed
by 400 mg once daily for 6 days; the dosing regi-
men was based on pharmacokinetic simulations.
Contacts in the usual-care group received no
specific therapy. After cluster randomization, we
verified the selection criteria of individual candi-
dates, obtained informed consent, and revealed
the trial-group assignments. In accordance with
national guidelines, all the contacts were quar-
antined.

All the contacts were visited at home or in the
workplace on day 1 (enrollment) and day 14 (final
outcome measurement) for assessment of health
status and collection of nasopharyngeal swabs.
Symptoms were monitored by telephone on days
3 and 7. Contacts in whom symptoms developed
at any time point were visited at home within
24 hours for assessment of health status and col-
lection of nasopharyngeal swabs. Safety (i.e., fre-
quency and severity of adverse events), medication
adherence (i.e., treatment and number of doses
taken), and crossover (i.e., unplanned conversion
from usual care to hydroxychloroquine) were as-
sessed with the use of contact reports collected
in telephone interviews on days 3, 7, and 28.

All testing of nasopharyngeal swabs for
SARS-CoV-2 and analyses to determine viral load
were performed by technicians who were un-
aware of previous PCR results, trial-group assign-
ments, and response. PCR amplification was
based on the 2019 Novel Coronavirus Real-Time
RT [reverse transcriptase]-PCR Diagnostic Panel
guidelines of the Centers for Disease Control
and Prevention."* For quantification, a standard
curve was built with the use of 1:5 serial dilu-
tions of a SARS-CoV-2 plasmid (with known con-
centration) and run in parallel with 300 study
samples. The accuracy of the qualitative estimate
(i.e., cycle threshold [Ct] values) was determined
by correlation with the quantitative measure on
300 samples (Fig. S2). The coefficient of correla-
tion between the two methods was 0.93, which
permitted the use of qualitative Ct data to esti-
mate viral load in contacts. Detection of IgM and
IgG antibodies was performed by means of fin-
gertip blood testing on the day 14 visit with the
use of a rapid test (VivaDiag COVID-19)."
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OUTCOMES
The primary outcome was the onset of a PCR-
confirmed, symptomatic Covid-19 episode, defined
as symptomatic illness (at least one of the fol-
lowing symptoms: fever, cough, difficulty breath-
ing, myalgia, headache, sore throat, new olfactory
or taste disorder, or diarrhea) and a positive
RT-PCR test for SARS-CoV-2. The primary out-
come was assessed in all asymptomatic contacts,
irrespective of the baseline PCR result; in a post
hoc analysis, we explored the outcome sepa-
rately in contacts with a positive baseline PCR
test and those with a negative baseline PCR test.
The time until the primary event was defined as
the number of days until the onset of symptom-
atic illness from the date of exposure and from
the date of randomization.

The secondary outcome was the incidence of
SARS-CoV-2 infection, defined as either the
RT-PCR detection of SARS-CoV-2 in a nasopharyn-
geal specimen or the presence of any of the afore-
mentioned symptoms compatible with Covid-19.
The rationale for this outcome was to encom-
pass definitions of Covid-19 used elsewhere.!>
Contacts who were hospitalized or who died and
whose hospital and vital records listed Covid-19
as the main diagnosis (including PCR confirma-
tion) were also considered for the primary and
secondary outcomes.

STATISTICAL ANALYSIS

With an enrollment target of 95 clusters per trial
group” — 15 contacts per cluster and intraclass
correlation of 1.0 — the initial design provided
a power of 90% to detect a between-group dif-
ference of 10 percentage points in the incidence
of PCR-confirmed, symptomatic Covid-19, with
an expected incidence of 5% in the hydroxychlo-
roquine group and 15% in the usual-care group.
Owing to the limited information available by
March 2020 regarding the cluster size and the
incidence of Covid-19 after exposure, the protocol
prespecified a sample-size reestimation at the in-
terim analysis. Reestimation was aimed at main-
taining the ability (at 80% power) to detect a be-
tween-group difference of 3.5 percentage points
in the incidence of primary-outcome events
(3.0% in the hydroxychloroquine group and
6.5% in the usual-care group), yielding 320 clus-
ters per trial group with 3.5 contacts per cluster,
an intraclass correlation of 1.0, and no provision
for crossover.
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The primary efficacy analysis was performed
in the intention-to-treat population. Multiple im-
putation by chained equations was applied to ac-
count for missing data.’®° The assumption that
unobserved values were missing at random was
deemed to be appropriate because we could not
find any pattern among the missing values.® A
complete-case analysis and a per-protocol analy-
sis were conducted as sensitivity analyses. The
cumulative incidence of trial outcomes was com-
pared at the individual level with the use of a
binomial regression model with robust sandwich
standard errors to account for grouping within
clusters.?! We defined a generalized linear mod-
el with a binomial distribution and a log-link
function to estimate the risk ratio as a measure
of effect.?? The analyses were adjusted for the
baseline variables of age, sex, geographic region,
and time of exposure. We performed additional
prespecified analyses to assess the consistency
of treatment effects in subgroups defined ac-
cording to the viral load of the contact at base-
line, viral load of the index case patient, place of
exposure, and time of exposure to the index case
patient. The reported confidence intervals have
not been adjusted for multiple comparisons and
cannot be used to infer effects. Survival curves
according to trial group for time-to-event out-
comes were compared with the use of a Cox
proportional-hazards model with a cluster-level
frailty term to adjust for clustering.”® The sig-
nificance threshold was set at a two-sided alpha
value of 0.05, unless otherwise indicated. All
statistical analyses were conducted with R soft-
ware, version 3.6.2.%

