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Hydroxychloroquine as Postexposure Prophylaxis to Prevent Severe
Acute Respiratory Syndrome Coronavirus 2 Infection
A Randomized Trial
Ruanne V. Barnabas, MBChB, MSc, DPhil; Elizabeth R. Brown, ScD; Anna Bershteyn, PhD; Helen C. Stankiewicz Karita, MD; 
Christine Johnston, MD, MPH; Lorna E. Thorpe, PhD, MPH; Angelica Kottkamp, MD; Kathleen M. Neuzil, MD, MPH; 
Miriam K. Laufer, MD, MPH; Meagan Deming, MD, PhD; Michael K. Paasche-Orlow, MD; Patricia J. Kissinger, PhD, MPH; 
Alfred Luk, MD; Kristopher Paolino, MD; Raphael J. Landovitz, MD, MSc; Risa Hoffman, MD; Torin T. Schaafsma, MS; 
Meighan L. Krows, BA; Katherine K. Thomas, MS; Susan Morrison, MD, MPH; Harald S. Haugen, MS; Lara Kidoguchi, MPH; 
Mark Wener, MD; Alexander L. Greninger, MD, PhD, MS, MPhil; Meei-Li Huang, PhD; Keith R. Jerome, MD, PhD;
Anna Wald, MD, MPH; Connie Celum, MD, MPH; Helen Y. Chu, MD, MPH; Jared M. Baeten, MD, PhD; for the 
Hydroxychloroquine COVID-19 PEP Study Team*

Background: Effective prevention against coronavirus disease
2019 (COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), is currently limited to nonpharma-
ceutical strategies. Laboratory and observational data suggested
that hydroxychloroquine had biological activity against SARS-
CoV-2, potentially permitting its use for prevention.

Objective: To test hydroxychloroquine as postexposure
prophylaxis for SARS-CoV-2 infection.

Design: Household-randomized, double-blind, controlled trial
of hydroxychloroquine postexposure prophylaxis. (ClinicalTrials
.gov: NCT04328961)

Setting: National U.S. multicenter study.

Participants: Close contacts recently exposed (<96 hours)
to persons with diagnosed SARS-CoV-2 infection.

Intervention: Hydroxychloroquine (400 mg/d for 3 days fol-
lowed by 200 mg/d for 11 days) or ascorbic acid (500 mg/d
followed by 250 mg/d) as a placebo-equivalent control.

Measurements: Participants self-collected mid-turbinate
swabs daily (days 1 to 14) for SARS-CoV-2 polymerase chain
reaction (PCR) testing. The primary outcome was PCR-
confirmed incident SARS-CoV-2 infection among persons
who were SARS-CoV-2 negative at enrollment.

Results: Between March and August 2020, 671 households
were randomly assigned: 337 (407 participants) to the

hydroxychloroquine group and 334 (422 participants) to the
control group. Retention at day 14 was 91%, and 10724 of
11606 (92%) expected swabs were tested. Among the 689
(89%) participants who were SARS-CoV-2 negative at base-
line, there was no difference between the hydroxychloroquine
and control groups in SARS-CoV-2 acquisition by day 14 (53
versus 45 events; adjusted hazard ratio, 1.10 [95% CI, 0.73 to
1.66]; P> 0.20). The frequency of participants experiencing
adverse events was higher in the hydroxychloroquine group
than the control group (66 [16.2%] versus 46 [10.9%], respec-
tively; P= 0.026).

Limitation: The delay between exposure, and then baseline
testing and the first dose of hydroxychloroquine or ascorbic
acid, was a median of 2 days.

Conclusion: This rigorous randomized controlled trial among
persons with recent exposure excluded a clinically meaningful
effect of hydroxychloroquine as postexposure prophylaxis to
prevent SARS-CoV-2 infection.

Primary Funding Source: Bill & Melinda Gates Foundation.

Ann Intern Med. doi:10.7326/M20-6519 Annals.org
For author, article, and disclosure information, see end of text.
This article was published at Annals.org on 8 December 2020.
* For members of the Hydroxychloroquine COVID-19 PEP Study Team, see
the Supplement (available at Annals.org).

As of 3 December 2020, there have been 64 million
reported cases of severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2), the virus that causes corona-
virus disease 2019 (COVID-19), and 1498772 deaths
globally (1), of which almost 14 million cases and
274121 deaths were reported in the United States. A
large proportion of people infected with SARS-CoV-2 are
asymptomatic or experience only mild acute symptoms
but may still transmit infection to close contacts (2, 3),
thus contributing to epidemic growth (4). Within house-
holds, the incidence of SARS-CoV-2 is high: 10% to 30%
of household contacts acquire infection (5). Although
physical distancing, mask use, ventilation, and hand-
washing decrease SARS-CoV-2 transmission (6–8), identi-
fying effective pharmaceutical interventions to prevent
SARS-CoV-2 acquisition is an exigent public health

priority (9). Postexposure prophylaxis (PEP) given to per-
sons exposed to other viral infections, such as influenza
and HIV, is effective and commonly used for prevention
(10–12). Effective PEP for SARS-CoV-2 may decrease new
infections andmitigate community transmission.

Hydroxychloroquine, a chloroquine analogue, has
been used safely for over 6 decades as an antimalarial
and to treat autoimmune conditions, with broad activity
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against intracellular organisms (13). With standard dos-
ing, chloroquine inhibits SARS-CoV-2 replication in vitro
(14, 15). Observational studies in health care settings
supported the use of hydroxychloroquine to prevent
SARS-CoV-2 (16, 17). Hydroxychloroquine and chloro-
quine are widely available globally; as such, they are
ideal candidates for repurposed pharmaceutical inter-
ventions to prevent SARS-CoV-2 infection because they
could be rapidly disseminated for new indications, includ-
ing in resource-limited settings. We conducted a multi-
center, double-blind, controlled, household-randomized
trial of hydroxychloroquine PEP among close contacts of
persons with diagnosed SARS-CoV-2 infection with the
primary outcome of incident SARS-CoV-2 infection ascer-
tained by polymerase chain reaction (PCR) assay.

METHODS

Study Design
The trial was conducted by 7 institutions in the

United States, as described elsewhere (18). The study
was designed in March 2020, when comparably less was
known about SARS-CoV-2 transmission. The initial sam-
ple size was based on an attack rate of 6%. At the first
meeting, before review of end points, the Data Safety
and Monitoring Board (DSMB) recommended that the
sample size be end point–driven for ease of monitoring
and to be more robust to incomplete evidence around
household attack rates. Thus, the design was changed to
an end point–driven trial and would stop when the pre-
specified number of end points were observed. Participants
were enrolled between 31 March and 21 August 2020 and
were followed for 2 weeks to determine SARS-CoV-2 infec-
tion. The Western Institutional Review Board approved this
study, with reliance agreements with the collaborating insti-
tutions. The study was registered with ClinicalTrials.gov
(NCT04328961).

