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Surgeon General Task Force Report on Mefloquine

CHAPTER 1 Introduction to the Report

1.1 Background

Malaria is a potentially life-threatening parasitic disease that occurs in many tropical and sub-tropical
areas of the world. It presents a risk to Canadian Armed Forces (CAF) personnel who travel to endemic
areas, whether for operational or leisure travel. Prevention of malaria relies on multiple tactics, including
avoiding the bites of its mosquito vectors, and using malaria medication (called malaria chemoprophylaxis
(MCP)) to eliminate parasites that are inoculated through bites.

The CAF approach to malaria prevention, including use of MCP, is consistent with the Canadian clinical
practice guidelines (CPG) on malaria prevention and treatment (reference 1.1). In most areas where the
most dangerous form of malaria occurs (Plasmodium falciparum), the Canadian CPG and the CAF
recommend that travelers use one of three options for MCP: mefloquine, atovaquone-proguanil (AP)
(brand name Malarone®), or doxycycline. Within the CAF and with respect to these options, the current
policy is that the individual member, after suitable discussion with their health care provider, can choose
his/her preferred agent from among those that are deemed medically suitable.

The continued use of mefloquine as a MCP option in the CAF has recently received significant scrutiny.
This has included inquiries from the Standing Committee on Veteran Affairs (reference 1.2), media
commentary and concerns raised by veterans. Similar criticisms have been raised in other jurisdictions,
e.g., the United States, the United Kingdom and Australia. Although the specifics have varied between
jurisdictions, the core concern has centered on the suitability of mefloquine as a MCP agent for military
personnel. This usually has been expressed in the sense of military personnel being a unique population
with specific risk factors that might predispose them to adverse effects potentially associated with
mefloquine, e.g., neuropsychiatric harms (reference 1.1).

Some of the recent-focus on mefloquine in Canada may potentially be associated with the August,

2016 change in the product monograph (reference 1.3) to include a “Serious Warnings and Precautions”
box. This box is placed near to the beginning of the monograph and highlights contraindications and
potential neuropsychiatric adverse reactions that may occur with use. These include:

- “Mefloquine should not be prescribed for prophylaxis in patients with major psychiatric
disorders”;

- “Mefloquine may cause neuropsychiatric adverse reactions than can persist after mefloquine
has been discontinued”; and,

- “During prophylactic use, if psychiatric or neurologic symptoms occur, mefloquine should be
discontinued and an alternative medication should be substituted”.

These warnings were included in previous versions of the product monograph. However, Health Canada
has changed the way it produces monographs. It now includes a boxed warning to make
information on serious warnings and precautions more prominent. The decision to include a boxed warning
is based on the potential for clinically significant or life-threatening adverse events in association with the
drug. Hence, many products (including mefloquine) now carry box warnings.
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1.2 Purpose of the Report

Given the concerns that have been raised about mefloquine, the Canadian Armed Forces Chief of Defence
Staff (CDS) instructed the Surgeon General (SG) to critically analyze the body of knowledge regarding
mefloquine, and to undertake a review of the CAF experience with the medication. This report is the SG
response to this tasking.

1.3 Structure of the Report
The report is divided into several chapters, each of which addresses one to several key questions:

¢ What has been the CAF experience with mefloquine? (chapter 2)

e Is the CAF following recommended practices for prescribing mefloquine, e.g., does the process
include an individual level encounter with a clinician? (chapter 3)

e Are the Canadian practice guidelines for malaria prevention (and by extension the CAF approach)
consistent with the approaches employed by other national and international jurisdictions?
(chapter 4)

e Compared to alternatives, are military personnel using mefloquine at relatively increased risk for
potentially associated adverse effects? (chapter 5)

e Compared to alternatives, does mefloquine result in reduced ability to execute occupational
duties? (chapter 5)

e Is there evidence of adverse long term effects potentially associated with use of mefloquine in
military personnel? (chapter 5)

The final chapter of the report, chapter 6, summarizes findings and makes recommendations.
1.4 Development of the Report

This report was developed by the Surgeon General’s Task Force (TF) on Mefloquine. The TF was comprised
of personnel from the CAF and civilians from the Department of National Defence (DND). All members
have been involved in developing CAF policy related to malaria prevention, including recommendations
for MCP. As well, a single member of the TF also serves as a departmental representative on the
committee responsible for, among other things, developing the Canadian CPG on malaria prevention.

Each research chapter (chapters 2-5) outlines its own methods. Where possible, emphasis is placed on
developing objective evidence-based analyses. In some circumstances, stringent criteria were applied
(e.g., chapter 5) so as to only include the most relevant and highest quality data. Throughout the report,
we place an emphasis on transparency to allow the reader to understand why analytic decisions were
made and conclusions reached.

References

1.1 Committee to Advise on Tropical Medicine and Travel. 2014. Canadian Recommendations for
the Prevention and Treatment of Malaria.

1.2 Standing Committee on Veterans Affairs. Mental Health and Suicide Prevention Among
Veterans. 42nd Parliament, 1st Session.
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CHAPTER 2 Tthe Mefloquine Experience

Key question(s)
What has been the CAF experience with mefloquine?
Summary

e The CAF policy on malaria prevention including its approach to use of MCP is consistent with the
Canadian CPG on malaria prevention.

e As described in the Canadian CPG, mefloquine continues to be a useful MICP agent. In some cases
it is the preferred MICP option, for example because it is specifically recommended for certain
populations (e.g., first trimester of pregnancy), other agents are contraindicated, or individuals
prefer the drug.

e Qver the last 15 years, prescription patterns for MCP have changed dramatically. In the early
2000’s, most prescriptions were for mefloquine. However, starting in 2004 (coinciding with the
availability AP), this pattern changed with relative rates of use of mefloquine decreasing and
relative more people receiving prescriptions for AP.

Conclusion(s)

The CAF has used mefloquine as an antimalarial for more than twenty years. It remains an option, along
with doxycycline and AP in areas where the most dangerous form of malaria (Plasmodium falciparum)
occurs. In the past 15 years, the pattern of MCP use in the CAF has changed, with mefloquine now
accounting for a small minority of prescriptions.

2.1 Introduction

From 1991 to July 1992, ninety-six National Defence officials travelling to Cambodia and Africa were given
mefloquine under the provisions of the Lariam Safety Monitoring Study (SMS), an “open label,
compassionate access” clinical trial held under the sponsorship of the drug’s manufacturer (reference 2.1).
Several months later, in the fall and winter of 1992-1993, CAF members deployed to Somalia. The Advance
Party arrived in theatre (along with the Medical Officer) on 13 December 1992, with the main body
deploying 1 Jan 1993. Based on an estimated potential malaria attack rate of 2-3% per month, it was
calculated that there could be 18-27 cases of malaria per month if personnel were deployed without
protection. This would potentially result in 1-3 malaria-associated deaths during the six month long
deployment. Since the region was known as an area of chloroquine resistance, mefloquine was
recommended as the malaria chemoprophylactic of choice. While most of the 1400 CAF personnel (land,
sea and air) would go on to be prescribed mefloquine, some would use doxycycline as an alternative due
to contraindications or intolerance.

The CAF members deploying to Somalia did not participate in the SMS study, since the guidelines of the

study were not compatible with the operational requirement to deploy to Somalia (reference 2.2). Within
weeks of the start of the Somalia deployment, the medication was licenced for use in Canada, receiving

4/66



Surgeon General Task Force Report on Mefloquine

notice of compliance on 22 January 1993, chronologically following the footsteps of many countries that
had already approved the medication, and agencies that had already recommended its use (including the
World Health Organization and Centers for Disease Control). So began the CAF experience with
mefloquine.

2.2 A brief history of the challenge to prevent malaria

While the cause of “marsh fever”, later called malaria after the Italian term for “bad air” (mal’aria), was
shrouded in mystery for thousands of years, it did not stop attempts to treat sufferers of the disease
(reference 2.3). After all, malaria was, and is, the most important parasitic disease in the world. It is a
potentially deadly illness that is spread by the bite of certain mosquitoes. Throughout history, it has
stopped armies in their tracks, and shifted the political will of empires as key leaders succumbed to the
fever. Even today, more than one-half of the world’s population remains at risk of contracting malaria,
and nearly 500,000 deaths worldwide are attributed to malaria infections (reference 2.4).

The search for the cure for malaria has been a long road. Although the parasite that causes malaria was
not identified until 1880, for nearly two millennia, Chinese healers boiled the leaves of a fern-like weed to
make a tea to cure conditions like marsh fever and other ailments. The active ingredient was extracted
from the herb and developed in the 1970s as an antimalarial medication now known as artemisinin. In
South America, Jesuit missionaries living in Peru in the 1600s used boiled and crushed bark from the
cinchona tree for treatment. In 1820, quinine was extracted from the bark, and the purified chemical then
replaced the bark as the standard treatment for malaria (reference 2.5).

Quinine remained the mainstay of malaria treatment until the 1920s, when more effective synthetic anti-
malarials, including pamaquine and mepacrine, became available. In 1945, following research by German
scientists to discover a substitute for quinine seven years earlier, the most important of these new drugs,
chloroquine, was synthesized by US scientists. After the war, chloroquine and the ill-fated DDT emerged
as the two principal weapons in WHQO's global eradication malaria campaign. Unfortunately, resistance to
chloroquine began to be reported in 1959, and with rising numbers of malaria cases and deaths during
the US-led war in Vietnam, a push to discover new antimalarial medications began.

In 1963, the newly created US Army Antimalarial Drug Development Program was invested with the task
of developing drugs for the prevention or treatment of malaria, specifically the chloroquine-resistant
strains of P. falciparum (reference 2.6). The program was designed as an inclusive research platform,
screening available chemicals from a variety of sources, as well as synthesizing new compounds following
successful leads.

