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Chloroquine for influenza prevention: a randomised,
double-blind, placebo controlled trial

Nicholas | Paton, Lawrence Lee, Ying Xu, Eng Eong Ooi, Yin Bun Cheung, Sophia Archuleta, Gerard Wong, Annelies Wilder-Smith

Summary

Background Chloroquine has in-vitro activity against influenza and could be an ideal candidate for worldwide
prevention of influenza in the period between onset of a pandemic with a virulent influenza strain and the development
and widespread dissemination of an effective vaccine. We aimed to assess the efficacy of such an intervention.

Methods In this randomised, double-blind, placebo-controlled trial done at a single centre in Singapore, we randomly
assigned (1:1) healthy adults to receive chloroquine phosphate (500 mg/day for 1 week, then once a week to complete
12 weeks) or matching placebo by use of a computer-generated randomisation list. Participants filled an online
symptom diary every week, supplemented by daily diaries and self-administered nasal swabs when unwell.
Haemagglutination-inhibition assays for influenza A (HIN1, H3N2) and B were done on blood samples taken at
baseline and after 12 weeks. The primary outcome was laboratory-confirmed clinical influenza defined by specific
symptoms accompanied by influenza RNA on nasal swabs or a four-fold increase in haemagglutination-inhibition
titres over the 12-week study period. Analysis was by intention to treat. This trial was registered with ClinicalTrials.gov,

number NCT01078779.

Findings From November, 2009, to February, 2010, we recruited 1516 eligible participants. 1496 (96%) returned at
week 12 and were included in the efficacy analysis. Adherence to study intervention was 97%, and 94% of the
scheduled weekly diaries were completed. Eight (1%) of 738 participants had laboratory-confirmed clinical influenza
in the placebo group and 12 (2%) of 724 in the chloroquine group (relative risk 1-53, 95% CI 0-63-3-72; p=0-376).
29 (4%) of 738 had laboratory-confirmed influenza infection (symptomatic or asymptomatic) in the placebo group
and 38 (5%) of 724 in the chloroquine group (1-34, 0-83-2-14; p=0-261). 249 (33%) of 759 participants reported
adverse events (mostly mild) in the placebo group and 341 (45%) of 757 in chloroquine group (p<0-0001). Headache,
dizziness, nausea, diarrhoea, and blurred vision were more common in the chloroquine group, but rarely resulted in
treatment discontinuation. One serious adverse event (hepatitis) was possibly related to chloroquine.

Interpretation Although generally well tolerated by a healthy community population, chloroquine does not prevent
infection with influenza. Alternative drugs are needed for large-scale prevention of influenza.

Funding National Medical Research Council, Singapore.

Introduction

The rapid spread and magnitude of the 2009 HIN1
influenza pandemic shows clearly that the current
armamentarium available for prevention of global
influenza transmission is insufficient. Vaccine
production often takes more than 6 months from
identification of a new strain to widespread dissemination
to the public, by which time the initial wave of a
pandemic is likely to have passed.! Neuraminidase
inhibitors are effective in pre-exposure prophylaxis of
influenza,? but such use of these drugs on a large-scale,
long-term basis is not feasible for many reasons,
including insufficient manufacturing capacity, enormous
cost, and risk of promoting resistance that would impair
their efficacy in the treatment of influenza. Even with
adequate supply of vaccines and drugs, many additional
challenges to prevention of pandemic influenza
transmission in developing countries exist—especially
limitations of health-care infrastructure and human
resources.” A simple, well tolerated, internationally
accessible, and economical pharmacological intervention
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for the prevention of influenza could avert millions of
deaths during the period between onset of a virulent
influenza pandemic and the development and worldwide
dissemination of an effective vaccine.