Setting and Participants
The study was conducted across the United States,

with outreach to additional states from the 7 centers:
University of Washington, Seattle; New York University;
University of Maryland, Baltimore; Boston Medical Center;
Tulane University; University of California, Los Angeles; and
State University of New York Upstate Medical University.
Participants were recruited through online advertising,
including social media; referral from hospitals, providers,
health departments, or persons with known SARS-CoV-2
infection; and self-referral through the study website. Social
media advertising allowed recruitment to shift geographic
focus with changing COVID-19 incidence and move to
“hot spots” of infection. Each state was assigned to a site to
receive referrals. Potential participants signed up on the
studyWeb site, and physicians were able to refer individ-
uals through the Web site. Study team members con-
tacted participants to discuss the study objectives and
procedures.

Participants were eligible for randomization if they
were able to provide informed consent, were 18 to 80
years of age, had close contact with a person (index) with
recent known SARS-CoV-2 infection, had exposure within

the prior 96 hours, were able to conduct study visits via
telehealth, and were not planning to take hydroxychloro-
quine outside the study. Participants were excluded if
they had symptoms consistent with SARS-CoV-2 infec-
tion, if they were hospitalized, or if hydroxychloroquine
was medically contraindicated (Supplement, available
at Annals.org). Close contacts were defined as either
household contacts (residing in the same residence or
prolonged exposure in a confined space) of an index
person diagnosed within the past 14 days or health care
workers who cared for an index case without appropriate
personal protective equipment (19).

Study procedures were conducted remotely via Health
Insurance Portability and Accountability Act–compliant tele-
medicine. Before screening, all participants provided elec-
tronic informed consent, which included counseling about
randomization, risks and benefits of participation, study
procedures, and their rights as research participants.
Potential participants completed eligibility screening with a
clinician via a telemedicine visit, including timing of SARS-
CoV-2 exposure (0, 1, 2, 3, or 4 day/s since most recent
contact and duration of contact), risk for transmission, cur-
rent symptoms assessed through standardized questions
(Supplement Figure 1, available at Annals.org), and a
detailed medical history. During the enrollment visit, the
study clinician reviewed the study box contents and tech-
nique for specimen collection. All questionnaires were con-
ducted by using REDCap.

Randomizations and Interventions
The study analyst generated the randomization allo-

cation stratified by site and contact type (household ver-
sus health care–associated exposure). The study staff did
not have access to the randomization codes. Once eligi-
bility was confirmed and the enrollment visit completed,
a prescription was sent to the unblinded pharmacist who
accessed the randomization allocation via REDCap and
dispensed the study medication. Eligible participants in
the same household were randomly assigned to the
same group to prevent unblinding between study partic-
ipants. Households were randomly assigned in a 1:1 ratio
to receive either hydroxychloroquine (400 mg/d orally
for 3 days, then 200 mg/d orally for an additional 11
days) or ascorbic acid (500 mg/d orally for 3 days, then
250 mg/d orally for 11 days) as a placebo equivalent.
Both hydroxychloroquine and ascorbic acid tablets were
round, pale, and had a bitter or sour taste. The labeling
and packaging of the drug was identical in both groups.
The pharmacist was unblinded, but the participants,
investigators, laboratory technicians, and study team
members were blinded to participant allocation.

The dose of hydroxychloroquine was chosen based
on physiologically based pharmacokinetic modeling,
which identified 200 mg of hydroxychloroquine (155 mg
base) administered as 2 tablets daily for 3 days followed
by 1 tablet daily for 11 days as the optimal dose to
achieve levels above the lung half-maximal effective con-
centration of 242 ng/mL (18).

Outcomes and Follow-up
Within 48 hours of enrollment, a courier delivered a

study box to the participant. The study box contained
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study medication, swabs, capped collection tubes with
phosphate buffer solution transport medium, instruc-
tions, and packing and shipping materials. Each collec-
tion tube was labeled with the study day and had a
unique, scannable identification number to facilitate
tracking and linkage to the PCR result. Upon study box
arrival, and daily for 14 days, participants were instructed
by e-mail to collect their swab; take their study medica-
tion; and complete an online questionnaire to record
medication adherence, swab collection, symptoms, adverse
events, and social harms (defined as physical or verbal harm
related to study participation). Participants were taught how
to self-collect mid-turbinate swabs and pack them for return
shipping or pick-up from a local courier. The study box con-
tained written and illustrated instructions on how to collect
study specimens and pack them for return shipment. In
addition, videos were available to demonstrate good tech-
nique. Once participants received their study box, they had
the option of an additional telemedicine visit to review study
procedures.

Medical advice and counseling were available 24
hours a day, 7 days a week from the study teams who
responded daily to symptoms and social harms reported
via the questionnaires. Participants were asked to com-
plete their daily questionnaires by 2 p.m. local time each
day, which included a symptom check list, open-ended
questions, and an assessment of the severity of the symp-
tom (Supplement Figure 2, available at Annals.org). If a
concerning symptom or adverse event (grade 2 or
worse) was reported, a flag was sent to the study team to
follow up with the participant that day. Adverse events
were managed and verified by the study clinician, and an
adverse event form was completed and reviewed by the
medical monitor. Potential causality was assessed by the
study clinician and the medical monitor. Participants
were followed for an additional 2 weeks and completed
a day 28 exit questionnaire regarding symptoms and
COVID-19 testing outside the study.

Study data were managed at the University of
Washington International Clinical Research Center;
site monitoring, including monitoring of randomiza-
tion, was conducted by an external, independent clini-
cal trials monitoring group.

The primary trial end point was reverse-transcription
PCR (RT-PCR)–confirmed SARS-CoV-2 infection assessed
via samples collected daily through day 14, among par-
ticipants who were SARS-CoV-2 negative at baseline. To
detect viable virus, a sensitivity end point was defined by
using a lower PCR cycle threshold (Ct) cutoff of 38 (indi-
cating higher viral load) if a target was positive to define
a SARS-CoV-2–positive test. The Centers for Disease
Control and Prevention (CDC) definition of symptomatic
COVID-19 disease (20) assessed by using daily question-
naires through day 14 was a secondary end point. Safety
was assessed through adverse event reporting.

LaboratoryMethods
The RT-PCR testing was conducted by the University of

Washington Virology Laboratory by using a Washington
State emergency use authorized laboratory-developed test
targeting the SARS-CoV-2 nucleocapsid genes N1 and N2

(21). A subset of specimens were tested for RNase P, a
humanDNAmarker. The RT-PCR assays were performed on
an ABI 7500 real-time PCR system (Applied Biosystems). An
internal control amplification, either RNase P or EXO (RNA
spike-in), was performed to monitor RNA extraction and RT-
PCR quality. Specimens were considered positive if either or
both the N1 and N2 targets were detected and the Ct, a
semiquantitative measure of viral load, was 40 or less, con-
sistent with the criteria for clinical diagnosis.