The program looked at more than 200 000 compounds over a 10-year period, but few compounds made
it past the rigorous screening procedures. Tolerance and efficacy in a variety of primary and secondary
animal test systems were major hurdles to clear, long before clinical testing was done. By 1974, only 26
compounds or combinations were selected for clinical trials, representing 14 broad classes of compounds.
Many hundreds more showed varying degrees of activity in one or more test systems, but only the most
active within each class of drugs were selected. Some belonged to families of compounds already known
as antimalarials. Within this group of 26 was the compound labelled as WR 142 490, which would
eventually be called mefloquine, an abbreviation of its chemical name a-(2- piperidyl)-2,8-
bis(trifluoromethyl)-4-quinolinemethanol hydrochloride. This drug was effective both as a treatment and,
when taken as a weekly dose, as a prevention against malaria.
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2.3 Use of antimalarials within the CAF

Malaria is a potentially life-threatening parasitic disease to which CAF personnel can be exposed in the
performance of their duties during deployment or travel in the regions of the world where malaria is
present. The use of medication to prevent malaria is a critical component of the protection provided to
CAF members, along with insect bite avoidance through use of DEET-containing topical repellents, bed
nets, and in some circumstances uniforms with permethrin applied to the fabric.

The CAF uses all malaria chemoprophylaxis (MCP) agents in accordance with the Canadian malaria clinical
practice guidelines developed by the Committee to Advise on Tropical and Travel Medicine (CATMAT).
Before an individual is prescribed MCP, they are screened by a health care provider for, among other
things, contraindications to the recommended options for MCP, as outlined in the current product
monograph. If contraindications, or other concerns, are identified for a given agent, the individual is
recommended to take one of the alternatives.

Large deployments present their own unique challenges. Authorized prescribers of MCP include Medical
Officers, Nurse Practitioners, Physician Assistants, and more recently pharmacists. To address the
challenges of large deployments, “Collective Prescriptions” for MCP have been used. This process refers
to a delegation from a physician to specific pharmacist(s) authorizing the pharmacist(s) to dispense MCP
for a group of individuals in accordance with D FHP (Directorate of Force Health Protection) operational
guidance. Patient screening tools, questionnaires and checklists, are used to identify patients that require
referral to a physician.

For deployments or travel to chloroquine-resistant regions, there are three options currently
recommended as first-line agents: mefloquine, atovaquone-proguanil (AP), and doxycycline. Members
have the option to choose — after discussion with their health care provider — from among the agents that
are deemed medically suitable for their use. Even for chloroquine sensitive areas, there is a choice (e.g.,
any of chloroquine, AP, doxycycline or mefloquine could be chosen for Haiti).

All recommended primary MCP regimens involve taking a medicine before, during and after deployment
to an area with malaria. Beginning the drug before travel allows the MCP agent to be in the blood before
the deployed personnel is exposed to malaria parasites. It also has the additional benefit of ascertaining
if there will be any adverse reaction to the medication prior to deployment, as adverse reactions typically
occur within the first few doses.

Mefloquine is typically started 3 weeks before entering a malaria endemic area, following an oral dosing
schedule of 250 mg once weekly (for adults). Doxycycline and AP are both once daily medications to be
started 3 days prior to entering a malaria endemic area. The adult oral dose for doxycycline is 100 mg, and
the adult oral dose for AP is 250/100 mg (combined as a single tablet). The following table summarizes
the current CAF policy on MCP timings (Table 2.1; reference 2.7).
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Table 2.1: D FHP Standard #CDCP/2011/27 excerpt “MCP timings” (Ref. 2.7)

Prophylactic Regimes Against Malaria

Medication Frequency | Before entering area | After leaving area
In Chloroquine Resistant Areas
Mefloquine weekly 3 weeks 4 weeks

(Not in chloroquine/mefloquine resistant
areas)

Doxycycline daily 3 days 4 weeks
Atovaquone-proguanil daily 3 days 7 days
Additional Option in Chloroquine Sensitive areas

Chloroquine | weekly ‘ 3 weeks ‘ 4 weeks

Mefloquine is highly effective at preventing malaria infection. As one of the few choices of antimalarial
chemoprophylaxis agents, the dosing regimen of the drug, as well as use in specific populations, may be
seen as advantageous over the others. The once per week dosing schedule both has the capacity to
improve compliance and to provide better protection —in a sense, more forgiving of late or “missed” doses
— than the daily dosed medications. It can also be used in pediatric patients and in all trimesters of
pregnancy.

Prior to 2002, mefloquine was the preferred medication for malaria chemoprophylaxis in CAF in many
scenarios where chloroquine-resistance occurred, and from its initial use in 1992 through to 2002, it has
been used in a number of deployments, including:

e Op DELIVERANCE (Somalia)

e Op MARQUIS/Cambodia Mine Action Centre (Cambodia)
e Op CONSONANCE (Mozambique)

e Op PANDA (Papau New Guinea)

e Op PRUDENCE (Central African Republic)

e Op TANGO (Western Sahara)

e Op LANCE/Op PASSAGE (Rwanda)

e Op PASTEL (Angola)

e Op PRESERVE (Ethiopia)

e Op ADDITION/Op ECLIPSE (Ethiopia/Eritrea)

e Op SCULPTURE/Op REPTILE (Sierra Leone)

e Op ASSURANCE/Op CROCODILE (Democratic Republic of the Congo/Zaire)
e Op TOUCAN (East Timor)

e Op APOLLO (Afghanistan)

In 2004, recommendations from DFHP gave preference to either mefloquine or doxycycline for exposures
(in personnel deployed to malaria endemic areas) of greater than four weeks, and to AP or doxycycline for
exposures of less than 28 days®. Since 2008, these recommended preferences were removed and, when
malaria chemoprophylaxis is required, an informed choice from among all possible options is allowed.
Throughout the entire CAF experience with mefloquine, there have been approximately 18,000 personnel

1Experience with the daily dosed AP was limited to shorter durations, and it requires a shorter run-in period. The weekly dosed mefloquine was
successfully being used for longer deployments, and requires a longer run-in period.
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prescribed mefloquine (since Somalia and up to the most recent data of 2016). Of note, mefloquine has
never been approved for use by aircrew?.

In choosing MCP, there are a number of factors that must be considered, both intrinsic to the mission and
intrinsic to the individual. To that end, before final health protection recommendations are made, a
thorough analysis of the malaria transmission in the deployed region is completed. This capability has
grown since the creation of the Directorate of Force Health Protection within the Canadian Forces Health
Services Group Headquarters following the Rx2000 initiative (reference 2.8).

Choice of MCP can now be influenced by the detailed risk assessments of the locations and possible
activities of CAF personnel, an improvement in force health protection approach that has grown since
2003. For example, in Kabul during 2005 and Kandahar Airfield during 2006, it was recommended that no
MCP was required at these locations. However, if personnel traveled and remained overnight outside of
Kabul or outside Kandahar Airfield, then AP or doxycycline was recommended for these short duration
excursions.

Looking over the entire experience with MCP use in the CAF, the recommendations and choice offered to
personnel is reflected somewhat in the trends of medication usage for malaria chemoprophylaxis (over
the past fourteen years) (Table 2.2). In 2003, almost 89% of CAF personnel who required MCP were
prescribed mefloquine, with both AP and doxycycline distant alternatives. From 2004 through 2009, the
proportion taking mefloquine ranged between 37% and 56%, at times equally used along with AP; in 2010,
the proportion fell to 28.5%, in 2011 to 20.4%, and in 2012 only 5.6% of individuals who required MCP
were prescribed mefloquine. For the most recent time period, only 20 prescriptions (or 1.7% of total
malaria chemoprophylaxis prescriptions) were written in 2016.

2The RCAF has not carried out primary research on mefloquine, nor has it systematically analysed evidence related to mefloquine. Rather, non-
use of mefloquine is based on acceptance of generally accepted positions articulated by non-CAF aviation medicine authorities.
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Table 2.2: Proportion (%) of prescriptions from 2003 to 2016
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2.4 Past CAF responses to mefloquine-based concerns

Following the events that occurred in Somalia in 1993, the CAF (specifically the Surgeon General and the
directorates responsible for force health protection) responded to inquiries about the adverse effect
profile of mefloquine. Starting in 1994, various questions were fielded from the House of Commons and
the Senate. Expert responses were provided both from within the CAF as well as from Canadian leaders in
Tropical Medicine. The lines of inquiry continued up to and became part of the Somalia Inquiry Report in
1997, the release of the Report of the Auditor General of Canada in April 1999, and the Standing
Committee on Public Accounts deposition in November 1999.

Meanwhile, in 1997, the DND announced that a clinical study would be conducted, intended to investigate
possible side effects related to mefloquine use. The DND-specific research study would seek to determine
whether there was any objectively measurable “neuro-psychological” effects associated with mefloquine.
The study design, previously approved by the Medical Services Research Board in 1995, would consist of
a double blinded, randomized, placebo controlled trial. Subjects for the study would be volunteer military
personnel scheduled for deployment to a malaria endemic region and who would have been prescribed
mefloquine as part of their usual pre-deployment preparation. The study would run for several weeks
prior to the actual deployment. The suggested sample size required 280 persons per active and placebo
groups respectively. By 1998, the study had not been conducted because CAF personnel were not
deploying in sufficient numbers to a region where the use of mefloquine was required, and by early 1999
the proposal was dropped.

In 1998, as part of a series of Parliamentary questions regarding mefloquine use in the CAF, the following
guestion, labelled as Q-138, was asked:
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Of those members of the Canadian Forces who were administered mefloquine since 1992, how
many have attempted suicide or committed suicide; in what year; in Canada or abroad; and if
abroad, name the country.

In preparation to answer the Parliamentary question Q-138, an informal review was completed by the
DPM Police (reference 2.9). The methodology consisted of a crude listing of the attempted and completed
suicides reported to the military police. This was cross-referenced to locations of the suicide and if those
locations would have mandated malaria chemoprophylaxis. None of the files were individually reviewed,
therefore potential associations or causality were not assessed. The caveat was also made that prior
exposure to mefloquine was not determined, again because the data was being used from a central
spreadsheet, which lacked that granularity of information.