Chloroquine, an antimalarial drug that has been in
widespread clinical use for more than 50 years, has broad-
spectrum antiviral activity because it increases endosomal
pH, which disrupts pH-dependent structural changes in
viral-synthesised proteins. Chloroquine has in-vitro
activity against both HIN1 and H3N2 influenza strains at
concentrations that are achievable in vivo at the doses of
chloroquine used for malaria prophylaxis and treatment
of connective-tissue diseases.** Although chloroquine did
not prevent influenza infection or diminish the weight
loss in mice infected with a mouse-adapted HIN1 strain,
it did show some effectiveness in limiting viral replication
in ferrets infected with an adapted H3N2 strain.’” It might
be an ideal drug for worldwide pre-exposure prevention
of influenza. Chloroquine can be taken once a week, is
well tolerated and safe (including use in pregnant women
and children), is available in sufficient quantities
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worldwide for an immediate roll-out programme if
effectiveness were to be established, is cost effective for
use in resource-poor countries, and has a putative
mechanism of action that is unlikely to be compromised
by antiviral resistance. Several expert reviews have called
for an assessment of generic drugs, such as chloroquine,
for prevention of influenza.*

No trials of chloroquine for the prevention of influenza
have been done in man, but in view of its antiviral
properties and overall suitability as a prophylactic drug,
we postulated that it might be of value. Furthermore, the
drug also has anti-inflammatory and immunomodulatory
actions that might be beneficial for prevention of
progression to severe disease, since the pathogenesis of
severe influenza is driven by an inflammatory immune
response to the infection.*”* We aimed to assess whether
chloroquine, taken once a week by healthy individuals in
the community during a pandemic, would protect against
infection with influenza or decrease the severity of
influenza symptoms.

Methods

Study design and participants

The chloroquine for influenza prevention (CHIP) trial
was a randomised, double-blind, placebo-controlled
clinical trial done at a single site (the Investigational
Medicine Unit, National University Health System,
Singapore). Participants were recruited between
November, 2009, and February, 2010, through a study
website that provided information about the trial and an
opportunity to register for a screening visit. The website
address was advertised around the university campus
and hospital and widely in the national media. Follow-up
was completed in May, 2010.

Eligible participants were male or female healthy
volunteers aged 18-65 years. Exclusion criteria were a
history of psoriasis, porphyria cutanea tarda, epilepsy,
myasthenia gravis, myopathy of any cause, cardiac
arrhythmias, retinal disease, serious hepatic or renal
disease, known glucose-6-phosphate dehydrogenase
deficiency, current use of medication with known serious
hepatotoxic effects or known interaction with chloroquine,
severe depression, influenza vaccination within the past
3 months, acute clinical influenza at screening, and
pregnancy or breastfeeding.

The trial protocol was approved by the ethics committee
of the National Healthcare Group and all participants
provided written informed consent.

Randomisation and masking

The trial statistician prepared a computer-generated
randomisation list with a 1:1 ratio and a prepared block
size of ten. A pharmacist, independent of the trial team,
placed labels with four-digit study identifiers on bottles of
placebo and chloroquine according to the randomisation
list. Randomisation was done by computer after baseline
data had been gathered. Participants were individually

randomised (ie, any household association with other
participants was ignored). All trial investigators, clinical
and laboratory staff, and participants were masked to the
treatment allocation. A procedure for emergency
unblinding of individual participants was established,
although no unblinding was necessary during the trial.

Procedures

Demographic characteristics and a clinical history were
recorded at baseline, and height, weight, and vital signs
were measured. Blood was drawn for storage of serum.
Both study groups received identical capsules containing
either chloroquine phosphate 250 mg (equivalent to
150 mgbase) or lactose placebo (Beacons Pharmaceuticals,
Singapore). Participants were instructed to take two
capsules once a day with food for the first 7 days of the
trial, starting on the day after randomisation. After this
induction period, they took two capsules once a week, on
a designated day of the week to complete a total course of
12 weeks. Participants were telephoned at the end of the
first week to check adherence to the study intervention,
and to record any side-effects.

Medical management of participants with influenza or
other illnesses was provided through the usual
community channels, and health-care providers were
asked to complete forms with details of diagnosis and
any diagnostic tests done to identify influenza at each
clinic visit. If the participant decided to receive an
influenza vaccination during follow-up they were asked
to return to the trial site to have an additional blood draw
before having the vaccination.