Statistical Analysis
Initial sample size calculations were based on a bi-

nary outcome of incident SARS-CoV-2 in the first 2 weeks
after initiation of the intervention. Assuming 80% power
to detect a 50% reduction in incident SARS-CoV-2, with a
2-sided a value of 0.05, a 10% loss to follow-up, and an
attack rate of 6%, a sample size of 2000 was initially
planned, which would have been expected to yield 81
infections. Before end point data were assessed, the
sample size was recalculated by using an event-driven
design to allow use of all observed data at interim analy-
ses and not just data from participants who had com-
pleted follow-up. In addition, the event-driven design is
more robust to assumptions about the overall event rate,
preventing the need for redesign after observing end
point data. In the redesign, power was increased to 90%
and the design assumptions then anticipated 93 required
end points. At that time, published data suggested house-
hold attack rates of 10% in the absence of intervention;
therefore, we planned to enroll 1240 participants, acknowl-
edging that the overall final number of enrolled partici-
pants could be much lower or much higher than 1240
depending on the overall attack rate.

We used a Cox proportional hazards model to esti-
mate the adjusted hazard ratio (aHR) of the intervention
versus control for the primary, secondary, and sensitivity
efficacy end points. Models for all end points were strati-
fied by study site and type of contact (household mem-
ber versus health care worker) and, per U.S. Food and
Drug Administration guidance on SARS-CoV-2 preven-
tion studies, included adjustment for baseline variables
(sex at birth, age, and quarantine status) to increase pre-
cision (22) (Supplement Table 1, available at Annals.org).
The analysis for the secondary end point of symptomatic
COVID-19 included additional covariates: metabolic dis-
ease and weight. The secondary analysis for day 28 out-
comes included the day 28 SARS-CoV-2 PCR result and
reported positive SARS-CoV-2 tests between day 1 and
28. End point time was set at the midpoint between the
last negative and first positive assessments. Participants
who did not reach the efficacy end points were censored
at the last day when data were collected and did not
meet the corresponding outcome definition. Corresponding
95% CIs and Wald test statistics were calculated by using ro-
bust SEs from the sandwich estimator to account for correla-
tion (23) from multiple participants within a household.
Cumulative incidence was calculated by using the Kaplan–
Meier method, with 95% CIs computed by using robust SEs
(23). Efficacy and sensitivity analyses were performed on a
modified intention-to-treat (mITT) cohort of participants who
were confirmed to be SARS-CoV-2 PCR-negative at baseline.
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Subgroup sensitivity analyses explored whether the efficacy
of hydroxychloroquine varied with timing of exposure and
starting PEP and household characteristics. Participants with
missing covariate or subgroup defining data were excluded
from the secondary analyses. The efficacy analysis was con-
ducted on the intention-to-treat (ITT) cohort as a sensitivity
analysis.

The safety analyses were conducted on the ITT cohort.
Participants experiencing a safety event were compared
between the 2 arms by using the Fisher exact test. We per-
formed all analyses by using R, version 4.0.

An independent DSMB was constituted to review
study progress, participant safety, and the primary out-
come. Four interim analyses were planned. Stopping
guidelines used O’Brien–Fleming boundaries for the pri-
mary outcome, with DSMB reviews for both efficacy and
futility (24). The study was projected to reach the tar-
geted number of end points before the second planned
DSMB interim review on 21 August 2020, rendering an
interim analysis unnecessary.

Role of the Funding Source
The study was funded by the Bill & Melinda Gates

Foundation through the COVID-19 Therapeutics Accele-
rator and the University of Washington King K. Holmes
Endowed Professorship in STDs and AIDS. Hydroxy-
chloroquine for the study was donated by Sandoz. The
funders had no role in study design; data collection,
analysis, and interpretation; writing of the report; or in
the decision to submit for publication. The correspond-
ing author had full access to all study data and had final
responsibility for the decision to submit for publication.

RESULTS

Participants
Between 31March 2020 and 21 August 2020, 943 par-

ticipants were screened for study eligibility and 829 (88%)
were enrolled (Figure 1) from 41 states (Supplement
Figure 3, available at Annals.org). Of the 114 people who
were ineligible for randomization, 18 (16%) had symptoms
consistent with COVID-19; 14 (12%) had 96 or more hours
since exposure; 11 (10%) had health conditions that
excluded participation; and 71 (62%) met other exclusion
criteria, including lack of consent. A total of 671 households
(comprising 829 participants) were randomly assigned:
337 (407 participants) to the hydroxychloroquine group
and 334 (422 participants) to the control group. When
health care workers (n= 136) were excluded, the number
of household contacts enrolled ranged from 1 to 11 per
household, with 81% having 1 contact (Supplement Tables
2 and 3, available at Annals.org). Participants who tested
SARS-CoV-2 positive at baseline (83 of 829 [10%]) or for
whom a baseline result was not available (57 of 829 [7%])
were excluded from the mITT primary analysis (Supplement
Table 4, available at Annals.org), which left 689 participants:
353 in the hydroxychloroquine group and 336 in the control
group. RNase P was detected in more than 99% (1335 of
1347) of specimens tested.

For the 689 participants in the primary mITT analysis,
the median age was 39 years (interquartile range [IQR],

27 to 51 years) and 412 (60%) were female (Table 1). In
addition, 567 (82%) were household or close contacts of
an index case and 122 (18%) were exposed health care
workers. The median number of self-reported hours of
contact with the index case in the past 96 hours was 12
(IQR, 3 to 50 hours). The median time between the most
recent exposure and first dose of study medication was 2
days (IQR, 1 to 3 days). Each day, over 90% of partici-
pants completed their symptom questionnaire surveys
and collected follow-up swabs (Supplement Figures 4 to
7 and Supplement Tables 5 to 8, available at Annals.
org). Self-reported adherence to study medication was
94% to 82% (day 1 to 14) (Supplement Figures 8 and 9
and Supplement Tables 9 and 10, available at Annals
.org).

Primary Outcome
A total of 98 SARS-CoV-2 infections were detected in

the first 14 days of follow-up among participants who
were negative at baseline, for an overall cumulative inci-
dence of 14.3% (95% CI, 11.5% to 17.0%). Overall, there
were 53 SARS-CoV-2 acquisition events in the hydroxy-
chloroquine group and 45 events the control group
(aHR, 1.10 [CI, 0.73 to 1.66]; P > 0.20) (Table 2 and
Figure 2). In preplanned analyses, aHRs were not signifi-
cant within subgroup for type of contact, time between
most recent contact and first dose of study medication,
duration of contact, number of contacts enrolled within
the household, quarantine status, index symptoms, and
number of adults or children in the household (Supplement
Figure 10, available at Annals.org). A sensitivity analysis
using a PCR Ct value of 38 or less revealed 48 SARS-CoV-2
acquisition events in the hydroxychloroquine group and 36

Figure 1. Study flow diagram.