This appears to be the first instance of data being used to ascertain an increased risk of suicide while
deployed on a CAF operation and while taking mefloquine for malaria chemoprophylaxis. The inherent
limitations of this process are readily apparent, and many potential study questions remain unanswered
by this exercise. However it serves to illustrate some of the requirements should a more robust study be
undertaken.

2.4.1 Additional studies

As mentioned above, there is limited existing research analyzing either short or long term possible adverse
effects of MCP use within the CAF. Unfortunately, any study conducted within the CAF attempting to
achieve such an analysis will be severely constrained by its statistical power. Statistical power is the
likelihood that a study will detect an effect when there is an effect to be detected. As there have only
been a total of approximately 18,000 CAF personnel ever prescribed mefloquine in the CAF, a study of
possible adverse effects could only detect a very large effect. As will be discussed in Chapter 5 of this
report, large effects are not seen and therefore studies require several hundreds of thousands of
participants in order to detect statistically significant effects.

2.5 Controversy with mefloquine

Despite early reports that mefloquine was well tolerated with limited adverse effects (reference 2.10),
once the drug began to be used as a regular antimalarial (specifically at the higher doses for treatment),
reports of both common and uncommon adverse effects possibly linked to the use of mefloquine began
to be published (reference 2.11). Of most interest, both academically and within the public interest, were
adverse effects labelled neuropsychiatric disorders, which include 2 broad categories of symptoms:
central and peripheral nervous system disorders (headache, dizziness, vertigo, seizures) and psychiatric
disorders (major psychiatric disorders, affective disorders, anxiety, and sleep disturbances)(reference
2.12). Unfortunately, experts disagreed (and continue to disagree) over the tolerability of mefloquine
prophylaxis versus alternatives, mainly with regard to neuropsychiatric events.

In 1989, the WHO convened an informal consultation on the subject of central nervous system reactions
related to the use of mefloquine (reference 2.13). Although data was considered too preliminary to
warrant wholesale changes in international guidelines, interim guidelines regarding exclusion of certain
populations (airline pilots, for example) were promulgated. This was considered a precautionary measure
based on the potential for vestibular effects. In 1991, the WHO went further to draft a project to assess
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central nervous system disorders associated with mefloquine in terms of the type of adverse events
experienced, their frequency, and their outcome. Using a crude estimate of the number of users of MCP
and treatment in Europe, it was estimated that 5 per 100 000 (1:20 000) prophylactic users experienced
severe adverse events. With a conversion factor — taking into account a maximum of 50% underreporting
—the frequency became 1:10 000. This figure continues to be used as a rough estimate of the risk of severe
neuropsychiatric adverse effects during or following use of mefloquine as a chemoprophylactic. Rates of
adverse effects when mefloquine is used as a treatment have been reported as high as ten-fold greater.

Still, many studies from the early 1990s did not identify any significant excess of neuropsychiatric adverse
events in mefloquine users. Peace Corps volunteers using mefloquine prophylaxis for more than 2 years
experienced strange dreams (25%), insomnia (9%), and dizziness (8.4%), similar to those using chloroquine
(corresponding incidence 26%, 6.5%, and 10%); no severe neuropsychiatric reactions were causally
associated with mefloquine (reference 2.14). However, as research continued to accumulate on the
tolerability of mefloquine, more reviewers began to suggest that adverse effects actually occurred at
higher rates than was being reported.

Much of the research regarding use of mefloquine explores one or more characteristics of mefloquine
regarding effectiveness (as MCP or treatment), tolerability (with emphasis on compliance), and adverse
reaction profile. There are many reasons for this disparity in observational findings, analysis and,
ultimately, conclusions. The literature supporting an association of drugs with neuropsychiatric adverse
effects is largely comprised of case reports, postmarketing surveillance and retrospective observational
studies, making the case for causality difficult. There are few quality prospective, controlled trials with
objective assessments of these types of symptoms or diagnostic criteria. Later in this report, we look at
studies that specifically concern military personnel, as one of the key considerations and concerns with
mefloquine use is the possibility of degradation of performance within a combat or military environment.

2.6 Exploring adverse reactions

When deciding on the most appropriate malaria chemoprophylaxis, both the risks and the benefits of the
drug must be considered. Hence, the development of adverse effects while on medications is a common
challenge for prescribers. Side effects, adverse drug reactions, adverse drug effects, adverse drug events
and adverse drug experiences all describe unintended and (usually) undesired signs and symptoms during
or following exposure to a medication. Adverse drug reactions have been classified into a number of
different classification schemes, however for brevity, the simplest is according to severity and frequency.

Mild adverse drug reactions can be described as not requiring an antidote or treatment, and if the patient
is already hospitalized, no prolonging of the stay is required. A moderate adverse drug reaction may see a
change in treatment (for example, modified dosage or addition of another drug), but not necessarily
discontinuation of the drug. A severe adverse drug reaction is potentially life threatening and requires
discontinuation of the drug with possible specific and focused treatment of the reaction.

The Council of International Organizations of Medical Sciences (reference 2.15) lists the frequency of
adverse drug reactions as follows:

Very common >1/10

Common (frequent) >1/100 and < 1/10
Uncommon (infrequent) >1/1000 and < 1/100
Rare > 1/10000 and < 1/1000
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Very rare <1/10000

Some of the most commonly reported adverse reactions — associated with the use of the top 200 most
commonly prescribed medications — have been reported as follows: nausea (most common), dizziness
(2nd most common), headache (3), fatigue (12), depression (15), tremor (18), somnolence (19),
paresthesia (23), anxiety (24), myalgia (25) and nervousness (27) (reference 2.16). Some of these adverse
effects are also reported with mefloquine use (incidentally, not one of the top 200 most commonly
prescribed medications), with a wide disparity of reported rates (from 25% to >90%)(reference 2.17).
There are a number of possible reasons for the lack of consensus on adverse reaction rates.

When reporting possible adverse reactions to a medication, one must be cognizant of the potential
confounders, like pre-existing symptoms. Some researchers have mentioned that there is an
indeterminate background rate of some of these symptoms. Indeed, an interesting 2012 study found a
background rate of dizziness (an oft reported adverse reaction of medications) in the city of Sau Palo at
42% in the general population (study criteria excluded those on medications)(reference 2.18). In another
study focusing on 3500 malaria patients treated along the Thai Burmese border, dizziness occurred in 83%
of adults and 59% of children (under 15 years) in the first three days after treatment with mefloquine
(reference 2.19). Dizziness just prior to treatment, however, was found to occur in 63% of adults.

A corollary of the above is simply response bias. Since most possible adverse reactions are self-reported,
mild to moderate symptoms may not drive the patient to a health care practitioner to seek another MCP
or treatment for symptoms. The event may then go unreported. Or the symptoms may not be recognized
as having an association with the medication.

2.6.1 Neuropsychiatric adverse effects and causality

The term “neuropsychiatric” has historically been linked to mental health disorders with an organic
component. The universal examples of neuropsychiatric symptoms (NPS) are delusions, hallucinations,
anxiety and irritability. In literature regarding mefloquine, the list of possible neuropsychiatric adverse
effects (sometimes called neuropsychiatric outcomes) related to mefloquine use has expanded from the
above list to include neurologic signs and symptoms (like vertigo and paresthesias) and common mental
health issues (like depression)(reference 2.20).

The assessment of causality and the explanation of mechanisms of psychiatric and neurologic disorders
reported with mefloquine use are difficult for biological and epidemiological reasons. Certain criteria need
to be met to establish a relationship between a drug and a particular side effect (reference 2.21). The
usual criteria for a definite reaction would be that the reaction follows a temporal sequence from
administration of the drug or from when the drug level has been established in body fluids or tissues, the
reaction follows a known pattern of response to the drug, the reaction improves on stopping the drug
(dechallenge), and the reaction reappears on repeated exposure to the drug (rechallenge). Less likely
relationships are considered if underlying conditions could contribute, or if the reaction does not follow a
known pattern of response to the drug.

A substantial body of knowledge has grown with regards to understanding what role mefloquine might
have in causing neuropsychiatric adverse effects. However, it remains a difficult challenge to quantify and
qualify within a framework of risk management: the benefit of the drug preventing the clinical
manifestation of malaria, and the risk of an adverse effect related to its use. The issues revolve around
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understanding the patterns of self-reported adverse effects, analyzing the disparity in rates of adverse
events reported in different studies, and ratifying differing expert opinion.

Some researchers have looked outside of observational studies (case studies, retrospective and
prospective studies) to explain reported adverse effects in a pathophysiologic context (the biological
model supporting a neurotoxicity syndrome). This is also a difficult challenge because even the therapeutic
action of mefloquine is still not completely understood. Two of the prominent issues with researching
adverse effects associated with mefloquine have been: the original observation that no significant levels
of mefloquine were found in the cerebral spinal fluid of patients; and, aside from animal models and
cadaveric/autopsy studies, the difficulty in assessing what accumulation occurs in the human brain.

Early researchers, referring to reports of abnormal hepatic enzymes, theorized that adverse effects were
as a result of liver damage (“post-hepatic syndrome”) as well as “disturbed thyroid function” (reference
2.22). Although the theory remains as such, a similar idea was resurrected in a study from 2013. In this
case, the author stated that evidence supported “the hypothesis that mefloquine neurotoxicity and other
adverse effects reflect an endogenous form of hypervitaminosis A due to a process involving: mefloquine-
induced dehydrogenase inhibition; the accumulation of retinoids in the liver; retinoid-induced
hepatocellular damage; the spillage of stored retinoids into the circulation; and the transport of these
compounds to the gut and brain in toxic concentrations” (reference 2.23).