During follow-up, participants completed weekly and
daily diaries on a secure, password-protected trial website.
Weekly diaries were completed on the day that was
designated for taking study treatment, and included
information about symptoms, visits to health-care
workers, and adherence to the study intervention.
Participants received reminder messages each week via
email and mobile phone text message. They completed a
daily diary if they developed any influenza-like symptoms,
and continued this diary until the symptoms resolved.
This diary consisted of a checklist of symptoms, which
participants graded as none, mild, or moderate to severe,
and a report of other symptoms, body temperature (a
standard digital thermometer was provided), and absence
from work or school caused by sickness.

Participants were given a pack containing two nasal
swabs and an RNA-stabilising compound (PrimeStore,
Longhorn Vaccines and Diagnostics, San Antonio, USA)
and were instructed to take a swab from each nostril on
the second day of any illness associated with fever, runny
nose, or cough. After use, swabs were sealed and kept in
the refrigerator until they were returned at the week 12
visit. Participants called the trial hotline after they had
used the swabs, and a replacement pack was sent by post
within 1week for use during any subsequent symptomatic
episode. Pretrial testing showed that influenza RNA did
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not degrade in PrimeStore media after 30 days, even
when maintained at 37°C.

The second trial visit was at 12 weeks (window 3 days
before to 21 days after) from the baseline visit. Adherence
to study intervention was assessed by self-report of
missed doses and by pill count. We obtained a participant
history of influenza vaccination, influenza-like illness,
rash or itch, and any other clinical events occurring since
the baseline visit. Adverse events were graded with
standard toxicity criteria,” and a blood sample was
drawn.

We tested all paired serum samples with
haemagglutination-inhibition assays to detect infection
with influenza HIN1, H3N2, or influenza B with standard
laboratory methods.” We did these assays with influenza
viruses isolated from local patients presenting with acute
febrile illness to primary health-care clinics in 2009.
Infection was defined as at least a four-fold increase in
antibody titre from baseline to week 12. We retested
specimens with a borderline increase, which did not meet
diagnostic criteria, by use of a microneutralisation assay
with a previously described method.” Nasal swabs were
tested by RT-PCR for influenza virus with a method that
targets the M gene of the virus;* additional testing was
done with primers specific to the pandemic HIN1 strain.”

The primary endpoint was laboratory-confirmed
clinical influenza, defined as the combination of
symptoms of clinical influenza and laboratory-confirmed
influenza infection—a standard definition used in
influenza prevention trials.®” We defined clinical
influenza as a reported temperature of at least 37-2°C,
with at least one respiratory symptom (sneezing, runny
nose, blocked nose, sore throat, dry cough, coughing up
phlegm, wheezing, shortness of breath) and at least one
constitutional symptom (feeling feverish, muscle aches,
fatigue, headache, diarrhoea) occurring on the same day.
Laboratory-confirmed influenza infection was defined as
one of the following test results: (1) PCR confirmation of
influenza on a nasal swab taken by the participant;
(2) PCR confirmation or culture for influenza obtained
from a nasopharyngeal swab taken by a health-care
practitioner in the community; (3) serological
confirmation by at least a four-fold increase in antibody
titre on haemagglutination-inhibition or micro-
neutralisation assay for HIN1, H3N2, or influenza B
infection from baseline to week 12. For participants who
had HIN1 influenza vaccination during follow-up, the
change in HINT titre at week 12 was disregarded, but the
change in HIN1 titre at a prevaccination follow-up blood
sampling was included in the analysis if available. We
used a similar approach for participants who received
seasonal influenza vaccination during the study.

The main secondary endpoint was laboratory-
confirmed influenza infection, whether symptomatic or
asymptomatic (ie, without the requirement for clinical
influenza symptoms). In those with laboratory-
confirmed influenza infection, we also assessed
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1613 screened for eligibility

97 ineligible

45 others

14 recent vaccination
—» 20 hepatotoxic or other contraindicated drugs
18 contraindicated medical disorders

| 1516 random‘ised |

v

| 759 assigned to placebo | | 757 assigned to chloroquine

v

21did not complete study
3 withdrew consent
11 were lost to follow-up
7 returned after the week-12
visit window