Assessed for eligibility (n = 943)

Excluded (n = 114)
   No eligible exposure: 25
   Currently hospitalized: 1
   Current health condition: 11
   COVID-19 symptoms: 18
   Potential drug interaction: 7
   Did not consent: 27
   Other reason for
      ineligibility: 25

Randomly assigned by
household (n = 829)

Assigned to receive HCQ
(n = 407; 337 households)

Assigned to receive control
(n = 422; 334 households)

Excluded from primary
analysis (n = 54)
   SARS-CoV-2–positive
      at baseline: 29
   Baseline result
      unavailable: 25

Excluded from primary
analysis (n = 86)
   SARS-CoV-2–positive
      at baseline: 54
   Baseline result
      unavailable: 32

Included in modified intention-to-
treat primary analysis (n = 353)

Included in modified intention-to-
treat primary analysis (n = 336)

HCQ = hydroxychloroquine; SARS-CoV-2 = severe acute respiratory
syndrome coronavirus 2.
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events in the control group (aHR, 1.26 [CI, 0.81 to 1.95]; P>
0.20). In the preplanned secondary analysis including infec-
tions up to day 28, there were 58 cases in the hydroxychlor-
oquine group and 48 cases in the control group (aHR, 1.16
[CI, 0.77 to 1.73]; P > 0.20) (Table 2). Among the 98 partici-
pants with incident PCR-confirmed SARS-CoV-2 infection,
76 (78%) met the CDC-defined criteria for symptomatic
COVID-19, for a cumulative COVID-19 incidence of 11.1%
(CI, 8.6% to 13.5%) at day 14. In that subset, there were 43
COVID-19 diagnoses in the hydroxychloroquine group and
33 in the control group (aHR, 1.27 [CI, 0.79 to 2.03]; P >
0.20). In the ITT analysis cohort, the overall cumulative

incidence of SARS-CoV-2 was 23.3% (CI, 19.6 to 26.8). There
were 82 SARS-CoV-2 acquisition events in the hydroxychlor-
oquine group and 99 events in the control group (aHR,
0.81 [CI, 0.57 to 1.14]; P > 0.20) (Supplement Figure 11
and Supplement Table 11, available at Annals.org). In a post
hoc sensitivity analysis that excluded participants in house-
holds where any contact tested SARS-CoV-2 positive at
baseline, there were 50 SARS-CoV-2 acquisition events in
the hydroxychloroquine group and 38 events in the control
group (aHR, 1.20 [CI, 0.78 to 1.84]; P> 0.20) (Supplement
Figure 12 and Supplement Table 12, available at Annals
.org).

Table 1. Baseline Characteristics of the Modified Intention-to-Treat Cohort

Characteristic All Participants
(n = 689), n (%)

HCQ Group
(n = 353), n (%)

Control Group
(n = 336), n (%)

Age

Median (IQR), y 39 (27–51) 40 (27–51) 38 (26–50)

18–29 y 211 (31) 103 (29) 108 (32)

30–39 y 142 (21) 72 (20) 70 (21)

40–49 y 143 (21) 70 (20) 73 (22)

50–59 y 133 (19) 77 (22) 56 (17)

60–69 y 44 (6) 23 (7) 21 (6)

70–80 y 16 (2) 8 (2) 8 (2)

Sex at birth
Female 412 (60) 215 (61) 197 (59)

Male 277 (40) 138 (39) 139 (41)

Consent language
English 638 (93) 335 (95) 303 (90)

Spanish 51 (7) 18 (5) 33 (10)

Race/ethnicity
American Indian or Alaska Native 12 (2) 7 (2) 5 (1)

Asian 73 (11) 30 (8) 43 (13)

Black or African American 54 (8) 20 (6) 34 (10)

Hispanic 155 (22) 69 (20) 86 (26)

Native Hawaiian or other Pacific Islander 2 (<1) 1 (<1) 1 (<1)

White (non-Hispanic) 369 (54) 209 (59) 160 (48)

Other 24 (3) 17 (5) 7 (2)

Contact type
Household/social contact 567 (82) 290 (82) 277 (82)

Health care worker 122 (18) 63 (18) 59 (18)

Time from last contact to first dose
Median (IQR), d 2 (1–3) 2 (1–4) 2 (1–3)

< 1 d 202 (29) 98 (28) 104 (31)

1–1.9 d 145 (21) 69 (20) 76 (23)

2–2.9 d 95 (14) 53 (15) 42 (12)

3–3.9 d 114 (17) 58 (16) 56 (17)

4–4.9 d 78 (11) 46 (13) 32 (10)

� 5 d 55 (8) 29 (8) 26 (8)

Median (IQR) hours of contact time with index case in the past 96 h
12 (3–50) 12 (2–48) 12 (4–50)

Currently quarantined 394 (57) 199 (56) 195 (58)

Presence of metabolic disease
118 (17) 56 (16) 62 (18)

Median body weight (IQR), kg 77 (64–91) 77 (66–91) 77 (64–91)

HCQ = hydroxychloroquine; IQR = interquartile range.
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Safety
There were 112 participants in the ITT cohort who

experienced adverse events consistent with known side
effects of hydroxychloroquine, which included gastroin-
testinal symptoms and rash. Overall, the frequency was
higher in the hydroxychloroquine group than in the con-
trol group (66 [16.2%] versus 46 [10.9%], respectively;
P= 0.026) (Table 3). Three of 829 participants (0.4%)
experienced serious adverse events that were assessed
as not related to study medication, and 1 participant
experienced a severe adverse event that was assessed as
related to a study medication. Overall, 39 participants
(4.7%) had grade 2 or higher adverse events: 4.7% (19 of
407) in the hydroxychloroquine group and 4.7% (20 of

422) in the control group. Social harms due to lack
of social support for trial participation were reported by
18 participants (2.2%).