Over the last decade, a number of animal models have been used to propose hypotheses that seek to
explain the neuropsychiatric profile of adverse effects reported with mefloquine use. In some
circumstances, hypotheses were built upon other studies that were not directly looking at mefloquine as
a therapeutic agent, but rather as a chemical catalyst, in effect searching for chemical compounds that
would assist in the focus of the study. For example, the neuronal gap junction proteins (termed
“connexins”) have been implicated in seizures. Developing a mouse model to use for seizure research
required either modifying the mouse brain or just “blocking” the connexins. Mefloquine was one of many
substances that were trialed successfully as a blocker (reference 2.24). This led to a number of “connexin
blockade” theories explaining the neuropsychiatric symptoms attributed to mefloquine use.

A number of other neurologic targets have been added to the list of hypotheses. These include disruption
of calcium homeostasis of neuronal cells (and oxidative stress), inhibition of enzymes such as
acetylcholinesterase or butylcholinesterase, inhibition of cellular transport systems (APT-sensitive
potassium channel, P-glycoprotein), and blockage of receptors (adenosine A2A, p2x7, receptor-mediated
spontaneous inhibitory postsynaptic currents) (reference 2.25). It must be pointed out that, since many
of the studies were not looking specifically at mefloquine “toxicity”, concentrations were often relatively
high, and involved rodent brain slices as well as tissue and cell cultures. This makes the extrapolation of
this knowledge to human pharmacokinetics a daunting task.
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CHAPTER 3 Chart Audit to Review Mefloquine Prescribing Practices in the CAF
Key question(s)

Is the CAF following recommended practices for prescribing mefloquine?

Summary

e To evaluate prescription practices for mefloquine in the CAF, a chart audit was undertaken for
personnel (n=111) prescribed this drug from 1 Dec 2013 to 1 Dec 2016, inclusive.

o Of the 111 patients who were prescribed mefloquine, more than 95% (106) had documentation
indicating that the prescription process included a face to face encounter with a clinician.

e Among the reviewed charts, 42/111 (38%) included documentation that patients were screened for
contraindications and precautions; and 13 of 111 (12%) patients who were prescribed mefloquine had
a potential contraindication or precaution in their chart.

Conclusion(s)

The CAF malaria policy is generally being followed, i.e. personnel receiving prescriptions have a face to face
encounter with a clinician. However, there is insufficient documentation of screening for contraindications
and, in some cases, personnel have received a prescription for mefloquine despite evidence of potential
contraindications or precautions in their medical records. These latter occurrences, i.e. patients who
received a mefloquine prescription despite a potential contraindication, represent patient safety incidents
that should be investigated.

3.1 Introduction

MCP is a key measure for preventing malaria. It is universally recommended by national (reference 3.1)
and international public health authorities for travel to relatively higher risk areas for malaria (see
Chapter 4).

Like therapeutic interventions generally, use of MCP is, for some users, associated with unwanted side
effects. Usually, adverse effects (AE) are mild, though more rarely they can be serious. Moreover, some
patients should avoid drugs (if they are contraindicated) based on pre-existing medical conditions or
other factors. For example, the drug AP is, when used as MCP, contraindicated for patients with a
known hypersensitivity to its constituents or for persons suffering from severe renal impairment
(reference 3.2).

Guideline panels, when making recommendations for MCP, consider both the benefits (improved health
through malaria prevention) and harms (negative impacts, e.g., adverse effects) of the drug (see
reference 3.1). Further, they generally stress the importance of taking a medical history and considering
the patient’s personal preferences when prescribing MCP. For example, the Canadian CPG for malaria
prevention indicate:
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and,

“A health care provider should prescribe drugs for the prevention of malaria after an individual
risk assessment to ensure that only those travellers truly at risk of malaria infection receive
chemoprophylaxis...Careful adherence to dosing guidelines, precautions and contraindications
can minimize any adverse effects”

“Present all the options to travellers and, unless there is a contraindication, give them a choice of
which chemoprophylaxis they prefer; all recommended first-line malaria chemoprophylactic
regimens are equally effective”

The CAF approach to malaria prevention (reference 3.3) is based on the Canadian CPG (reference 3.1)
and requires careful medical screening of the patient:

“The prescription for a specific MCP for an individual must be based on an assessment of the
individual’s travel itinerary, malaria drug resistance in the region being visited, his/her underlying
health status, other medications being taken, and the risk of adverse drug reactions... After
suitable information transfer, the individual can make a personal decision on which of the MCP
drug options he/she wishes to be prescribed. This is a clinical process.”

For mefloquine, which is one of the three primary MCP options® recommended in the Canadian CPG (the
others are AP and doxycycline), neuropsychiatric outcomes are included as a potential adverse effect
(references 3.1 and 3.4) and the drug is contraindicated in patients with active or a history of psychiatric

illness:

“Patients with active depression or a history of psychiatric disturbances (including depression,
generalized anxiety disorder, psychosis, schizophrenia or other major psychiatric disorders) or a
history of convulsions should not be prescribed MEFLOQUINE prophylactically since MEFLOQUINE
may precipitate these conditions.” (excerpted from the product monograph, reference 3.4)

Thus, if mefloquine is being considered as MCP, patients are to be screened for current or past neurologic
disorders and mental illness.

To assess whether such screening is taking place in the CAF, a medical chart review was carried out for
patients prescribed mefloquine from 2013 to 2016. Three aspects of the prescription process were
specifically sought:

was there documentation of a medical encounter with a clinician related to the prescription;
were there annotations in the medical file that were indicative of contraindication and precaution-
based screening; and,

was there evidence in the medical file to indicate whether potential contraindications were
present at the time of prescribing, e.g., current or history of mental illness?

3In areas where there is chloroquine resistance.
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3.2 Methods
3.2.1 General

For this chapter, the TF was responsible for: identifying relevant medical records; carrying out the chart
review; reviewing and analyzing data extracted from the charts; and, chapter writing. As outlined in
chapter 1, members of the TF are employees of the DND or members of the CAF. The chart review was
authorized by the SG.

3.2.2 Research Questions

e Over the review period, was there documentation in the medical record to indicate that the
patient had received a face to face encounter with a clinician related to MCP?

e Over the review period, was there documentation in the medical record to indicate that the
patient had been screened for contraindications and other precautions related to mefloquine?

e Over the review period, was there documentation in the medical record to indicate that the
patient had potential contraindications to mefloquine?

e Over the review period, was there documentation in the medical record to indicate that the
patient had discontinued mefloquine due to potentially associated adverse effects?

3.2.3 Chart review

A list of CAF members who received mefloquine from 1 Dec 2013 to 1 Dec 2016 was obtained from the
Canadian Forces Health Services (CFHS) Pharmacy Database. This list was kept as protected B information
and was used to generate a spreadsheet (Microsoft Excel) onto which information from the chart review
could be extracted. The spreadsheet did not contain personal identifiers so as to protect the privacy of
the included individuals. All information collected and stored as part of this study will be maintained in
accordance with established DND procedures.

Two physicians on the TF with the required permissions for the Canadian Forces Health Information
System (CFHIS) access carried out the review. A given patients’ record was reviewed by one of these
physicians. In the event of uncertainty, e.g., a diagnosis that was unclear, both physicians discussed the
information and reached a consensus. The extracted dataframe included: anonymized demographic
information; purpose and location of travel; presence of potential contraindications in the medical record
(see Table 3.1 for a listing); documentation of any information to indicate that a medical encounter with
a clinician (related to the prescription) had occurred; documentation of other medical encounters
potentially related to the prescription; documentation that individuals who were prescribed mefloquine
were screened for contraindications (including use of a questionnaire); and documentation related to
discontinuation of mefloquine due to possible associated adverse effects.
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Table 3.1 — List of contraindications (extracted from product monograph, reference 3.4)

Contraindications to mefloquine

e known hypersensitivity or past severe reaction to mefloquine
e active depression
o history of psychiatric disturbances
O depression
0 generalized anxiety disorder
0 psychosis
0 schizophrenia
0 other major psychiatric disorders
e history of seizures
e cardiac conduction delays

3.3 Results

Over the review period, 111 patients were identified as being prescribed mefloquine. The average age of
patients was 37.8 years (range = 23-59 yrs). Most were male (88%), 55% were officers, and the majority
(61%) were travelling to a malaria endemic area as part of a deployment. The most common destination
was Africa (56%). Among deployed personnel, the most common operations were Op Crocodile in the
Democratic Republic of Congo (15 prescriptions), Op Sirona in Sierra Leone (7 prescriptions), and Op
Soprano in South Sudan (19 prescriptions).

More than 95% (106) of patients had documentation in their medical chart of a face to face encounter
with a clinician related to the mefloquine prescription. There was evidence of screening for
contraindications and precautions in 38% (42/111) of charts. Among the remaining patients, 14/69 (20%)
had chart notations indicating that they had previously taken and tolerated mefloquine.

Thirteen (12%) of the medical charts included diagnoses and/or other information that suggested a
mefloquine contraindication. The most common contraindication was current or past neuropsychiatric
iliness (depression and/or anxiety and/or PTSD, n= 13). One of these 13 individuals also had a cardiac
arrhythmia (atrial fibrillation).

The medical records indicated that four patients discontinued mefloquine due to associated adverse

effects: one member had difficulty sleeping; one member had diarrhea; one member had mood changes
and fatigue; and, one member discontinued the medication before deployment due to flu-like illness.
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3.4 Discussion and Conclusions

The primary purpose of the chart review was to assess adherence to recommended MCP prescription
practices. In this respect, and given the research questions (see above) that were identified, we found:

e The large majority (>95%) of mefloquine prescriptions involved a face-to-face consultation
between the patient and clinician. This is consistent with best practices, and differs from the
situation for some other militaries where individual-level consultation and individual-specific
advice has sometimes been identified as a potential challenge* (references 3.5 and 3.6).

e A minority (38%) of the reviewed charts included clear annotation(s) to indicate that the patient
was screened for contraindications. A further 13% indicated that the patient had previously
received and tolerated mefloquine. Among the approximately 50% remaining charts, there was
no documentation of contraindication screening (although such might have occurred without
being recorded).

e Mefloquine was provided to 13 persons (12%) with potential contraindications. Similar results
have been identified in previous studies with military populations (references 3.7 and 3.8).

e Four patients (4%) had annotation in their chart to indicate that mefloquine was discontinued
owing to potentially associated adverse effects. This rate is similar to estimates for other military
populations (references 3.9 and 3.10; see chapter 5).