RESULTS

CHARACTERISTICS OF THE TRIAL PARTICIPANTS

Between March 17 and April 28, 2020, we as-
sessed 754 index case patients with Covid-19 for
eligibility; 672 of them were selected for defin-
ing the corresponding clusters, which included
4399 contacts (Fig. 1). A total of 1874 contacts
(42.6%) were not enrolled because they met ex-
clusion criteria, including having Covid-19-like
symptoms before enrollment (537 contacts). In
addition, 40 of 2525 enrolled contacts (1.6%)
were excluded from the intention-to-treat analy-
sis because of screening failure, which resulted
in an intention-to-treat population of 2485, of
whom 171 (6.9%) had missing data imputed on
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outcome analysis. During follow-up, 64 contacts
had a protocol deviation regarding the interven-
tion (per-protocol population of 2250 contacts).

The demographic, clinical, and epidemiologic
characteristics of the contacts at baseline were
similar in the two trial groups (Table 1). The
mean (+SD) age of the contacts was 48.6%19.0
years, and the PCR test at baseline was negative
in 87.8% (2000 of 2279). Overall, 39.4% of the
contacts (912 of 2314) reported at least one
chronic health condition. The median interval
from exposure to enrollment was 4.0 days (inter-
quartile range, 3.0 to 6.0). The size of the clus-
ters was similar in the two groups (median, 2.0
contacts in the hydroxychloroquine group and
2.0 in the usual-care group). Exposure was pre-
dominantly from an index case patient with a
moderate-to-high viral load (10" to 10" copies
per milliliter), which was reported in 307 of 549
index case patients (55.9%) for whom viral-load
data were available. Health care workers and
nursing home workers accounted for 1395 of 2314
contacts (60.3%); 626 (27.1%) were household
contacts, and 293 (12.7%) were nursing home
residents. Overall, 1555 contacts (67.2%) report-
ed routine use of masks at the time of exposure,
and 144 contacts (6.2%) continued to sleep in the
same room as the index case patient.

PRIMARY OUTCOME

During the 14-day follow-up, 138 of 2314 con-
tacts (6.0%) had a PCR-confirmed, symptomatic
Covid-19 episode. The results were similar in the
hydroxychloroquine group (64 of 1116; 5.7%)
and the usual-care group (74 of 1198; 6.2%) (risk
ratio, 0.86; 95% confidence interval [CI], 0.52 to
1.42) (Table 2), with the use of multiple-imputa-
tion techniques to account for 171 missing values.
The complete-case analysis (Table S1) and per-
protocol analysis (Table S2) showed results that
were similar to those in the primary analysis.
The incidence of each of the components of the
primary outcome did not differ substantially
between the groups (Table 2).

Overall, the incidence of symptomatic Covid-19
was higher among contacts who had a positive
PCR test at baseline than among those who had
a negative test (20.4% [64 of 314 contacts] vs.
3.7% [74 of 2000]) (Table 2). Hydroxychloro-
quine was ineffective in preventing symptomatic
Covid-19 both in contacts with a positive PCR
test at baseline and in those with a negative test.
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754 Index case patients were assessed
for eligibility

82 Were not considered for inclusion
(i.e., clusters not defined) because of delayed
reporting >7 days after start of symptoms

4399 Contacts
were defined

in 672 clusters

1874 Contacts were not considered for inclusion
32 Had known history of cardiac arrhythmia
or other coexisting condition
33 Had dementia or severe mental illness
12 Received contraindicated medication
537 Had Covid-19-like symptoms at baseline
1193 Did not sign informed-consent form
4 Had exposure >7 days earlier
4 Were <18 yr of age
15 Were pregnant or were breast-feeding
3 Had severe Covid-19
2 Were receiving hydroxychloroquine
39 Had other reason

1225 in 338 clusters were assigned
to hydroxychloroquine group

1300 in 334 clusters were assigned to
usual-care group

form

19 Had screening failure
10 Were symptomatic at baseline

2 Were <18 yr of age
7 Did not sign informed-consent

21 Had screening failure
10 Were symptomatic at baseline
11 Did not sign informed-consent
form

1206 Were included in intention-to-treat
population
1116 Had data available for evaluation
of primary outcome
90 Had missing responses imputed

1279 Were included in intention-to-treat
population
1198 Had data available for evaluation
of primary outcome

81 Had missing responses imputed

52 Were excluded

<80%

28 Did not receive any dose
of hydroxychloroquine
18 Had treatment adherence

6 Discontinued trial owing
to adverse event

]

12 Were excluded owing to crossing
over to hydroxychloroquine

1064 Completed follow-up
(per-protocol sample)

1186 Completed follow-up
(per-protocol sample)

Figure 1. Screening and Randomization.