DISCUSSION

In this randomized, double-blind, controlled trial
conducted across multiple sites in the United States,
SARS-CoV-2 incidence among close contacts of persons
with confirmed SARS-CoV-2 infection was high—almost
15% over 14 days—and was similar between those receiv-
ing hydroxychloroquine and those receiving control
medication. We used a rigorous design, assessed eligi-
bility for PEP on the basis of exposure to recently

Table 2. Cumulative Incidence and Hazard Ratios of Reverse-Transcription Polymerase Chain Reaction–Confirmed SARS-CoV-2
Infection and COVID-19

Analysis HCQ Group (n = 353) Control Group (n = 336) HCQ Group Versus Control Group

End
Points, n

Cumulative Incidence
(95% CI),%

End
Points, n

Cumulative Incidence
(95% CI),%

Adjusted Hazard Ratio
(95% CI)*

P Value

SARS-CoV-2 infection by day 14

Primary analysis† 53 15.1 (11.0–18.9) 45 13.5 (9.7–17.1) 1.10 (0.73–1.66) >0.20

Sensitivity analysis‡ 48 13.7 (9.9–17.4) 36 10.9 (7.4–14.2) 1.26 (0.81–1.95) >0.20

Secondary analysis

SARS-CoV-2 infection by day 28 58 16.9 (12.5–21.1) 48 14.5 (10.6–18.2) 1.16 (0.77–1.73) >0.20

COVID-19 disease† 43 12.2 (8.5–15.8) 33 9.9 (6.6–13.0) 1.27 (0.79–2.03) >0.20

COVID-19 = coronavirus disease 2019; HCQ = hydroxychloroquine; SARS-CoV2 = severe acute respiratory syndrome coronavirus 2.
* All models are stratified (baseline hazard) by study site and contact type (household/social contact vs. healthcare worker) and adjusted for age (y)
and sex at birth. The SARS-CoV-2 infection models also adjust for quarantine status at enrollment. The COVID-19 disease model also adjusts for
weight and presence of metabolic disease.
† The SARS-CoV-2 infection primary end point and COVID-19 disease end point considered a cycle threshold �40 as positive.
‡ The SARS-CoV-2 infection sensitivity end point considered a cycle threshold �38 as positive.

Figure 2.Cumulative incidence of SARS-CoV-2.
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diagnosed index cases, conducted baseline SARS-CoV-2
PCR testing of enrolled participants and daily PCR testing
to ascertain the primary end point of incident SARS-CoV-
2, and had high retention of participants, and the study
was sufficiently powered to detect a clinically important
prevention effect of hydroxychloroquine. The lack of
effect shown in this study builds on other recent data (25,
26) and provides strong evidence against the use of
hydroxychloroquine for SARS-CoV-2 PEP.

We hypothesized that hydroxychloroquine would
decrease SARS-CoV-2 acquisition, on the basis of obser-
vational evidence (16, 17) and in vitro data in Vero cells
(14, 15) that were not replicated later in human lung cells
(27). Two other randomized trials recently tested hydrox-
ychloroquine for PEP and also found no effect, but these
trials had significant limitations. One study did not assess
SARS-CoV-2 status at baseline and relied primarily on
self-report of flulike illness for the primary trial end
points, rather than an objective virologic end point (25).
A second trial used an unblinded, uncontrolled design;
did infrequent PCR testing for incident infection until day
14; and was underpowered to assess incident infection
(26). Yet, frequent testing is needed to detect transient
infections. We provide robust evidence based on a well-
powered study with a biological end point among per-
sons confirmed to be SARS-CoV-2 negative at baseline.
In addition, a clinical trial assessing the efficacy of

hydroxychloroquine as preexposure prophylaxis among
health care workers did not find a clinical benefit of 8
weeks of study drug administration (28).

Household contacts and health care workers are a
priority population for SARS-CoV-2 prevention. Although
social distancing and use of personal protective equip-
ment prevent some infections, it is challenging to follow
these guidelines in many circumstances (for example,
when providing emergency care). As we observed, even
when the risk for exposure is known, SARS-CoV-2 inci-
dence can be high—14% over 14 days in our study, on
top of 10% who were infected at baseline, for a total cu-
mulative incidence of over 23%. Once an efficacious
intervention for PEP is identified, implementation science
will need to evaluate strategies for timely delivery for pre-
vention of SARS-CoV-2 infection and a suite of strategies
will be needed, including PEP; potentially preexposure
prophylaxis; early treatment; and, ideally, vaccination.

Strengths of our study include the household-
randomized, double-blind, controlled design. Remote
clinical trial infrastructure (including recruitment via social
media, telemedicine visits, electronic consent, participant-
collected specimens, and electronic questionnaires) allowed
safe conduct of a clinical trial during a pandemic while limit-
ing in-person visits and conserving space, personnel, and
resources for necessary clinical care. In addition, the trial
successfully identified and enrolled persons at risk for

Table 3. Participants Experiencing Adverse Events*

Adverse Event All Participants
(n = 829), n (%)

HCQ Group
(n = 407), n (%)

Control Group
(n = 422), n (%)

Category

Any adverse event† 112 (13.5) 66 (16.2) 46 (10.9)

Diarrhea, abdominal discomfort, or vomiting 32 (3.9) 25 (6.1) 7 (1.7)

Nausea or upset stomach 24 (2.9) 14 (3.4) 10 (2.4)

Skin reaction/rash 19 (2.3) 11 (2.7) 8 (1.9)

Neurologic reaction: irritability, dizziness, or vertigo 17 (2.1) 6 (1.5) 11 (2.6)

Headache 12 (1.4) 5 (1.2) 7 (1.7)

Hot flashes, night sweats, or palpitations 8 (1.0) 2 (0.5) 6 (1.4)

Taste change or dry mouth 7 (0.8) 1 (0.2) 6 (1.4)

Fatigue 6 (0.7) 4 (1.0) 2 (0.5)

Visual changes 4 (0.5) 4 (1.0) 0 (0.0)

Allergic reaction 2 (0.2) 2 (0.5) 0 (0.0)

Tinnitus 0 (0.0) 0 (0.0) 0 (0.0)

Grade
Grade �2 39 (4.7) 19 (4.7) 20 (4.7)

Grade 1: mild 85 (10.3) 51 (12.5) 34 (8.1)

Grade 2: moderate 35 (4.2) 17 (4.2) 18 (4.3)

Grade 3: severe‡ 4 (0.5) 2 (0.5) 2 (0.5)

HCQ = hydroxychloroquine.
* More than 1 adverse event could occur per participant. Adverse events that are generally accepted as associated with HCQ are itemized in the
table.
† P = 0.026.
‡ Two of the 4 severe adverse events were hospitalizations for COVID-19 (one each in the HCQ and control groups), which resolved with supple-
mental oxygen and did not require mechanical ventilation. One was a planned imaging procedure during which the participant (in the control
group) developed an allergy to the contrast medium and remained in hospital for observation. One was a reaction to a study medication, which the
participant later recalled was a known allergy.
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SARS-CoV-2 infection who subsequently demonstrated
high incidence and were successfully retained in both
randomized groups. This experience of remote clinical trial
conduct provided lessons learned regarding the utility of
telemedicine combined with participant-collected speci-
mens which could be applied to other clinical investiga-
tions. Electronic consent and telemedicine were critical
components of the study operations, and changes in guid-
ance facilitating telemedicine across state lines were key
for success. These changes would simplify clinical trials in
the future and increase the geographic area covered as
participants are not required to travel for study visits. The
study primary aim was measured by detection of SARS-
CoV-2 by RT-PCR, minimizing statistical noise from nonspe-
cific respiratory symptoms that may be due to another
cause.