3.5 Strengths and Limitations

Our chart review had a number of strengths. First, it included the entire cohort of CAF personnel
prescribed mefloquine over a three year period. Further, it involved a thorough search for entries (e.g.,
primary care notes, periodic health examinations, deployment related forms, immunization and
Preventive Medicine ancillary notes, and scanned documents) for relevant information. As a result, we
were able to construct a detailed patient profile for each mefloquine prescription given over a three year
period.

The chart review also had limitations. In particular, screening for contraindications by the prescribing
clinicians or other health care providers might have occurred without being annotated in the medical
record. If true, this would result in an underestimation of the rate of screening for contraindications.

3.6 References
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the Prevention and Treatment of Malaria.
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“Reference 3.5 (referring to the US military MCP recommendations) states: “individualizing advice and recommendations for large military
deployments is rarely logistically possible or feasible”.
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CHAPTER 4 Comparison of Civilian and Military Recommendations
for the Prevention of Malaria

Key question(s)

Are the Canadian guidelines for malaria prevention (and by extension the CAF approach) consistent with
the approaches employed by other national and international jurisdictions?

Summary

e Two international (World Health Organization (WHO), International Association for Medical
Assistance to Travellers (IAMAT)) and eight national (Canada, United States, United Kingdom,
Australia, France, Germany, Switzerland and Netherlands) civilian sources were reviewed (Annex
3). For military guidelines, six sources (Canada, United States, United Kingdom, Australia, France,
Germany) were reviewed (Annex 3°).

e International and national civilian guidelines include atovaquone-proguanil (AP), mefloquine or
doxycycline (excluding Netherlands) as MCP options for malaria prevention in relatively higher risk
areas. They differ in their approach for relative lower risk areas where some guidelines (e.g.,
Switzerland, Germany) indicate MICP need not be used.

e Guidelines stress the importance of appropriate medical screening to match travellers with
suitable MCP agents.

e Military guidelines are more varied than international and national guidelines. All of those
reviewed included mefloquine as an option, however the majority (US, France, Australia,
Germany?®) include it as a less preferred drug (after doxycycline and/or AP). The US and French
guidelines do not specifically address why mefloquine is not a first-line option. The Australian
military (ADF) prefers doxycycline, as it might confer protection against other diseases; the ADF
acknowledges that public perception affected its approach to MCP, in contrast to national civilian
CPG.

e The two military guidelines (Canadian and UK) that include mefloquine as an option, also explicitly
link their approaches to national clinical practice guidelines.

Conclusion(s)

The Canadian guidelines for malaria prevention (and by extension the CAF approach) are consistent with
the guidelines of other civilian national and international health authorities. In particular, mefloquine
along with AP and doxycycline are generally considered as suitable options for protection in areas where
the most dangerous type of malaria (Plasmodium falciparum) occurs. However, some militaries consider
mefloquine as a less preferred MCP option. Where military and national civilian approaches differ,
operational (e.g., US) or societal (e.g., Australia) justifications have been used to explain the difference.

5The approach of the German military was identified after evidence was collated for the report. Hence, a summary
of the German approach is not included in Annex 3.
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4.1 Introduction

As discussed in Chapters 2 and 3, malaria is a serious and potentially fatal disease caused by parasites
transmitted by mosquitoes. It can affect military personnel and missions. Prevention of malaria is
therefore a military health priority.

The CAF approach (reference 4.1) to malaria prevention is based on the Canadian CPG (reference 4.2). For
MCP, the Canadian CPG recommends that, in most areas where there is resistance to chloroquine, one of
three agents be used: mefloquine; doxycycline; or, AP. When prescribing a MCP agent, the CPG
recommends:

"Present all the options to travellers and, unless there is a contraindication, give them a choice of
which chemoprophylaxis they prefer; all recommended first-line malaria chemoprophylactic
regimens are equally effective"

In line with this, the CAF approach to use of MCP (reference 4.1) is summarized as:

"The prescription for a specific MCP for an individual must be based on an assessment of the
individual's travel itinerary, malaria drug resistance in the region being visited, his/her underlying
health status, other medications being taken, and the risk of adverse drug reactions. CATMAT
Guidelines provides guidance on: risk assessment (chapter 2); selection of a MCP regimen for
individuals in general (chapter 4); malaria prevention for women who are pregnant or breast-
feeding (chapter5); malaria prevention for individuals with co-morbidities (chapter5); and the
indications/ efficacy/ adverse effects/ contraindications/ precautions of the specific drugs (chapter
8). After suitable information transfer, the individual can make a personal decision on which of the
MCP drug options he/she wishes to be prescribed".

The purpose of this chapter is to compare the Canadian CPG on malaria prevention to other international
and national guidelines, and to compare the CAF policy on MCP to these CPG as well as to the guidelines
of other militaries.

4.2 Methods
4.2.1 General

For this chapter, the TF was responsible for: identifying relevant international, national and military
guidelines; evidence synthesis and analysis; and, writing. As outlined in chapter 1, members of the TF are
employees of the DND or members of the CAF.

A systematic review for evidence was not carried out. Rather, a convenience sample of CPGs from
international/national/military jurisdictions was reviewed.

4.2.2 Research Questions
e Are MCP recommendations different between civilian international and national guideline
panels? If so, why?
e Are MCP recommendations different between militaries? If so, why?
e Are MCP recommendations different between military and civilian authorities? If so, why?
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e What evidence was used to develop the included guidelines, and how was it assessed?
4.3 Results
4.3.1 Included guidelines

Our review included two international civilian, eight national civilian and six®> military guidelines
(references 4.1-4.14 and 4.19).

International (WHO and IAMAT) and national (Canada, USA, UK, Australia, France, Germany, Switzerland,
Netherlands) civilian sources (see Annex 3) were consistent in that they indicated that mefloquine, AP and
doxycycline® were suitable MCP agents. They also specifically identified neuropsychiatric adverse effects
as a potential harm associated with use of mefloquine; and a variety of AE as being potentially associated
with use of AP and doxycycline. Finally, civilian guidelines emphasized the need to medically screen
patients to maximize the likelihood that the traveller would be prescribed the most suitable MCP agent.

In contrast to civilian CPG, there is substantial heterogeneity in military approaches to use of MCP (see
Annex 3). The CAF follows the respective national civilian CPG, as does the United Kingdom Ministry of
Defence’. The approach of the Australian Defence Force (ADF) differs from the Australian national
guideline in that it recommends doxycycline as the first-line MCP, followed by AP. Mefloquine is
considered a third-line agent. In explaining their approach, the ADF explicitly states:

"...antibiotic properties [of doxycycline] also prevent typhus, leptospirosis, and some gastro-
intestinal, urinary tract and skin infections"

"Due to the wide-spread public perception of severe mefloquine adverse events, mefloquine is best
used only by those who have previously tolerated the medication”

In 2009 (reference 4.15), the US DoD specifically identified doxycycline as its first-line MCP agent followed
by, in terms of preference, AP and mefloquine. This approach was subsequently updated in 2013
(reference 4.11) when AP and doxycycline were identified as first-line agents, and mefloquine as an option
if these were not suitable. In its guidance (references 4.11 and 4.15), the US DoD does not specifically
articulate why its approach differs from the US national guidelines, though the earlier guidance does
discuss neuropsychiatric outcomes that are potentially associated with use of mefloquine (also see
reference 4.17). The French military has, for some time, used doxycycline as its first-line agent, though
apparently will use mefloquine as an alternative MCP if doxycycline is not suitable. We were not able to
find information that explains why the approach of the French military differs from the French national
CPG. The German military has just recently changed its approach and mefloquine is no longer used as
MCP.

6 The exception is the Netherlands, where AP and mefloquine are listed as first line agents, and doxycycline (which is not registered for this use
in the Netherlands) is included as a second line agent.
7 The UK MoD is currently reviewing its malaria prevention policy.
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4.3.2 Guideline Development - Use of Evidence

The Canadian national CPG (reference 4.2), and by extension the CAF policy® for malaria prevention (which
are based on the Canadian CPG), is the only guideline that indicates recommendations were developed
using Evidence-based Medicine (EBM)°. Other civilian guidelines, including from the US, Switzerland and
the UK, indicate recommendations are based on risk of malaria to travellers, but do not include a
description of the process used to develop their guidance. The Swiss CPG is the only civilian doctrine that
explicitly links recommendations to estimates of malaria risk, whereas the US DoD doctrine is the only
military policy that does this. In this regard, the approaches are somewhat different, the US military
indicates MCP need not be used if risk to the military traveller is estimated to be <1/1,000 per month of
exposure (in the absence of countermeasures) whereas the Swiss guidelines indicate a threshold of
1/100,000 for non-use of MCP (and 1/10,000 for use of emergency standby treatment).

4.4. Discussion and conclusions

Despite different approaches to elaborating recommendations, e.g., use of EBM vs. expert opinion, and
presumably different societal normatives, the reviewed international and national CPG for malaria
prevention are consistent, i.e. mefloquine along with doxycycline (excepting the Netherlands, see
footnote 1) and AP are considered suitable MCP agents. These guidelines are also similar in that they
stress the importance of medical screening when selecting MCP. We believe that such consistency,
despite different guideline contexts, supports the appropriateness of the overall approach. Applied to the
Canadian context, the reviewed international and national guidelines are similar to those espoused in
Canada — whether at a general level (reference 4.2), or applied at the level of CAF personnel (reference
4.1).

Military guidelines are not always consistent with national guidelines. Where differences occur, they are
not always well explained, or are based on operational (e.g., US) or societal (e.g., Australia) considerations.
None of the reviewed military guidelines explicitly explain whether or how scientific and or medical
evidence was weighed in policy decision-making.