The safety population (2497 contacts; 1197 in the hydroxychloroquine group and 1300 in the usual-care group) in-
cluded all those in the intention-to-treat population (except 28 in the hydroxychloroquine group who did not receive
the trial medication) plus 40 (19 in the hydroxychloroquine group and 21 in the usual-care group) who were classi-
fied as having a screening failure. The intention-to-treat population (2485 contacts; 1206 in the hydroxychloroquine
group and 1279 in the usual-care group) included 2314 who had data available for analysis of the primary outcome
plus 171 (90 in the hydroxychloroquine group and 81 in the usual-care group) with no available polymerase-chain-
reaction (PCR) assay results at day 14 who had missing responses imputed.
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Table 1. Characteristics of the Contacts and Their Clusters at Baseline-.*

Characteristic

Contacts of index patients
Age —yr
Female sex — no. (%)
Viral load on PCR at baseline — no./total no. (%)
Undetectable: <10* copies/ml
10* to 10° copies/ml
107 to 10° copies/ml
100 to 10'2 copies/ml
Coexisting disease — no. (%)
None
Cardiovascular disease
Respiratory disease
Metabolic disease
Nervous system disease
No. of days of exposure before intervention — no. of contacts (%)
<3
4-6
=7
Type of contact with index case patient — no. (%)
Household contact
Health care worker
Nursing home worker
Nursing home resident
Routine use of mask — no. (%)
Yes
No
Missing data
Sleeping in the same room as the index case patient — no. (%)
Yes
No
Missing data
Clusters
Median no. of days of exposure before enroliment (IQR)
Median no. of contacts per cluster (IQR)
Viral load of the index case patient — no./total no. (%)
Undetectable: <10* copies/ml
10* to 10° copies/mll
107 or 102 copies/ml
10° to 10*2 copies/ml

Hydroxychloroquine
Group
(N=1116)

48.6x18.7
813 (72.8)

958/1102
78/1102
58/1102

8/1102

36.9)
1)
3)
7)

—_ e~ o~ =~

7.
5.
0.

440 (39.4)
551 (49.4)
125 (11.2)

302 (27.1)
131 (11.7)
550 (49.3)
133 (11.9)

730 (65.4)
251 (22.5)
135 (12.1)

78 (7.0)
834 (74.7)
204 (18.3)

4.0 (3.0-6.0)
2.0 (1.0-3.0)

42/259 (1
68/259 (26.
81/259

(
(26
(
68/259 (

6.2)

3)
31.3)
26.3)

Usual-Care
Group
(N=1198)

48.7+19.3
875 (73.0)
1042/1177 (8
88/1177
42/1177
5/1177

8.5)
5)
6)
4)

—_ =~ BN

7.
3.
0.

411 (34.3)
668 (55.8)
119 (9.9)

324 (27.0)
130 (10.9)
584 (48.7)
160 (13.4)
825 (68.9)
256 (21.4)
117 (9.8)

66 (5.5)
951 (79.4)
181 (15.1)

4.0 (3.0-6.0)
2.0 (1.0-3.0)

47/290 (1
85/290 (29.
83/290 (2

2

(
(29
(
75/290 (

6.2)

3)
3.6)
5.9)

S

range, and PCR polymerase chain reaction.
T Routine use of mask refers to use at the time of exposure.

Plus—minus values are means +SD. Percentages may not total 100 because of rounding. IQR denotes interquartile

1 The prescreening PCR test was positive at the designated hospital laboratory before enrollment, but the test was nega-
tive (undetectable, <10* copies per milliliter) at the research laboratory from the swab collected on day 1.
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Table 2. Primary and Secondary Outcomes.*

Outcome

Primary outcome: PCR-confirmed, symptomatic Covid-19

Secondary outcomes

Covid-19, either symptomatically compatible or PCR
positivity regardless of symptoms

Hydroxychloroquine

Group

Usual-Care
Group

no. of events/no. of contacts (%)

179/958 (18.7)

185/1042 (17.8)

Risk Ratio
(95% CI)y

All patients: 64/1116 (5.7) 74/1198 (6.2)  0.86 (0.52-1.42)
Clinical and laboratory criteria 49/1116 (4.4) 60/1198 (5.0)
Hospital or vital-records criteria 15/1116 (1.3) 14/1198 (1.2)

PCR-negative at baseline 29/958 (3.0) 45/1042 (4.3)  0.68 (0.34-1.34)
Clinical and laboratory criteria 24/958 (2.5) 37/1042 (3.6)
Hospital or vital-records criteria 5/958 (0.5) 8/1042 (0.8)