Limitations of the study include the average of a 2-
day window between most recent exposure and initia-
tion of study medication owing to remote recruitment
and shipping times; PEP should be given as soon as pos-
sible after exposure to prevent infection. Delays in index
testing and receipt of results meant that some index
cases may have had infection for several days before the
enrollment of their close contacts into this trial, during
which time transmission could occur. Among all enrolled
participants, 10% tested SARS-CoV-2 positive at baseline;
however, the primary analysis was conducted only among
persons who were SARS-CoV-2 negative at baseline.

Although we had biological confirmation of incident
cases, we did not test the viability of SARS-CoV-2 via cul-
ture or subgenomic RNA analysis to assess markers of
active replication and thus onward transmission (29). As
techniques emerge to assess SARS-CoV-2 viability, char-
acterizing viral and host factors related to infectiousness
and susceptibility could help identify strategies to decrease
SARS-CoV-2 transmission.With tests of viral viability new tri-
als for PEPmay be warranted.

Several reasons may explain why we found no effi-
cacy of hydroxychloroquine for prevention of SARS-CoV-
2 infection. First, the repurposed agent may have been
the wrong choice of medication or used at an insufficient
dose, even though pharmacokinetic modeling was used
to choose the dose (18). In addition, self-reported adher-
ence was uniformly high, but lack of adherence can
always be a potential explanation for lack of effect in a
clinical trial. Finally, the sample size may not have been
adequate to exclude small but clinically meaningful
decreases in infection, and, in all trials, chance may play a
role in the outcome. However, on the basis of our data
and that of others (25,26), the conclusion that this drug is
ineffective for SARS-CoV-2 prevention is most reasonable.

PEP are evaluating repurposed biomedical interventions,
including lopinavir–ritonavir and nitazoxanide (31–33),
and passive immunization with anti-SARS-CoV-2 conva-
lescent plasma (34) or SARS-CoV-2–specific antispike
monoclonal antibodies (35–37). If safe and effective post-
exposure interventions are identified, they could decrease
SARS-CoV-2 incidence, interrupt community transmission,
and play a pivotal role in controlling the COVID-19
pandemic.
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Even if highly effective and safe vaccines are identi-
fied (30), individuals exposed shortly before or after vac-
cination may not receive protection because of the time 
required to develop protective antibodies after immun-
ization, making PEP a complementary intervention for 
COVID-19 prevention. Ongoing studies for SARS-CoV-2

http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M20-6519
http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M20-6519
mailto:icrc@uw.edu
http://www.annals.org


Corresponding Author: Ruanne V. Barnabas, International
Clinical Research Center (ICRC), Department of Global Health,
University of Washington, UW Box 359927, 325 Ninth Avenue,
Seattle, WA 98104; e-mail, rbarnaba@uw.edu.

Current author addresses and author contributions are avail-
able at Annals.org.

References
1. Dong E, Du H, Gardner L. An interactive web-based dashboard
to track COVID-19 in real time [Letter]. Lancet Infect Dis. 2020;20:
533-534. [PMID: 32087114] doi:10.1016/S1473-3099(20)30120-1
2. Wu Z, McGoogan JM. Characteristics of and important lessons
from the coronavirus disease 2019 (COVID-19) outbreak in China:
summary of a report of 72?314 cases from the Chinese Center
for Disease Control and Prevention. JAMA. 2020;323:1239-1242.
[PMID: 32091533] doi:10.1001/jama.2020.2648
3. World Health Organization. Transmission of SARS-CoV-2: impli-
cations for infection prevention precautions. 9 July 2020. Accessed
at www.who.int/news-room/commentaries/detail/transmission-of-sars
-cov-2-implications-for-infection-prevention-precautions on 24 August
2020.
4. Oran DP, Topol EJ. Prevalence of asymptomatic SARS-CoV-2
infection. A narrative review. Ann Intern Med. 2020;173:362-367.
doi:10.7326/M20-3012
5. Madewell ZJ, Yang Y, Longini IM, et al. Household transmission
of SARS-CoV-2: a systematic review and meta-analysis of secondary
attack rate. med. Rxiv. 2020. [PMID: 32766596] doi:10.1101/2020
.07.29.20164590
6. Drake TM, Docherty AB, Weiser TG, et al. The effects of physical
distancing on population mobility during the COVID-19 pandemic
in the UK. Lancet Digit Health. 2020;2:e385-e387. [PMID: 32835195]
doi:10.1016/S2589-7500(20)30134-5
7. Gudbjartsson DF, Helgason A, Jonsson H, et al. Spread of SARS-
CoV-2 in the Icelandic population. N Engl J Med. 2020;382:2302-
2315. [PMID: 32289214] doi:10.1056/NEJMoa2006100
8. Centers for Disease Control and Prevention. Coronavirus disease
2019 (COVID-19): how to protect yourself & others. Accessed at
www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention
.html on 24 August 2020.
9. Mitjà O, Clotet B. Use of antiviral drugs to reduce COVID-19
transmission [Letter]. Lancet Glob Health. 2020;8:e639-e640.
[PMID: 32199468] doi:10.1016/S2214-109X(20)30114-5
10. Gentile I, Maraolo AE, Piscitelli P, et al. COVID-19: time for
post-exposure prophylaxis. Int J Environ Res Public Health. 2020;
17. [PMID: 32512873] doi:10.3390/ijerph17113997
11. Welliver R, Monto AS, Carewicz O, et al; Oseltamivir Post
Exposure Prophylaxis Investigator Group. Effectiveness of oseltami-
vir in preventing influenza in household contacts: a randomized
controlled trial. JAMA. 2001;285:748-54. [PMID: 11176912]
12. Ikematsu H, Hayden FG, Kawaguchi K, et al. Baloxavir marboxil
for prophylaxis against influenza in household contacts. N Engl J
Med. 2020;383:309-320. [PMID: 32640124] doi:10.1056/NEJMoa
1915341
13. Rolain JM, Colson P, Raoult D. Recycling of chloroquine and its
hydroxyl analogue to face bacterial, fungal and viral infections in
the 21st century. Int J Antimicrob Agents. 2007;30:297-308. [PMID:
17629679]
14. Wang M, Cao R, Zhang L, et al. Remdesivir and chloroquine
effectively inhibit the recently emerged novel coronavirus (2019-
nCoV) in vitro [Letter]. Cell Res. 2020;30:269-271. [PMID: 32020029]
doi:10.1038/s41422-020-0282-0
15. Yao X, Ye F, Zhang M, et al. In vitro antiviral activity and projec-
tion of optimized dosing design of hydroxychloroquine for the