4.5 Limitations

The analyses undertaken in this chapter is subject to several limitations. Most importantly, analyses and
conclusions are based on a convenience sample of international, national and military guidelines. We do
not know if these are representative of the broader population of malaria CPG. However, we did
intentionally select the three western jurisdictions reporting the most travel-associated cases of malaria
annually (France, UK and the US, cumulatively, ca. 6,000 cases annually and approximately 60% of all cases
reported, reference 4.18).

Second, current guidelines are generally based on expert opinion, without application of modern EBM
methods. This reduces confidence in the quality of the evidence underpinning the recommendations.

8n 2013, after the black box warning for mefloquine had been added to the US product monograph, the CAF asked the Canadian Committee to
Advise on Tropical Medicine and Travel (CATMAT) to review the revised US safety information. The committee, which is responsible for the
Canadian CPG, did so and concluded that its guidance on use of MCP remained appropriate.

9 CATMAT has since updated its approach to use of EBM (reference 4.16). It is currently reviewing the Canadian malaria guidelines with the
revised methodology.

25/66



Surgeon General Task Force Report on Mefloquine

Nevertheless, the consistency among international and national guidelines is striking, and supports the
conclusion that MCP recommendations (including for use of mefloquine) are appropriate.

Finally, several guidelines are under active review (e.g., Canadian and UK) and MCP recommendations
might change in future CPG.
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CHAPTER 5 Tolerability of Mefloquine compared to Other Antimalarials
for Military Personnel

Key question(s)

Compared to alternatives, are military personnel using mefloquine at relatively increased risk for
potentially associated adverse effects?

Compared to alternatives, does mefloquine result in reduced ability to execute occupational duties?
Are there adverse long term effects of using mefloquine evident in Canadian soldiers?
Summary

e To further evaluate tolerability of mefloquine for military personnel, we sought and assessed
evidence specific to this population. Emphasis was placed on studies that included doxycycline
and/or AP as comparators.

e To identify relevant literature, a search of Ovid Medline was performed. After screening the title
and abstracts of the 113 identified studies, 7 were retained. An additional two studies identified
after the initial literature search were also included.

e Mefloquine, used as MCP in (primarily deployed) military populations, was most often compared
to doxycycline (8 studies, ca. 400,000 participants). It was usually associated with similar or lower

rates of AE than doxycycline.

e Self-reported rates of compliance with mefloquine MCP were usually similar or higher than for
doxycycline.

e Self-reported rates of impact on day-to-day activities [and/or discontinuation of MCP due to
potentially associated AE] for mefloquine were generally similar to or lower than rates for

doxycycline.

e Compared to doxycycline, mefloquine was not associated with increased risk of post-traumatic
stress disorder (PTSD), depression or suicide.

e Although fewer studies incorporated an AP cohort, evidence suggests that rates of adverse events
potentially associated with this drug are generally similar or lower than for mefloquine.

e Inthe aggregate, the evidence suggest mefloquine is as well or better tolerated than doxycycline
among military personnel, though it might be associated with a modest increase in potentially

associated AE compared to AP.

e Evidence included safety data for up to one year after use of MCP.

28/66



Surgeon General Task Force Report on Mefloquine

e At the study level, the quality of the evidence for the included studies was very low to low. Specific
concerns included: risk of bias indirectness (evidence derived from non-Canadian militaries) and
imprecision.

Conclusion(s)
Compared to currently recommended alternatives (doxycycline and AP), mefloquine is not consistently
associated with an excess overall risk of adverse effects (low to very low quality evidence). This includes

neuropsychiatric outcomes.

Compared to currently recommended alternatives (doxycycline and AP), mefloquine is not associated with
an excess risk of not being able to perform occupational duties (low to very low quality evidence).

Evidence addressing potential long term adverse effects of mefloquine or other MCP agents on health was
not identified.

5.1 Introduction

Military personnel, whether travelling for occupational or leisure reasons, are at personal risk of malaria.
Like other travellers (references 5.1 and 5.2), this is affected by where they are going, what they are doing,
whether they are immunologically naive, and a variety of other health and travel-related factors. Added
to this, malaria can, in certain circumstances, affect the mission. This is particularly applicable in areas
where malaria transmission is intense and personnel do not use preventive measures (e.g., repellents and
malaria chemoprophylaxis). Examples of malaria-associated mission impact include historic conflicts (e.g.,
Pacific theatre during World War 1l) and more recent deployments such as an outbreak among US Marines
deployed to Liberia in 2003 (up to a 40% attack rate; reference 5.3).

The potential for malaria to affect individuals and missions has prompted significant effort on the part of
Western militaries to prevent this disease. Commonly employed measures include products that prevent
mosquitoes from biting (e.g., topical repellents) and medications (MCP agents) that prevent development
of clinical disease once infected. While used by the military, these approaches are not specific to this
population, rather they are recommended for prevention of malaria by national [e.g., the Public Health
Agency of Canada (reference 5.1), the US Centers for Disease Control and Prevention (reference 5.4)] and
international [e.g., the World Health Organization (reference 5.5)] public health organizations.

As outlined in Chapter 3, the CAF follows the Canadian CPG on malaria prevention (reference 5.1). This
includes recommendations related to use of MCP. In this respect, the Canadian CPG (as well as other
national and international authorities) recommend that, in most areas where there is resistance to
chloroquine, one of three agents (presuming medical suitability) be used: mefloquine; doxycycline; or, AP.
The Canadian CPG do not distinguish between military personnel’® and other travellers as respects use of
MCP. Rather, the CPG emphasizes decision-making based on the circumstances of the individual, for
example, is the person travelling for an extended period, do they have contraindications to any of the MCP
agents, etc. This approach is suitable to the military context to the extent that it is relatively inclusive.

10 The exception is Presumptive Anti-relapse Therapy (PART), where military personnel (as well as long term travellers and expatriates) are
identified as a population for whom the intervention might be apt.
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However, it is true that military personnel can operate in contexts not experienced by most leisure
travellers, e.g., long-term deployment in a stressful environment. This has led some to question strict
application of the Canadian (and other) CPG to the military environment. For example, it has been
suggested that mefloquine ought not to be used by military personnel (see Chapter 1, also see reference
5.6). Reasons cited for this view include: concern that mefloquine is relatively poorly tolerated by military
personnel; concern that mefloquine is potentially associated with long term neurologic or other sequelae;
concern that AE potentially associated with mefloquine could complicate the diagnosis of mental health
conditions like PTSD; and, concern that deploying personnel recommended to take MCP might not be fully
screened for contraindications or other precautions that might impact upon the decision to prescribe
mefloquine.

The perspective of the CFHS has been that the Canadian CPG for malaria prevention is suitable for guiding
its approach to protecting CAF personnel against malaria. However, it also is important that we consider
new information and, as necessary, update our approach to use of MCP. To this end, this chapter
appraises the military-specific scientific evidence related to the tolerability of mefloquine as MCP. It also
was intended to evaluate evidence related to potential long-term negative impacts of mefloquine use on
military personnel.

5.2 Methods
5.2.1 General

For this chapter, the TF was responsible for: identifying key research questions; literature retrieval,
synthesis and analysis; and, writing. As outlined in chapter 1, members of the TF are employees of the
DND or members of the CAF.

Evidence appraisal was done through a narrative approach. We did not, for example, undertake a meta-
analysis of identified literature, nor did we subject the identified evidence to a formal outcome-based
evidence-based medicine (EBM) process to yield recommendations. We did, however, apply a qualitative
approach based on an EBM methodology (GRADE, see reference 5.7) to characterize the quality of the
evidence (see below).

5.2.2 Research Questions

e Is mefloquine used as antimalarial chemoprophylaxis by military personnel associated with an
increased likelihood of harm (i.e., tolerability, rates of AE) compared to alternatives (doxycycline
or AP)?

e Is mefloquine used as antimalarial chemoprophylaxis by military personnel associated with long-
term mental health or other neurologic harms compared to alternatives (doxycycline or AP)?

e Is mefloquine used as antimalarial chemoprophylaxis by military personnel associated with an
increased likelihood of not being able to perform occupational tasks compared to alternatives
(doxycycline or AP). For this question, we considered discontinuation of MCP due to potentially
associated AE as a surrogate for impact on ability to perform occupational tasks. While recognized
as a poor surrogate, alternative evidence does not exist.
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We did not search for or evaluate evidence related to the clinical efficacy of the currently recommended
MCP (mefloquine, doxycycline or AP)!!. This decision was taken because: current interest is focused on
the potential harms associated with MCP; and, there is agreement among national and international
advisory panels that these agents, if used appropriately, provide high levels of protection against malaria
(particularly Plasmodium falciparum).

5.2.3 Literature search and inclusion criteria

We carried out a literature search using Ovid Medline. The search terms were “mefloquine” and
“military”, i.e. a study would have to include both terms to be included in the results. We did not limit our
search by date excepting that it could only include studies listed in Medline up to and including the date
of the search (November 19, 2016). We also identified potentially relevant evidence by reviewing the
reference lists of the retrieved studies.

Titles, abstracts and (as necessary) the full text of identified studies were reviewed by a single assessor to
determine if they met the following inclusion criteria:

e English language publications;

e A population that included, as an assessable entity, military personnel;

¢ Mefloquine (intervention) compared against doxycycline and/or AP;

e Relevant outcomes, e.g., adverse effects (AE), impact on occupation duties; and,

With these inclusion criteria, case series or case reports are excluded from the analysis. This is appropriate
for at least three reasons. First, in the absence of a relevant comparator, the role (if any) of the
intervention in the reported outcome(s) usually cannot be ascribed with confidence. Second, and as a
natural consequence of the previous point, these studies generally provide the lowest quality level of
evidence. Third, and specific to this report, we identified multiple observational studies with comparators
that were specific to military personnel. Such studies are, a priori, considered to provide a higher quality
of evidence than case reports or case series. In this situation, it is preferable to limit analyses to the higher
quality evidence.