PCR-positive at baseline 35/158 (22.2) 29/156 (18.6) 1.02 (0.64-1.63)
Clinical and laboratory criteria 25/158 (15.8) 23/156 (14.7)
Hospital or vital-records criteria 10/158 (6.3) 6/156 (3.8)

1.03 (0.77-1.38)

Laboratory criteriaq 58/958 (6.1) 67/1042 (6.4)
Clinical criterial 144/958 (15.0) 150/1042 (14.4)
Hospital or vital-records criteria 5/958 (0.5) 8/1042 (0.8)
Serologic positivity on day 14 137/958 (14.3) 91/1042 (8.7)  1.57 (0.94-2.62)
IgM positivity 100/958 (10.4) 70/1042 (6.7)
IgG positivity 118/958 (12.3) 82/1042 (7.9)

* Percentages are for contacts for whom complete data were available. Covid-19 denotes coronavirus disease 2019.

T Risk ratios were adjusted for contact-level variables (age, sex, geographic region, and time of exposure), and multiple
imputation by chained equations'’ was applied to handle missing data. The assumption that unobserved values were

missing at random was deemed to be appropriate because we could not find any pattern among the missing values.
Because primary and secondary outcomes were dichotomous variables, the imputation models were based on a two-
level logistic-regression model to account for clustering.’® Five estimates from each imputed data set were combined

according to Rubin rules.'

I Marginal estimates of effects for the primary outcome were 5.6% in the hydroxychloroquine group and 6.3% in the

usual-care group (risk difference, -0.6 percentage points)

§ Contacts who were PCR-positive at baseline were excluded from the secondary outcomes. The components of the sec-

ondary outcomes are not mutually exclusive.

9§ These contacts with PCR-confirmed Covid-19 were either symptomatic or asymptomatic.
| These contacts had symptoms compatible with Covid-19, regardless of the results of PCR testing.

We observed an overall increased risk of
symptomatic Covid-19 with increasing viral load
of the contact at baseline (Fig. S3A) and increas-
ing viral load of the index case patient (Fig. S3B).
The viral load of contacts who went on to have
symptomatic Covid-19 increased 4 log, , copies per
milliliter throughout the follow-up, whereas that
of contacts without Covid-19 remained unchanged
(Fig. S3C). Prespecified subgroup analysis of the
primary outcome did not reveal substantial be-
tween-group differences in the risk of symptom-
atic Covid-19 according to the viral load of the
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contact at baseline, the viral load of the index
case patient, the duration of exposure, or the
type of contact (Fig. 2). The survival analysis of
the time to a primary-outcome event showed
similar patterns in the two groups regarding
symptomatic Covid-19 onset from enrollment
(median, 4.0 days in the hydroxychloroquine
group and 5.0 days in the usual-care group;
hazard ratio, 0.9 [95% CI, 0.6 to 1.5]) and from
exposure (median, 8.0 days and 8.0 days in the
respective groups; hazard ratio, 1.0 [95% CI,
0.6 to 1.6]) (Fig. S4).
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SECONDARY OUTCOMES

Of the 2000 contacts who tested negative for
SARS-CoV-2 on the baseline PCR test, 364 (18.2%)
either became PCR-positive or had symptoms
compatible with Covid-19 during the follow-up
period (Table 2), without a substantial difference
between the trial groups (18.7% [179 of 958]
with hydroxychloroquine and 17.8% [185 of 1042]
with usual care; risk ratio, 1.03 [95% CI, 0.77 to
1.38]). Positivity for virus-specific IgG or IgM
antibodies was higher in the hydroxychloroquine
group than in the usual-care group (14.3% [137
of 958] vs. 8.7% [91 of 1042]). Of 125 contacts
who became PCR-positive during follow-up, 30
(24.0%) were seropositive on day 14 (Fig S5).

ADHERENCE AND SAFETY

Full adherence to the trial intervention was 95.1%
(1138 of 1197) in the hydroxychloroquine group
and 97.5% (1268 of 1300) in the usual-care group.
In the safety population, 671 of 1197 contacts
(56.1%) in the hydroxychloroquine group and 77
of 1300 (5.9%) in the usual-care group had at
least one adverse event during 14 days of follow-
up (Table 3). The most frequent treatment-related
adverse events among contacts given hydroxy-

chloroquine were gastrointestinal (diarrhea, nau-
sea, and abdominal pain) and nervous system
disorders (drowsiness and headache) (Table S6).
A total of 31 serious adverse events were reported,
14 in the hydroxychloroquine group and 17 in
the usual-care group; none of these events were
thought to be related to hydroxychloroquine or
usual care by the independent pharmacovigilance
consultants (Table S7). Six adverse events of spe-
cial interest were observed, including five episodes
of self-limited heart palpitations potentially re-
lated to hydroxychloroquine (Table S8). Further
safety data are provided in the Supplementary
Appendix.