treatment of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). Clin Infect Dis. 2020;71:732-739. [PMID: 32150618]
doi:10.1093/cid/ciaa237
16. Ferreira A, Oliveira-E-Silva A, Bettencourt P. Chronic treatment
with hydroxychloroquine and SARS-CoV-2 infection. J Med Virol.
2020. [PMID: 32644224] doi:10.1002/jmv.26286
17. Lee SH, Son H, Peck KR. Can post-exposure prophylaxis for
COVID-19 be considered as an outbreak response strategy in long-
term care hospitals. Int J Antimicrob Agents. 2020;55:105988
[PMID: 32305587] doi:10.1016/j.ijantimicag.2020.105988
18. Barnabas RV, Brown E, Bershteyn A, et al; Hydroxychloroquine
COVID-19 PEP Study Team. Efficacy of hydroxychloroquine for
post-exposure prophylaxis to prevent severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection among adults exposed
to coronavirus disease (COVID-19): a structured summary of a study
protocol for a randomised controlled trial [Letter]. Trials. 2020;
21:475. [PMID: 32493478] doi:10.1186/s13063-020-04446-4
19. Centers for Disease Control and Prevention. Using personal
protective equipment (PPE). 9 June 2020. Accessed at www.cdc
.gov/coronavirus/2019-ncov/hcp/using-ppe.html on 24 August 2020.
20. Centers for Disease Control and Prevention. Coronavirus
disease 2019 (COVID-19) 2020 interim case definition, approved
April 5, 2020. Accessed at wwwn.cdc.gov/nndss/conditions/corona
virus-disease-2019-covid-19/case-definition/2020 on 26 August 2020.
21. Lieberman JA, Pepper G, Naccache SN, et al. Comparison of
commercially available and laboratory-developed assays for in vitro
detection of SARS-CoV-2 in clinical laboratories. J Clin Microbiol.
2020;58. [PMID: 32350048] doi:10.1128/JCM.00821-20
22. U.S. Department of Health and Human Services; Food and
Drug Administration; Center for Drug Evaluation and Research
(CDER); Center for Biologics Evaluation and Research (CBER).
COVID-19: developing drugs and biological products for treatment
or prevention: guidance for industry. May 2020. Accessed at www
.fda.gov/media/137926/download on 27 August 2020.
23. Therneau TM, Grambsch PM. Modeling Survival Data:
Extending the Cox Model. Springer; 2000.
24. O’Brien PC, Fleming TR. A multiple testing procedure for clini-
cal trials. Biometrics. 1979;35:549-56. [PMID: 497341]
25. Boulware DR, Pullen MF, Bangdiwala AS, et al. A randomized
trial of hydroxychloroquine as postexposure prophylaxis for covid-
19. N Engl J Med. 2020;383:517-525. [PMID: 32492293] doi:10
.1056/NEJMoa2016638
26. Mitja O, Ubals M, Corbacho M, et al. A cluster-randomized trial
of hydroxychloroquine as prevention of Covid-19 transmission and
disease. medRxiv. Preprint posted online 26 July 2020. doi:10.1101
/2020.07.20.20157651
27. Hoffmann M, Mösbauer K, Hofmann-Winkler H, et al. Chloroquine
does not inhibit infection of human lung cells with SARS-CoV-2.
Nature. 2020;585:588-590. [PMID: 32698190] doi:10.1038/s41586
-020-2575-3
28. Abella BS, Jolkovsky EL, Biney BT, et al; and the Prevention
and Treatment of COVID-19 With Hydroxychloroquine (PATCH)
Investigators. Efficacy and safety of hydroxychloroquine vs placebo
for pre-exposure SARS-CoV-2 prophylaxis among health care work-
ers: a randomized clinical trial. JAMA Intern Med. 2020. [PMID:
33001138] doi:10.1001/jamainternmed.2020.6319
29. Perera RAPM, Tso E, Tsang OTY, et al. SARS-CoV-2 virus culture
and subgenomic RNA for respiratory specimens from patients with
mild coronavirus disease. Emerg Infect Dis. 2020;26:2701-2704.
[PMID: 32749957] doi:10.3201/eid2611.203219
30. Bar-Zeev N, Moss WJ. Encouraging results from phase 1/2
COVID-19 vaccine trials. Lancet. 2020;396:448-449. [PMID: 32702300]
doi:10.1016/S0140-6736(20)31611-1
31. COVID-19 ring-based prevention trial with lopinavir/ritonavir
(CORIPREV-LR). ClinicalTrials.gov. Accessed at https://clinicaltrials.
gov/ct2/show/NCT04321174 on 26 August 2020.

Postexposure Hydroxychloroquine Prophylaxis to Prevent SARS-CoV-2 Infection ORIGINAL RESEARCH

Annals.org Annals of Internal Medicine 9

mailto:icrc@uw.edu
http://www.annals.org
http://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions
http://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions
http://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html
http://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html
http://www.cdc.gov/coronavirus/2019-ncov/hcp/using-ppe.html
http://www.cdc.gov/coronavirus/2019-ncov/hcp/using-ppe.html
http://wwwn.cdc.gov/nndss/conditions/coronavirus-disease-2019-covid-19/case-definition/2020
http://wwwn.cdc.gov/nndss/conditions/coronavirus-disease-2019-covid-19/case-definition/2020
http://www.fda.gov/media/137926/download
http://www.fda.gov/media/137926/download
https://clinicaltrials.gov/ct2/show/NCT04321174
https://clinicaltrials.gov/ct2/show/NCT04321174
http://www.annals.org


32. Efficacy and safety of nitazoxanide for post exposure prophylaxis
of COVID-19. ClinicalTrials.gov. Accessed at https://clinicaltrials.gov
/ct2/show/NCT04435314 on 26 August 2020.
33. Measles vaccine in HCW (MV-COVID19). ClinicalTrials.gov.
Accessed at https://clinicaltrials.gov/ct2/show/NCT04357028 on 30
August 2020.
34. Convalescent plasma for COVID-19 close contacts. Clinical
Trials.gov. Accessed at https://clinicaltrials.gov/ct2/show/NCT04390503
on 30August 2020.
35. Baum A, Fulton BO, Wloga E, et al. Antibody cocktail to SARS-
CoV-2 spike protein prevents rapid mutational escape seen with

individual antibodies. Science. 2020;369:1014-1018. [PMID: 32540904]
doi:10.1126/science.abd0831
36. Hansen J, BaumA, Pascal KE, et al. Studies in humanizedmice and
convalescent humans yield a SARS-CoV-2 antibody cocktail. Science.
2020;369:1010-1014. [PMID: 32540901] doi:10.1126/science.abd0827
37. Study assessing the efficacy and safety of anti-spike SARS CoV-
2 monoclonal antibodies for prevention of SARS CoV-2 infection
asymptomatic in healthy adults who are household contacts to an
individual with a positive SARS-CoV-2 RT-PCR assay. ClinicalTrials.
gov. Accessed at https://clinicaltrials.gov/ct2/show/NCT04452318
on 30 August 2020.