33 did not complete study
7 withdrew consent
13 were lost to follow-up
13 returned after the week-12
visit window

v

759 included in intention-to-treat analysis
738 participants analysed for efficacy

endpoints endpoints
759 participants analysed for safety
endpoints endpoints

757 included in intention-to-treat analysis
724 participants analysed for efficacy

757 participants analysed for safety

Figure: Trial profile

outcomes associated with severity of illness: symptomatic
clinical influenza; severe symptomatic clinical influenza
(but with a temperature =37-8°C and at least five
moderate to severe clinical influenza symptoms
occurring on the same day); maximum number of
symptoms of clinical influenza that were graded as
moderate to severe at the peak-illness day; presence of
individual constitutional symptoms (feeling feverish,
muscle aches, fatigue, headache, diarrhoea) that were
graded as moderate to severe; and the number of days
off school or work due to clinical influenza.

Statistical analysis

We estimated that the rate of laboratory-confirmed clinical
influenza would be at least 10% over the 12-week study
period, consisting of 5% incidence of seasonal influenza
(based on Singapore national data®™ and data from an
influenza-prevention trial in the USA),” and a 5%
incidence of HIN1 pandemic influenza infection, which
was considered to be a conservative estimate in view of
the much higher transmissibility of the HIN1 strain than
that of seasonal influenza.” We reasoned that a 50%
reduction in clinical cases would justify widespread
clinical use of chloroquine and would be a realistic effect
size in view of the 74% reduction seen with pre-exposure
prophylaxis with oseltamivir.' We calculated that a sample
size of 1500 participants (750 per group) would give a
power of 90% to detect a 50% reduction in incidence of
the primary endpoint at the 5% significance level (adjusted
for 10% loss to follow-up and for household correlation,
assuming at most two participants per household and an
intraclass correlation coefficient of 0-1).
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Primary efficacy analyses were done on an intention-to-
treat basis, including all eligible participants who were
randomised and who returned for a week-12 visit within
the specified window period. A supplementary analysis
was done on a per-protocol dataset that was based on the
intention-to-treat population, but excluded participants

Placebo (n=759) Chloroquine (n=757)
Male sex 486 (64%) 472 (62%)
Age (years) 23.5(22:1-31-6) 236 (22-1-320)
Age group
18-24 478 (63%) 475 (63%)
25-34 122 (16%) 6 (17%)
35-44 88 (12%) 71(9%)
45-54 53 (7%) 63 (8%)
55-64 18 (2%) 22 (3%)
Ethnic origin
Chinese 618 (81%) 604 (80%)
Indian 56 (7%) 55 (7%)
Malay 39 (5%) 53 (7%)
Other 46 (6%) 45 (6%)
Place of work or study
Child-care facility or primary school 3 (<1%) 4 (<1%)
Secondary school, college, or university 481 (63%) 474 (63%)
Health-care facility 52 (7%) 49 (6%)
Other 223 (29%) 230 (30%)
Smoker 76 (10%) 62 (8%)
Body-mass index (kg/m?) 22:3(20-2-24-9) 22:4(20-4-24-8)
Data are number of participants (%) or median (IQR).
Table 1: Baseline characteristics
Placebo Chloroquine  Relative risk p value
(n=738) (n=724) (95% C1)
Primary endpoint
Laboratory-confirmed clinical influenza 8 (1%) 12 (2%) 1.53(0-63-3.72)  0-376
Main secondary endpoint
Laboratory-confirmed influenza infection 29 (4%) 38 (5%) 134 (0-83-214)  0-261
Other secondary endpoint
Clinical influenza 63 (9%) 57 (8%) 0-92 (0-65-1-30) 0703
Data are number of participants (%) or relative risk (95% Cl).
Table 2: Efficacy analysis.
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who delayed starting the study intervention for more
than 7 days after randomisation, or who took less than
50% of the loading dose or less than 25% of the
maintenance dose. Safety analysis included all eligible
randomised participants. Analysis of indicators of
severity of illness was done on the subset of those with
laboratory-confirmed influenza infection.