DISCUSSION

In our trial, postexposure prophylaxis with hy-
droxychloroquine did not prevent SARS-CoV-2
infection or symptomatic Covid-19 in asymptom-
atic contacts exposed to a PCR-positive index case
patient. The overall attack rate for PCR-confirmed,
symptomatic Covid-19 was 6.0%, excluding con-
tacts who were not enrolled because they had
symptoms before the baseline assessment. Con-
tacts who received hydroxychloroquine and those

No. of No. of
Epidemiologic Risk Factor Events  Participants Risk Ratio (95% Cl)
Viral load of contact at baseline E
Undetectable: <10 copies/ml 78 2000 —_— 0.74 (0.39-1.46)
10* to 106 copies/ml 22 166 —— 1.10 (0.41-2.52)
=107 copies/ml 38 113 —— 0.93 (0.64-1.36)
Viral load of index case patient at baseline E
<107 copies/ml 6 242 —_— 1.42 (0.29-6.92)
107 or 108 copies/ml 9 164 —0—5— 0.55 (0.13-2.41)
=10° copies/ml 23 143 —_— 1.05 (0.42-2.60)
No. of days of exposure E
<3 48 851 — 0.89 (0.46-1.71)
4-6 81 1219 — 0.93 (0.47-1.85)
=7 9 244 : 4.09 (0.51-33.06)
Type of contact with index case patient E
Household contact 44 626 —_— 1.05 (0.52-2.09)
Health care worker 13 261 — 1.02 (0.38-2.75)
Nursing home worker 56 1134 —_— 0.84 (0.34-2.10)
Nursing home resident 25 293 —O—i- 0.49 (0.21-1.17)
O.IOl l!O 102).0
Hydroxychloroquine Usual Care
Better Better

Figure 2. Subgroup Analyses of the Primary Outcome, According to Epidemiologic Risk Factors (Intention-to-Treat

Population).

The primary outcome was PCR-confirmed, symptomatic coronavirus disease 2019 within 14 days.
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Table 3. Adverse Events (Safety Population).*

Event
Reported full adherence to trial intervention — no. (%)
Adverse events — no. (%)

Any adverse event

Cardiac disorder: palpitations

General disorder: myalgia, fatigue, malaise
Intensity of adverse event — no. (%)
Grade 1: mild
Grade 2: moderate
Grade 3: severe
Grade 4: potentially life-threatening
Grade 5: death
Serious adverse event — no. of eventsi
Hospitalization
Death
Treatment-related

Adverse event of special interest: cardiac — no. of events§

Gastrointestinal disorder: diarrhea, abdominal pain, vomiting

Nervous system disorder: headache, taste change, dizziness

Hydroxychloroquine Usual-Care
Group Group
(N=1197) (N=1300) P Value
1138 (95.1) 1268 (97.5)
671 (56.1) 77 (5.9) <0.001
5 (0.4) 1(0.1)
510 (42.6) 33 (2.5)
260 (21.7) 32 (2.5)
103 (8.6) 10 (0.8)
<0.001
573 (47.9) 44 (3.4)
68 (5.7) 14 (1.1)
13 (L.1) 2(0.2)
11 (0.9) 10 (0.8)
5 (0.4) 8 (0.6)
14 17
11 12
5 8
0 0
5 1

* The safety population included all the contacts who received either hydroxychloroquine or usual care.

7 The overall P value for grading is shown.

1 None of the serious adverse events were adjudicated as being related to hydroxychloroquine or usual care by the inde-
pendent pharmacovigilance consultants. Death and hospitalization were not mutually exclusive; five deaths occurred at
the hospital, whereas other contacts died at a nursing home.

§ Cardiac disorders were all episodes of palpitations; three of five events in the hydroxychloroquine group were adjudicat-
ed as being possibly related to the trial drug by the independent pharmacovigilance consultants. Details are provided in

the Supplementary Appendix.

who received usual care had a similar incidence
of symptomatic Covid-19 (5.7% and 6.2%, re-
spectively). Our trial tested two possible effects
of postexposure therapy: prophylaxis in contacts
with a negative PCR test at baseline and preemp-
tive therapy in contacts with a positive PCR test
at baseline (i.e., to prevent progression of asymp-
tomatic infection to disease). This dual scenario
mirrors a real-life setting, in which the PCR re-
sult of contacts exposed to a known Covid-19
index case is usually not immediately available.
Hydroxychloroquine showed no efficacy as pro-
phylactic therapy for contacts who were PCR-
negative at baseline. Similarly, among the con-
tacts who were PCR-positive at baseline (13.6%),
hydroxychloroquine had no apparent efficacy as
early preemptive therapy. A baseline positive PCR
test increased the risk of symptomatic Covid-19