ORIGINAL RESEARCH Postexposure Hydroxychloroquine Prophylaxis to Prevent SARS-CoV-2 Infection

10 Annals of Internal Medicine Annals.org

https://clinicaltrials.gov/ct2/show/NCT04435314
https://clinicaltrials.gov/ct2/show/NCT04435314
https://clinicaltrials.gov/ct2/show/NCT04357028
https://clinicaltrials.gov/ct2/show/NCT04390503
https://clinicaltrials.gov/ct2/show/NCT04452318
http://www.annals.org


Current Author Addresses: Drs. Barnabas, Stankiewicz Karita,
Morrison, Celum, and Baeten; Mr. Schaafsma; Ms. Krows; Ms.
Thomas; Mr. Haugen; and Ms. Kidoguchi: International Clinical
Research Center (ICRC), Department of Global Health,
University of Washington, UW Box 359927, 325 Ninth Avenue,
Seattle, WA 98104.
Dr. Brown: Fred Hutchinson Cancer Research Center, 1100
Fairview Avenue North, Seattle, WA 98109.
Dr. Bershteyn: Translational Research Building, 227 East 30th
Street, New York, NY 10016.
Dr. Johnston: International Clinical Research Center (ICRC),
Department of Global Health, University of Washington, UW
Box 359928, 325 Ninth Avenue, Seattle, WA 98104.
Dr. Thorpe: NYU Grossman School of Medicine, 180 Madison
Avenue, New York, NY 10016.
Dr. Kottkamp: Bellevue Hospital, 462 First Avenue, H Building,
16S 5-13, New York, NY 10016.
Drs. Neuzil, Laufer, and Deming: Center for Vaccine
Development and Global Health, University of Maryland School
of Medicine, 685 West Baltimore Street, Room 480, Baltimore,
MD 21201.
Dr. Paasche-Orlow: Boston Medical Center, 801 Massachusetts
Avenue, Second Floor, Boston, MA 02119.
Dr. Kissinger: Tulane University School of Public Health and
Tropical Medicine, 1440 Canal Street, Suite 2004, New Orleans,
LA 70112.
Dr. Luk: Tulane University Health Sciences Center, Section of
Infectious Disease, 1415 Tulane Avenue, New Orleans, LA
70112.
Dr. Paolino: Upstate Medical University, Infectious Disease
Division, 725 Irving Avenue, Suite 311, Syracuse, NY 13210.
Dr. Landovitz: UCLA Center for Clinical AIDS Research &
Education, 911 Broxton Avenue, Suite 200, Los Angeles, CA
90024.
Dr. Hoffman: UCLA Department of Medicine, Division of
Infectious Diseases, 10833 Le Conte Avenue, 52-215 CHS, Los
Angeles, CA 90095.
Dr. Wener: University of Washington Medical Center,
Department of Laboratory Medicine and Pathology, Box
357110, Seattle, WA 98195.
Drs. Greninger and Huang: University of Washington, Virology
Laboratory, 1616 Eastlake Avenue East, Suite 320, Seattle, WA
98102.
Dr. Jerome: Fred Hutchinson Cancer Research Center, 1100
Fairview Avenue North, E5-110, Seattle, WA 98109.
Dr. Wald: University of Washington, 325 Ninth Avenue,
HMC#359928, Seattle, WA 98104.
Dr. Chu: University of Washington, 750 Republican Street,
UWMC#358061, Seattle, WA 98109.

Author Contributions: Conception and design: R.V. Barnabas,
E.R. Brown, A. Bershteyn, K.M. Neuzil, M.L. Krows, M. Wener, A.
Wald, C. Celum, H.Y. Chu, J.M. Baeten.
Analysis and interpretation of the data: R.V. Barnabas, E.R.
Brown, C. Johnston, L.E. Thorpe, K.M. Neuzil, M.K. Laufer, P.J.
Kissinger, K. Paolino, R.J. Landovitz, R.M. Hoffman, T.T.
Schaafsma, K.K. Thomas, L. Kidoguchi, M.L. Huang, K.R.
Jerome, A.Wald, C. Celum, H.Y. Chu, J.M. Baeten.
Drafting of the article: R.V. Barnabas, E.R. Brown, K.M. Neuzil,
M.K. Laufer, P.J. Kissinger, T.T. Schaafsma, M.L. Krows, C.
Celum.
Critical revision for important intellectual content: R.V.
Barnabas, E.R. Brown, A. Bershteyn, H.C. Stankiewicz Karita, C.
Johnston, L.E. Thorpe, A. Kottkamp, K.M. Neuzil, M.K. Laufer,
M.K. Paasche-Orlow, P.J. Kissinger, K. Paolino, R.J. Landovitz,
R.M. Hoffman, T.T. Schaafsma, K.K. Thomas, S. Morrison, M.
Wener, A. Wald, H.Y. Chu, J.M. Baeten.
Final approval of the article: R.V. Barnabas, E.R. Brown, A.
Bershteyn, H.C. Stankiewicz Karita, C. Johnston, L.E. Thorpe, A.
Kottkamp, K.M. Neuzil, M.K. Laufer, M. Deming, M.K. Paasche-
Orlow, P.J. Kissinger, A. Luk, R.J. Landovitz, K. Paolino, R.M.
Hoffman, T.T. Schaafsma, M.L. Krows, K.K. Thomas, S. Morrison,
H.S. Haugen, L. Kidoguchi, M. Wener, A.L. Greninger, M.L.
Huang, K.R. Jerome, A.Wald, C. Celum, H.Y. Chu, J.M. Baeten.
Provision of study materials or patients: H.C. Stankiewicz Karita,
A. Kottkamp, M.K. Laufer, M. Deming, M.K. Paasche-Orlow, P.J.
Kissinger, A. Luk, R.J. Landovitz, R.M. Hoffman, A.Wald.
Statistical expertise: E.R. Brown, T.T. Schaafsma, K.K. Thomas.
Obtaining of funding: R.V. Barnabas, J.M. Baeten.
Administrative, technical, or logistic support: H.C. Stankiewicz
Karita, L.E. Thorpe, A. Kottkamp, M.K. Laufer, M.K. Paasche-
Orlow, A.L. Greninger, H.S. Haugen, M. Wener, M.L. Huang,
K.R. Jerome, A.Wald, J.M. Baeten.
Collection and assembly of data: A. Bershteyn, H.C. Stankiewicz
Karita, C. Johnston, L.E. Thorpe, A Kottkamp, K.M. Neuzil, M.K.
Laufer, M.K. Paasche-Orlow, P.J. Kissinger, K. Paolino, R.J.
Landovitz, R.M. Hoffman, T.T. Schaafsma, S. Morrison, A.L.
Greninger, M.L. Huang, K.R. Jerome, C. Celum, J.M. Baeten.

Annals.org Annals of Internal Medicine

http://www.annals.org