We calculated relative risks with 95% Cls and two-sided
p values using the exact method.” Analyses were done on
the basis of individual participants (as randomised),
without taking into account the effects of clustering. The
number of symptoms graded as moderate to severe and
the number of days off school or work due to clinical
influenza were compared between the two groups by
Wilcoxon rank-sum tests. This trial was registered with
ClinicalTrials.gov, number NCT01078779.

Role of the funding source

The sponsor of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data and had final responsibility for the
decision to submit for publication.

Results

Of 1516 eligible participants enrolled and randomly
assigned to study treatment, 1462 (96%) returned for the
week-12 visit (figure). Table 1 shows demographic and
clinical characteristics for the two study groups.
Adherence to study intervention was high (97% doses
taken) and only 31 participants reported discontinuation
(ten in the placebo group, 21 in the chloroquine group;
p=0-048). 31 (2%) participants received influenza
vaccination during the trial follow-up (16 in the placebo
group and 15 in the chloroquine group; 23 received
HIN1 vaccinations, five seasonal, and three both).

A total of 17 521 weekly diaries (94% of those scheduled)
and 4037 elective daily symptom diaries were completed.
120 (8%) participants reported one or more episodes of
symptoms that met the definition of clinical influenza.
There were 60 laboratory-confirmed influenza infections
detected by haemagglutination-inhibition testing. Nasal
swabs were taken in 43% of symptomatic episodes. A
total of 210 nasal swabs were obtained, from which
13 cases of influenza were detected (six were confirmed

Placebo Chloroquine  Relative risk p value
(n=29) (n=38) (95% Cl)
Clinical influenza 8 (28%) 12 (32%) 1-14 (0-54-2-43) 0-792
Severe clinical influenza 1(3%) 1(3%) 0-76 (0-05-11-69)  0-999
Asymptomatic influenza infection 15 (48%) 18 (47%) 0-98 (0-59-1-62) 0-999
Number of days off school, college, or work due to clinical influenza 0(0-2)* 0(0-2)t - 0-486
Number of moderate to severe symptoms at the peak day of clinical-influenza symptoms 0 (0-7)% 0(0-6)§ 0-952
Data are number of participants (%), relative risk (95% Cl), or median (range). *n=23.tn=33. $n=26. Sn=37.
Table 3: Analysis of clinical disease severity in participants with laboratory-confirmed influenza infection
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Placebo  Chloroquine p value
(n=759)  (n=757)
One or more adverse events 249 (33%) 341 (45%) <0-0001
Adverse events with frequency 5% in any group
Headache 55(7%) 119 (16%) <0-0001
Dizziness 12 (2%) 72 (10%) <0-0001
Sore throat 69 (9%) 68 (9%) 0-999
Nausea 8 (1%) 59 (8%) <0-0001
Cough 58 (8%) 52 (7%) 0-621
Diarrhoea 26 (3%) 42 (6%) 0-048
Running nose 30 (4%) 38 (5%) 0-324
Other adverse events
Itching 16 2%) 28 (4%) 0-068
Blurred vision 2 (<1%)  23(3%) <0-0001
Adverse events leading to 7 (1%) 13 (2%) 0-186
treatment discontinuation
One or more serious adverse events 5(1%) 3 (<1%) 0-726
Data are number of participants (%).
Table 4: Adverse events

by serology, seven by PCR alone; 11 were HIN1). No
additional laboratory-confirmed infections were
identified by microneutralisation tests or by tests done
in the community. Of 67 laboratory-confirmed infections,
51 were identified as HIN1 infection alone, six as H3N2
infection alone, eight as influenza B infection alone, and
two were mixed. By combination of clinical and
laboratory diagnostic criteria, 20 (1%) participants met
the primary-endpoint definition of laboratory-confirmed
clinical influenza.

The primary endpoint of laboratory-confirmed clinical
influenza and secondary endpoint of laboratory-
confirmed influenza infection, whether symptomatic or
asymptomatic, did not differ between groups (table 2).
We did not identify a significant difference between the
two treatment groups for the number of clinic visits or
admissions to hospital (data not shown). Results were
similar when the analysis was repeated, taking into
account the effects of clustering, and when repeated
with the 1431 participants in the per-protocol dataset
(data not shown).