N ENGL J MED

in our cohort, but a high percentage of the con-
tacts with this laboratory result (79.6%) did not
go on to have symptomatic disease, thus reinforc-
ing the need to quarantine or to increase testing
of contacts even if they are asymptomatic. In ad-
dition, of importance to public health decision
making is that the higher the SARS-CoV-2 viral
load in an index case patient was, the greater was
the risk of transmission to contacts.
Hydroxychloroquine also did not reduce the
transmission of SARS-CoV-2 (18.7%, as compared
with 17.8% with usual care) or the incidence of
seropositivity. It is notable that the overlap of a
positive PCR test and a positive serologic test was
low, which could be related to the reported low
sensitivity of the rapid test for IgM and IgG anti-
bodies within 10 days after symptom onset,’ the
low incidence of seroconversion among asymp-
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tomatic contacts,” or the higher risk of a false
negative PCR result during the initial stage of
infection.’® With respect to safety, we observed a
higher incidence of adverse events in the hydroxy-
chloroquine group than in the usual-care group,
albeit with low severity. In this open-label trial,
the psychological components in the treated
group cannot be ruled out. Furthermore, the side
effects were mainly gastrointestinal, whereas
only 5 of 1479 events (0.3%) in the hydroxychlo-
roquine group were considered to be heart-relat-
ed; therefore, our data do not corroborate previ-
ously published data on the increased risk of
cardiac arrhythmia.?® The safety results need to
be interpreted on the basis of the dose used,
length of treatment, and lack of electrocardio-
graphic monitoring in the trial.

The strengths of this trial are the use of a
PCR test and viral-load quantification at base-
line, at day 14, and potentially when the contact
was ill, and the measurement of viral load of the
index case patient to estimate the risk of trans-
mission. In addition, we included very elderly
persons (e.g., >90 years of age) in nursing homes.
The trial has some limitations. Unlike the com-
mon procedure in clinical trials, the signing of
the informed-consent form took place after clus-
ter randomization. Nevertheless, trial-group as-
signments were revealed to contacts after con-
sent was obtained; therefore, we believe that the
strategy for concealing trial-group assignments
was appropriate to prevent contacts from choos-

ing to participate or not to participate. Because
of the urgency of the pandemic, we did not in-
clude a placebo group in the trial, which may
have affected the reporting of adverse events.
However, the laboratory staff who performed PCR
tests remained unaware of the trial-group as-
signments.

Despite the promising in vitro results that
placed hydroxychloroquine among the leading
candidates for Covid-19 treatment and prophy-
laxis,”? there are no compelling data to suggest
that hydroxychloroquine is effective. We provide
evidence on the lack of efficacy of postexposure
prophylaxis therapy with hydroxychloroquine to
prevent SARS-CoV-2 infection or symptomatic
Covid-19.

Supported by the crowdfunding campaign YoMeCorono
(https://[www.yomecorono.com/), Generalitat de Catalunya, Zu-
rich Seguros, Synlab Diagndsticos, Laboratorios Rubid, and
Laboratorios Gebro Pharma. Laboratorios Rubié donated and
supplied the hydroxychloroquine (Dolquine).

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available
with the full text of this article at NEJM.org.

We thank Gerard Carot-Sans for providing medical writing
support with an earlier version of the manuscript, Eric Ubals
(Pierce AB) and Oscar Palao (Opentic) for website and database
management, Oscar Camps and the staff of Open Arms (a non-
governmental organization) for nursing home operations, Anna
Valenti and the staff of the human resources department at
Hospital Germans Trias i Pujol for telephone monitoring, Marc
Clotet and Natalia Sdnchez for coordinating the YoMeCorono
crowdfunding campaign, and the members of the institutional
review board at Hospital Germans Trias i Pujol and the Spanish
Agency of Medicines and Medical Devices for their prompt ac-
tion for consideration and approvals of the protocol.

APPENDIX

The authors’ full names and academic degrees are as follows: Oriol Mitja, Ph.D., Marc Corbacho-Monné, B.M., Maria Ubals, B.M.,
Andrea Alemany, B.M., Clara Suiier, Ph.D., Cristian Tebé, Ph.D., Aurelio Tobias, Ph.D., Judith Pefiafiel, M.Sc., Ester Ballana, Ph.D.,
Carla A. Pérez, B.M., Pol Admella, B.M., Nuria Riera-Marti, B.M., Pep Laporte, B.M., Jordi Mitja, M.B.A., Mireia Clua, M.B.A., Laia
Bertran, M.A., Maria Sarquella, M.A., Sergi Gavildn, B.A., Jordi Ara, Ph.D., Josep M. Argimon, Ph.D., Gabriel Cuatrecasas, B.M., Paz
Cariadas, Ph.D., Aleix Elizalde-Torrent, Ph.D., Robert Fabregat, Ph.D., Magi Farré, Ph.D., Anna Forcada, B.M., Gemma Flores-Mateo,
Ph.D., Cristina L6pez, B.Sc., Esteve Muntada, M.Sc., Nuria Nadal, M.B., Silvia Narejos, B.M., Aroa Nieto, B.N., Nuria Prat, B.M., Jordi
Puig, B.N., Carles Quifiones, M.Pharm., Ferran Ramirez-Viaplana, M.Sc., Juliana Reyes-Uruefia, Ph.D., Eva Riveira-Mufioz, Ph.D.,
Lidia Ruiz, Ph.D., Sergi Sanz, Ph.D., Alexis Sentis, M.P.H., Alba Sierra, B.N., César Velasco, Ph.D., Rosa M. Vivanco-Hidalgo, Ph.D.,
Juani Zamora, B.Sc., Jordi Casabona, Ph.D., Mart{ Vall-Mayans, Ph.D., Camila Gonzdlez-Beiras, Ph.D., and Bonaventura Clotet, Ph.D.