5.2.4 Evidence summary and quality assessment

We did not undertake quantitative assessments of the body of evidence, e.g., by performing a meta-
analysis. This reflected, inter alia, the disparate study designs, outcomes and comparisons made in the
included studies. Instead, qualitative assessments were done. For example, at the level of the individual
study, we compared outcomes to determine if mefloquine was associated with relatively fewer, similar or
more events than comparator. These were then tabulated across studies (see Annex 2, Tables 1 and 2) to
yield trends in effect.

We considered quality of the evidence on a per study basis. We used the same domains as are used in
GRADE to assess the quality of the evidence across studies: risk of bias, indirectness, imprecision and
inconsistency®? (see reference 5.7 for more detail). To be clear, GRADE is not specifically designed to

11 We did consider evidence related to compliance with MCP.

12 por inconsistency specifically, we considered the body of evidence. If there was serious inconsistency across studies (for example because of
widely divergent results for a given outcome), we would apply a downgrade across the body of evidence. We judged that such inconsistency
was not apparent among the included studies.

31/66



Surgeon General Task Force Report on Mefloquine

undertake qualitative assessments of individual studies. Nevertheless, its assessment domains are apt for
a general characterization of quality. In this respect and as is done in formal GRADE reviews, for
intervention-associated outcomes (e.g., adverse effects associated with MCP) we assumed randomized
studies start out as high quality and observational studies as low quality. In terms of the meaning, high
quality indicates we have greater confidence that the result represents the true state of affairs, whereas
low or very low quality indicates we have less confidence that the result reflects reality.

5.3 Results
5.3.1 Literature search

Our literature search identified 113 studies (Annex 1). After screening titles and abstracts for relevance,
34 studies were retained for full text review. Of these, seven were considered to have met the inclusion
criteria (references 5.8-5.14). Two additional studies (references 5.15-5.16), identified through
supplementary search methods, were also included. The nine included studies are described in Annex 2,
Tables 1 and 2.

The nine studies included evidence related to safety/tolerability endpoints and/or effects on ability to
perform occupational tasks. They did not include evidence of potential associations between use of MCP
and long-term mental health or other neurologic harms [one study (reference 5.15) included data up to
one year after MCP use].

5.3.2 Safety/tolerability of mefloquine compared to doxycycline and/or AP

Nearly 400,000 military personnel were involved in the included studies. Approximately 40,000 were
prescribed mefloquine, 320,000 were prescribed doxycycline and 12,000 were prescribed AP.

In all but one (reference 5.15) of the studies, safety/tolerability of MCP was based on self-reporting of
symptoms assessed through questionnaires and/or interviews. In these studies, AE possibly associated
with MCP use were commonly reported, i.e. per study rates ranged from about 20% to 60%, but also were
usually self-limited (see Annex 2, Table 1).

The largest included study (reference 5.15) involved more than 350,000 US military personnel. Rather
than self-reporting methods, it used retrospective analyses of medical records for personnel prescribed
MCP (mefloquine, doxycycline and AP) to identify neuropsychiatric outcomes (NPO). The assessment
period included the prescription period plus the subsequent 12 months. Expressed as incidence per 1,000
person years, overall rates of identified NPO*? (ca. 1 event per 10 person years) were similar for all three
MCP cohorts (mefloquine, doxycycline and AP). For individual NPO (e.g., adjustment disorder, anxiety
disorder, depressive disorder, PTSD, suicide ideation, psychoses) the mefloquine cohort generally had
similar or lower rates!* than the doxycycline cohort. The exception was anxiety disorder (deployed
personnel) where the mefloquine cohort had a relatively elevated rate (Incidence Rate Ratio (IRR) =1.12,
95% Cl 1.01, 1.24). Compared to the AP cohort, rates for most of the individual NPO in the mefloquine
cohort were similar, although rates of tinnitus (IRR 1.81 and 1.51 for deployed and nondeployed cohorts,

13 The finding of an NPO does not mean that it is linked to use of MCP; though if there was a clear excess of NPO in certain cohorts it could
indicate an association.

1 For the non-deployed cohort, this included: adjustment disorder, insomnia, anxiety disorder, depressive disorder, vertigo, and PTSD (IRR
ranged from 0.52 to 0.70)
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respectively) and PTSD in the non-deployed cohort (IRR=1.83, 95% Cl 1.07, 3.14) were relatively elevated.
Although the doxycycline cohort was not compared directly to AP cohort, it is likely that rates of some of
the individual NPO in this group were relatively elevated (given they were relatively elevated compared
to mefloquine).

Similar trends as described above were also evident in the other included studies (summarized in Annex
2, Table 2). Specifically, mefloquine was as well or better tolerated (based on rates of potentially
associated AE) than doxycycline (6/7 studies), the exception being a RCT (reference 5.16) where AE rates
were relatively elevated in a mefloquine compared to a doxycycline treatment group, but paradoxically
were relatively reduced compared to a placebo group. Further, and in line with reference 5.15,
mefloquine was associated with similar (reference 5.8) or relatively elevated (reference 5.11) self-
reported rates (e.g., sleep disturbance, nightmares) of potentially associated AE compared to AP.

5.3.3 Previous history of NPO

A single included study (reference 5.15) considered previous history of NPO as a predictor for future NPO.
Described above (and in Annex 2, Table 1), it used medical records of US servicepersons to extract NPO
information. For this assessment, only servicepersons who had a NPO in the year preceding MCP
prescription were considered (n=2,164 for mefloquine and n=29,405 for doxycycline). Previous likelihood
of NPO was higher in the doxycycline cohort (9.2%) than the mefloquine cohort (5.9%). For both cohorts,
a NPO diagnosis in the year preceding prescription was associated with elevated risk of subsequent
diagnosis (IRR ranged from 4.32 to 134.80). For individual NPO, there were no differences in estimates of
future risk based on MCP prescription, i.e. mefloquine compared to doxycycline.

5.3.4 Long term effects of MCP

We did not identify any evidence (that met our inclusion criteria) for potentially associated long term
mental health or neurologic effects of mefloquine compared to doxycycline or AP.

5.3.5 Impacts on occupational tasks: mefloquine compared to doxycycline and/or AP

We did not identify evidence to suggest that military personnel prescribed mefloquine were at increased
risk (relative to comparators) for not being able to perform occupation duties. Indeed, the evidence
suggests the opposite, i.e. mefloquine was similar to or protective relative to comparators. For example,
compared to military personnel who received doxycycline as chemoprophylaxis, personnel receiving
mefloquine were about 50% less likely to report impact on duties (22.2% vs. 12.6%, reference 5.9) or to
discontinue MCP due to AE (references 5.10 and 5.12, estimates 10% vs 4% and 27.6% vs. 11.4%,
respectively). In the single study where it was considered, potentially associated impacts on work
activities were higher for AP (6%) than for mefloquine (2%) (reference 5.11).

5.3.6 Quality of the evidence

Annex 2 (Table 1) includes an assessment of the quality of the evidence on a per study basis. Excepting
reference 5.15 (low quality), quality was assessed as very low for all studies. This is because all but one of
the studies (reference 5.16) were observational (which increases risk of bias) and hence “start out” as low
quality evidence. Additionally, each study (excepting reference 5.15) suffered at least one additional
methodologic limitation that was judged to reduce quality, for example imprecision owing to low sample
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size. The included randomized trial also was assessed as very low quality evidence reflecting our
assessment that it was at a high risk of bias (residual confounding, self-reporting, see Annex 2, Table 1)
and suffered from imprecision (small sample size). An important limitation for some of the studies was
user adherence to MCP: it was sometimes unknown (e.g., reference 5.15), and other times mefloquine
was self-reported as being more likely to be taken than comparator (references 5.8, 5.10, 5.14). This could
lead to underestimation (if AE were truly associated with use of MCP) of effect estimates in the first
instance or, with relatively higher rates of adherence to mefloquine, overestimation of the relative risks
associated with this drug.

5.4 Discussion and Conclusions

The purpose of this chapter was to assess military-specific evidence related to the tolerability and impact
on occupational duties of mefloquine as MCP (against comparators). We searched for, but did not find
evidence (within the confines of our inclusion criteria) related to long-term mental health or other
neurologic impacts of mefloquine or other MCP agents (doxycycline and AP) on military personnel.

After performing a literature search and applying inclusion criteria, we identified nine relevant references
(5.8-5.16). Bases on qualitative analyses of this evidence, we concluded:

e Compared to doxycycline, mefloquine is generally as well or better tolerated and is associated
with similar or reduced relative impact on ability to perform occupational duties.

e Compared to AP, mefloquine is generally as well or less well (e.g., tinnitus) tolerated.
e Rates of adherence are generally similar to or higher for mefloquine compared to doxycycline.

e In the largest included study (approximately 320,000 subjects), patients receiving a prescription
for mefloquine were not at increased risk for NPO compared to alternatives. Mefloquine
compared to doxycycline was not associated with an increased relative risk for future NPO in
patients who had a previously documented NPO.

e There was overall consistency in the evidence, i.e., there were no clear outliers in terms of
reported outcomes.

e At the study level (and hence also in the aggregate), the quality of the evidence was low (1 study)
to very low (8 studies) (see Annex 2, Table 1). The important implication of low or very low quality
evidence is that we have lower confidence in effect estimates. Put another way, new evidence is
relatively more likely (compared to higher quality data) to result in meaningful changes in
aggregated measures of outcome.

Our analysis was intentionally limited to military personnel and experimental designs with an appropriate
comparator (doxycycline or AP). Case reports, studies involving only mefloquine, studies with
comparators other than those listed above, and evidence from civilian populations were not included.
This censoring was intentional and appropriate, i.e. the purpose of this chapter was to assess comparative
tolerability of MCP in military personnel. Our findings, however, should be considered against the wider
evidentiary context of harms and benefits of MCP. These are well laid out in the Canadian CPG for malaria
prevention (reference 5.1). Reference 5.15 also provides a brief but useful overview of current evidence
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related to mefloquine as MCP. Summarizing from this study, and consistent with our findings, military-
specific evidence suggests that mefloquine often is not associated with an excess risk of NPO, though an
exception might be personnel with a previous diagnosis. In contrast, evidence for civilian travellers
indicates mefloquine has sometimes been associated with a relative excess of NPO (reference 5.1). This
difference, if real, is noteworthy as it suggests mefloquine might be relatively better tolerated by military
personnel.