We recorded no significant difference between the
groups in clinical severity of influenza (various
definitions) in the 67 participants who had laboratory-
confirmed influenza infection (table 3).

More participants in the chloroquine group reported
adverse events than in the placebo group (table 4),
although these events were judged as mild (or grade 1) in
almost all cases. Headache, dizziness, nausea, and
diarrhoea were more common in the chloroquine group,
but rarely resulted in treatment discontinuation (table 4).

Eight serious adverse events were reported, five in the
placebo group (haematemesis, renal stone, acute
appendicitis, ankle fracture, prolapsed intervertebral
disc) and three in the chloroquine group (maxillary cyst,
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hepatitis, endometrial carcinoma). The only event in the
chloroquine group judged to be possibly related to the
study drug was symptomatic hepatitis starting about
5 weeks after initiation of chloroquine and 10 days after
the participant returned from a holiday on a nearby
tropical island. Concentrations of hepatic transaminases
were raised to more than ten times the upper limit of
normal at presentation, and returned to normal 1 month
after discontinuation of the study intervention. The
hospital discharge diagnosis was viral hepatitis, but
standard viral serology tests were negative.

Discussion

We did not find evidence that chloroquine, when given in
a malaria prophylaxis dose, had protective efficacy against
laboratory-confirmed clinical influenza or laboratory-
confirmed influenza infection (symptomatic or
asymptomatic) in this adult population (panel).

We designed this trial to detect a level of protective
efficacy of chloroquine of at least 50%, which is the
minimum level of protection that we thought would be
necessary to show for chloroquine to be accepted as a
worthwhile global intervention for prevention of
influenza transmission during a pandemic. Lower levels
of protection might be of academic interest, but would be
unlikely to lead to widespread acceptance as a public health
intervention in a pandemic situation because of the
probable diminished effectiveness of the intervention in a
real-life setting (as opposed to a clinical trial), the possibility
of individual risk compensation (ie, decreased compliance
with other prevention measures because of perceived high-
level protection from pharmacological prophylaxis), and
the possibility of competition for scarce health-care-
infrastructure resources, which might impede the roll-out
of other influenza risk-reducing strategies.

Although continuing local transmission of pandemic
H1N1 strain influenza in Singapore (along with increasing
H3N2 and B strain transmission) during follow-up was
substantial, it did not yield the number of clinical influenza
infections that we had anticipated—partly because the
transmission had declined after the peak of the pandemic
and because many of the infections that occurred were
asymptomatic. As a result, estimates of protective efficacy

Panel: Research in context

Systematic review

We searched PubMed from inception to March 7, 2011, with the terms “chloroquine” OR
“hydroxychloroquine” AND “influenza” AND “prevention” OR “treatment”; no langauge

restrictions were used. We identified no previous clinical trials of chloroquine in the

prevention or treatment of influenza.

Interpretation

We showed that chloroquine taken once weekly does not have protective efficacy against
influenza infection, and does not appear to diminish the symptoms of established
infection. An effective drug is needed that can be used internationally on a large scale for

the prevention of influenza.
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of chloroquine that we obtained were imprecise.
Nevertheless, even with the most optimistic estimates
from the 95% CI, we showed that chloroquine has no more
than 37% protective efficacy against laboratory-confirmed
clinical influenza and no more than 17% protective efficacy
against the more precise measure of laboratory-confirmed
infection (symptomatic or asymptomatic). Thus, according
to our a-priori criterion for efficacy, the results of this study
rule out a useful role of chloroquine as a general
intervention to prevent pandemic influenza transmission.
Furthermore, the point estimate of efficacy that we
obtained suggests that chloroquine might actually increase
the risk of influenza infection, although we believe that
this increased risk is probably a chance finding. However,
in view of the diversity of immunological actions of
chloroquine, it might increase the risk of influenza
infection through some as yet unknown pathway.