The authors’ affiliations are as follows: the Fight AIDS and Infectious Diseases Foundation (O.M., M.C.-M., M.U., A.A., C.S., E.B.,
C.A.P,, P.A, N.R.-M,, P.L,, .M., M.C., L.B., M.S., S.G., A.N,, J. Puig, F.R.-V., A. Sierra, M.V.-M., C.G.-B., B.C.), Hospital Universitari
Germans Trias i Pujol, Universitat Autonoma de Barcelona (O.M., J.A., M.F., C.Q., M.V.-M., B.C.), IrsiCaixa AIDS Research Institute,
Germans Trias i Pujol Research Institute (E.B., A.E.-T., E.R.-M., L.R.), and the Center of Epidemiologic Studies of HIV/AIDS and STI
of Catalonia, Catalan Institute of Oncology—Departament de Salut, Generalitat de Catalunya (E.M., J.R.-U., A. Sentis), Badalona, Facul-
tat de Medicina—Universitat de Barcelona (M.C.-M., M.U.), Institute of Environmental Assessment and Water Research, Spanish Coun-
cil for Scientific Research (A.T.), Direccié-Gerencia, Institut Catala de la Salut J.M.A., J.C.), Equip d’Atencié Primaria de Sarria (G.C.),
Synlab Diagnésticos (P.C.), Direccié General de Recerca i Innovacié en Salut, Generalitat de Catalunya (R.F.), TFS Clinical Contract
Research Organization (C.L., J.Z.), Geréncia Territorial de Barcelona, Institut Catala de la Salut (N.N.), ISGlobal, Hospital Clinic~Uni-
versitat de Barcelona (S.S.), and Agéncia de Qualitat i Avaluacié Sanitaries de Catalunya (C.V., R.M.V.-H.), Barcelona, Bellvitge Bio-
medical Research Institute, L’Hospitalet de Llobregat (C.T., J. Pefiafiel), Geréncia Territorial de Catalunya Central, Institut Catala de la
Salut, Sant Fruitds de Bages (A.F.), Xarxa Santa Tecla Sanitaria i Social, Tarragona (G.F.-M.), Entitat de Base Asociativa Centelles—Aten-
cié Primaria, Centelles (S.N.), Geréncia Territorial de Ambit Metropolita Nord, Institut Catala de la Salut, Sabadell (N.P.), Centro de
Investigacién Biomédica en Red de Epidemiologia y Salud Publica, Madrid (J.C.), and Universitat de Vic—Universitat Central de Catalu-
nya, Vic (O.M., B.C.) — all in Spain; and Lihir Medical Center-International SOS, Lihir Island, Papua New Guinea (O.M.).

N ENGLJ MED NEJM.ORG



HYDROXYCHLOROQUINE FOR PREVENTION OF COVID-19

REFERENCES

1. LiQ, Guan X, Wu D, et al. Early trans-
mission dynamics in Wuhan, China, of
novel coronavirus-infected pneumonia.
N EnglJ Med 2020;382:1199-207.

2. BiQ, WuY, Mei S, et al. Epidemiology
and transmission of COVID-19 in 391
cases and 1286 of their close contacts in
Shenzhen, China: a retrospective cohort
study. Lancet Infect Dis 2020;20:911-9 .
3. World Health Organization. Report of
the WHO-China Joint Mission on Corona-
virus Disease 2019 (COVID-19). February
2020  (https://[www.who.int/docs/default
-source/coronaviruse/who-china-joint
-mission-on-covid-19-final-report.pdf).

4. Zhao S, Lin Q, Ran J, et al. Prelimi-
nary estimation of the basic reproduction
number of novel coronavirus (2019-nCoV)
in China, from 2019 to 2020: a data-driv-
en analysis in the early phase of the out-
break. IntJ Infect Dis 2020;92:214-7.

5. World Health Organization. Strength-
ening preparedness for COVID-19 in cit-
ies and urban settings. April 2020 (https://
www.who.int/publications-detail/
strengthening-preparedness-for-covid-19
-in-cities-and-urban-settings).

6. Hellewell J, Abbott S, Gimma A, et al.
Feasibility of controlling COVID-19 out-
breaks by isolation of cases and contacts.
Lancet Glob Health 2020;8(4):e488-¢496.
7. World Health Organization. WHO
global influenza preparedness plan: the
role of WHO and recommendations for
national measures before and during pan-
demics. 2005 (https:/[apps.who.int/iris/
handle/10665/68998).

8. Dong L, Hu S, Gao J. Discovering
drugs to treat coronavirus disease 2019
(COVID-19). Drug Discov Ther 2020;14:
58-60.

9. Wang M, Cao R, Zhang L, et al. Rem-
desivir and chloroquine effectively inhibit
the recently emerged novel coronavirus
(2019-nCoV) in vitro. Cell Res 2020;30:
269-71.

10. Vincent MJ, Bergeron E, Benjannet S,
et al. Chloroquine is a potent inhibitor of

SARS coronavirus infection and spread.
Virol J 2005;2:69.

11. Yao X, Ye F, Zhang M, et al. In vitro
antiviral activity and projection of opti-
mized dosing design of hydroxychloro-
quine for the treatment of severe acute
respiratory syndrome coronavirus 2
(SARS-CoV-2). Clin Infect Dis 2020;71:
732-9.

12. Boulware DR, Pullen MF, Bangdiwala
AS, et al. A randomized trial of hydroxy-
chloroquine as postexposure prophylaxis
for Covid-19. N Engl J Med 2020;383:517-
25.

13. Catalan Ministry of Health. Catalan
epidemiological ~ surveillance  system
(http://salutpublica.gencat.cat/ca/ambits/
vigilancia_salut_publica/).

14. Centers for Disease Control and Pre-
vention. CDC 2019-novel coronavirus
(2019-nCoV) real-time RT-PCR diagnostic
panel. 2020 (https://www.fda.gov/media/
134922/download).

15. Whitman JD, Hiatt J, Mowery CT, et
al. Test performance evaluation of SARS-
CoV-2 serological assays. May 17, 2020
(https://[www.medrxiv.org/content/
10.1101/2020.04.25.20074856v2). preprint.
16. Kucirka LM, Lauer SA, Laeyendecker
O, Boon D, Lessler J. Variation in false-
negative rate of reverse transcriptase
polymerase chain reaction-based SARS-
CoV-2 tests by time since exposure. Ann
Intern Med 2020;173:262-7.

17. Eldridge SM, Ashby D, Kerry S. Sam-
ple size for cluster randomized trials: ef-
fect of coefficient of variation of cluster
size and analysis method. Int J Epidemiol
2006;35:1292-300.

18. Little RJA, Rubin DB. Statistical anal-
ysis with missing data. Hoboken, NJ: Wi-
ley, 2002.

19. Sterne JAC, White IR, Carlin JB, et al.
Multiple imputation for missing data in
epidemiological and clinical research: po-
tential and pitfalls. BMJ 2009;338:b2393.
20. Jolani S, Debray TPA, Koffijberg H,
van Buuren S, Moons KGM. Imputation of

N ENGL ) MED NEJM.ORG

systematically missing predictors in an
individual participant data meta-analysis:
a generalized approach using MICE. Stat
Med 2015;34:1841-63.

21. Campbell MJ, Donner A, Klar N. De-
velopments in cluster randomized trials
and Statistics in Medicine. Stat Med 2007;
26:2-19.

22. Wacholder S. Binomial regression in
GLIM: estimating risk ratios and risk dif-
ferences. Am J Epidemiol 1986;123:174-
84.

23. O’Quigley J, Stare J. Proportional haz-
ards models with frailties and random
effects. Stat Med 2002;21:3219-33.

24. R Core Team. R: A language and envi-
ronment for statistical computing. Vienna:
R Project, 2017 (https://www.r-project.org).
25. Long Q-X, Tang X-J, Shi Q-L, et al.
Clinical and immunological assessment
of asymptomatic SARS-CoV-2 infections.
Nat Med 2020;26:1200-4.

26. Mercuro NJ, Yen CF, Shim DJ, et al.
Risk of QT interval prolongation associ-
ated with use of hydroxychloroquine
with or without concomitant azithromy-
cin among hospitalized patients testing
positive for coronavirus disease 2019
(COVID-19). JAMA Cardiol 2020;5:1036-
41.

27. Kupferschmidt K, Cohen J. WHO
launches global megatrial of the four
most promising coronavirus treatments.
Science. March 22, 2020 (https://www
.sciencemag.org/news/2020/03/who
-launches-global-megatrial-four-most
-promising-coronavirus-treatments).

28. LiuJ, Cao R, Xu M, et al. Hydroxychlo-
roquine, a less toxic derivative of chloro-
quine, is effective in inhibiting SARS-
CoV-2 infection in vitro. Cell Discov 2020;
6:16.

29. Pastick KA, Okafor EC, Wang F, et al.
Review: hydroxychloroquine and chloro-
quine for treatment of SARS-CoV-2
(COVID-19). Open Forum Infect Dis 2020;
7(4):0faa130.

Copyright © 2020 Massachusetts Medical Society.

11