Several possible reasons exist as to why the efficacy of
chloroquine against influenza shown in vitro did not
translate to efficacy in vivo.** First, influenza strains vary
in their pH requirements for viral entry and hence
susceptibility to chloroquine, and efficacy of chloroquine
against the HIN1 pandemic strain might have been low
(the predominant strain in circulation during the trial).
However, in-vitro studies have shown efficacy of this
drug against HIN1 infection,’ and our trial provided no
evidence of an effect of chloroquine against non-HIN1
infections either, so this explanation seems unlikely. Our
results are consistent with findings from studies of
dengue infection in which the in-vitro effects of
chloroquine did not translate into in-vivo efficacy,”
although they have done so in other viral infections,
especially HIV infection.??

Second, the possibility of bias should be considered.
Although chloroquine is easily recognised by its bitter
taste, this taste was masked effectively by formulating the
drug in capsules. The use of blinding and the high rates
of completion of symptom diaries and the high proportion
of participants who returned for follow-up visits make
significant bias unlikely to account for the result.
Furthermore, chloroquine was not effective against
laboratory-confirmed influenza infection, an entirely
objective outcome variable.

Third, despite very high levels of adherence to study
intervention, tissue levels of chloroquine might have
been inadequate to protect against influenza viral entry.
The choice of chloroquine dose for this trial was
pragmatic. We took into account the high degree of
convenience and tolerability that would be needed for
chloroquine, if shown to be effective, to gain widespread
acceptance as an influenza pre-exposure prophylaxis
regimen taken for many months by healthy members of
the community, and the safety factors that make it
acceptable to give a dose of chloroquine each week (but
not a sustained high dose given every day) without
undertaking regular laboratory monitoring. In view of
the long half-life of chloroquine, we calculated that the

dose given each week should maintain blood
concentrations achieved in the once-a-day induction
phase® and should be roughly the half maximal inhibitory
concentration (IC50) of the HIN1 and H3N2 strains used
in the in-vitro studies. Furthermore, the drug is highly
concentrated in many tissues with sustained use
including the lungs, and in white cells and macrophages,
and such intracellular concentrations might be more
relevant for activity of the drug against influenza viral
entry.**** At the dose given, headache, dizziness, nausea,
diarrhoea, and blurred vision were significantly more
common in participants taking chloroquine than in those
taking the placebo, although these were mainly transient
during the first week of treatment, and rarely led to
treatment discontinuation. Although a higher dose of
chloroquine could have been sustained for a longer
period, despite these side-effects, this dose would
probably have restricted the acceptability of the
intervention for many people. The case of symptomatic
hepatitis, which was possibly related to chloroquine
(although symptomatic hepatitis is rare with this drug),
reinforces the belief that sustained higher doses would
need systematic laboratory monitoring, which would
seriously limit the generalisability of the intervention.
Thus, although we cannot rule out efficacy at a higher
dose of chloroquine than the one we tested, we believe
that the tolerability and safety findings in this study
confirm that the dose selected was appropriate for an
intervention to prevent influenza that would be
generalisable worldwide.

Chloroquine has anti-inflammatory properties that
might help to stop the virus-induced inflammation that
drives disease pathogenesis after the first few days.**
Treatments directed against the host response to
influenza are notable, because they might have the
potential to decrease the mortality associated with severe
influenza at a stage when antiviral drugs are ineffective.
However, we saw no evidence of a difference in severity
of disease in people who acquired influenza on
chloroquine or placebo that might support this notion.

For short-term treatment of influenza, high doses of
chloroquine given every day could possibly be used, and
in view of the low efficacy of current influenza treatments
this approach might still be worth testing. Furthermore,
absence of evidence of benefit from chloroquine
monotherapy does not preclude the possibility of activity
when used in combination with standard antiviral drugs,
and this might merit further investigation.

We studied healthy volunteers, most of whom were
Chinese. Although our finding that chloroquine does not
have protective efficacy against influenza infection is
probably generalisable to other populations, its effects on
the host immune response to influenza, and hence
disease severity, might be greater in an older population
with more comorbidity, or in different ethnic groups.

An effective, well-tolerated, cheap, and widely available
prophylactic drug is needed that can be used as a part of
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an international public health response to influenza.
Identification of this compound needs to be done with
some urgency before a pandemic occurs (or recurs) with
a virulent strain of influenza virus.
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