5.4.1 Limitations

The analyses undertaken in this chapter has several limitations. First, we applied strict exclusion criteria.
This allowed a focused assessment, but resulted in the exclusion of many studies. Second, we did not
identify evidence (that met our inclusion criteria) specific to Canadian military personnel. It could
therefore be argued that indirectness (see reference 5.7 for definition) reduces confidence in our
conclusions. However, we argue against this for at least two reasons. We included large recent studies
involving US military personnel. While not a perfect surrogate, there is no a priori reason to believe that
results derived from US personnel would not be generalizable to Canadian military personnel. Moreover,
evidence was generally consistent across disparate military populations (US, UK, Italian, Indonesian,
Australian, Swedish and Turkish) and it seems unlikely that this would not also be the case for Canadian
personnel.

The third and perhaps most important limitation of our analyses (implications discussed above) is the low
to very low quality of the included studies. All studies had potential biases (e.g., residual confounding,
lack of blinding, uncertainty about adherence or different rates of adherence to MCP, under
ascertainment, self-reporting, low response rates) and most were limited by small sample size (see Annex
2, Table 1).
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CHAPTER 6 Summary and Recommendations

6.1 General

This Surgeon General’s Task Force Report on Mefloquine provides a detailed overview of the Canadian
Armed Forces’ history and experience with using mefloquine for MCP, an analysis of mefloquine
prescribing practices in the CAF, a detailed analysis of international/national/military guidelines for
malaria prevention through MCP recommendations, and an evidence review of the tolerability/safety of
mefloquine for military personnel compared to alternatives (doxycycline and/or AP).

6.2 Chapter summaries
6.2.1 Summary of chapter 2

The CAF has previously and currently adheres to the Canadian CPG on malaria prevention (reference 6.1).
For areas where the most dangerous form of malaria (Plasmodium falciparum) occurs, the CPG and the
CAF (reference 6.2) generally recommend mefloquine, doxycycline or AP as equally suitable MCP options.
Moreover, and also consistent with the Canadian CPG, the choice of which medication to use is up to the
individual. Such choice, however, is only to be made after careful discussion with a health care provider
and is to include screening for contraindications.

Conclusion #1. The CAF policy on malaria prevention including its approach to use of MCP is consistent
with the Canadian CPG on malaria prevention.

Conclusion #2. As described in the Canadian CPG, mefloquine continues to be a useful MCP agent. In
some cases it is the preferred MCP option, for example because it is specifically recommended for
certain populations (e.g., first trimester of pregnancy), other agents are contraindicated, or individuals
prefer the drug.

The CAF records and analyzes MCP prescriptions. Over the last 15 years, prescription patterns for MCP
have changed dramatically. In the early 2000’s, most prescriptions were for mefloquine. However,
starting in 2004 (coinciding with the availability of AP), this pattern changed with relative rates of use of
mefloquine decreasing and relatively more people receiving prescriptions for AP. Currently, relatively few
CAF personnel receive mefloquine prescriptions, e.g., 1.5% (17 members) of the total prescriptions in
2016. We do not have clear evidence to explain this shift though it likely reflects factors such as:
availability of AP as an option; increasing knowledge of MCP options within the CAF; negative publicity
related to mefloquine; perceived advantages of AP vs comparators (doxycycline and mefloquine), e.g.,
shorter run in and post-return dosing; and, the impact of these factors on personal choice.

Conclusion #3. The pattern of MCP prescribing in the CAF has undergone a dramatic shift. Mefloquine
now accounts for a small minority of prescriptions.

6.2.2 Summary of chapter 3

Our evaluation of the prescribing practices showed that more than 95% of patients prescribed
mefloquine from 1 Dec 2013 to 1 Dec 2016 had medical record documentation indicating that the
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prescription process included a face to face encounter with a clinician. However, only 38% of the records
specifically mentioned that patients were screened for contraindications and precautions. Further, 12%
of patients who were prescribed mefloquine had a potential contraindication or precaution noted in
their chart.

Conclusion #4. The CAF malaria policy is generally being followed, i.e. personnel receiving prescriptions
have a face to face encounter with a clinician. However, there is insufficient documentation of screening
for contraindications and, in some cases, personnel have received a prescription for mefloquine despite
evidence of potential contraindications or precautions in their medical records. These occurrences
represent patient safety incidents that should be investigated.

Recommendation #1. The CAF will develop policies and procedures to enhance screening for
contraindications and precautions related to mefloquine and other MCP agents. This will include a
requirement to improve documentation of these procedures in medical records.

Recommendation #2. A malaria training package should be developed and provided to all authorized
prescribers of malarial chemoprophylactic medications to improve knowledge about malaria in
general, how to prevent it and how to safely prescribe MCP.

Recommendation #3. A formal audit process should be developed and implemented to allow
required patient screening and prescription practices to be monitored for all MCP agents (e.g.,
mefloquine, doxycycline and AP).

6.2.3 Summary of chapter 4

We did not identify, through our review of national and international malaria CPG, substantial deviations
from the Canadian clinical CPG on malaria prevention. We did identify differences among militaries in
their approach to malaria prevention. In particular, some militaries do not adhere to their national CPG
in that mefloquine is not included as a co-option with doxycycline and AP. Explanations for differences
in approach for militaries from national CPG were lacking or were based on reasons other than direct
and evidence-based comparisons of harms and benefits, e.g., operational and/or societal considerations.

Conclusion #5. The Canadian CPG for malaria prevention is consistent with other national and other
international guidelines in that mefloquine is considered a suitable MCP option in most endemic areas
where doxycycline and AP are also considered as suitable choices. However, some militaries consider
mefloquine as a less preferred MCP option.

6.2.4 Summary of chapter 5

We carried out a literature search and evidence review to evaluate tolerability/safety of mefloquine for
military personnel compared to currently recommended alternatives (doxycycline and AP). We also
sought evidence related to impact of MCP on job duties, as well as evidence related to potential long-
term impacts of currently recommended MCP agents on health. Our final analyses were based on nine
studies and approximately 400,000 military personnel. The reviewed body of evidence does not support
that mefloquine is, among military personnel, more poorly tolerated or associated with increased rates
of adverse effects including neuropsychiatric outcomes compared to alternatives. Mefloquine when
compared against doxycycline was usually associated with similar or lower rates of adverse events (and
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similar or relatively higher rates compared to AP). Self-reported rates of compliance with mefloquine
MCP were usually similar or higher than for doxycycline, whereas self-reported rates of impact on day-
to-day activities (and/or discontinuation of MCP due to potentially associated adverse events) were
generally similar or lower for mefloquine than for doxycycline. Compared to doxycycline, mefloquine
was not associated with increased risk of post-traumatic stress disorder (PTSD), depression or suicide.
Compared to AP, there was evidence that mefloquine was associated with increased risk of tinnitus, and
for PTSD among non-deployed personnel. We searched for, but did not find any studies that evaluated
long-term mental health or other neurologic impacts of mefloquine or other MCP agents (doxycycline
and AP) on military personnel; the maximum follow-up time in the reviewed studies was two years after
mefloquine was prescribed. The quality of the included studies was low or very low, meaning that we
have relatively less confidence in the study-specific estimates of effect.

Conclusion #6. Compared to currently recommended alternatives (doxycycline and AP), the body of
evidence suggests mefloquine is not consistently associated with an excess overall risk of adverse
effects, nor is it associated with an excess risk of not being able to perform occupational duties (low to
very low quality evidence). However, for individual adverse effects and within individual studies (see
chapter 5), mefloquine was sometimes associated with a relative excess or relative deficit of AE
compared to AP and doxycycline.

Conclusion #7. We did not identify any evidence (that met our inclusion criteria) addressing potential
long term adverse effects of mefloquine or other MCP agents on health.

Conclusion #8. We did not identify any evidence (that met our inclusion criteria) specific to CAF
personnel. However, we believe the available evidence (comprising approximately 400,000 military
personnel)?* is sufficient to support our conclusions.

Conclusion #9. The currently available data linking MCP to potentially associated adverse effects
extends to approximately two years post-MCP initiation. While this evidence supports our conclusion
that mefloquine is as well tolerated as alternatives by military personnel in the shorter term, it would
be useful to have evidence that addresses potentially associated impacts over the long term. Novel
research, in which appropriate comparators are included, could address this evidence gap.

6.3 General discussion and recommendations

The current CAF approach to use of MCP is consistent with international and national clinical practice
guidelines for malaria prevention. The included scientific evidence (for military populations) does not
support the notion that mefloquine is less safe or less well tolerated than alternatives; or that it has a
relatively greater impact on ability to perform occupational duties. These findings, however, need to be
interpreted in the context of the quality of the evidence, which was assessed as low to very low (on a per
study basis). In this respect, at least two points should be considered. First, lower quality evidence
means that we have less confidence in our findings. Second, there is increased possibility that biases, in
particular residual confounding, might have obscured intervention-based effects.

15 Case reports of series were not included as they represent the lowest level of evidence for observational trials.
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By itself, the reviewed scientific evidence (military populations) does not provide compelling evidence for
or against a change in policy related to use of mefloquine. However, there are other important
considerations in this regard.

- The chart audit indicated that 12% of mefloquine prescriptions were to CAF members with
potential contraindications. These represent patient safety incidents. If this deficiency cannot
be corrected, then maintaining the current approach to use of MCP might result in a relative
increase in harms for use of mefloquine against comparators;

- The large majority of CAF members prescribed MCP are choosing an agent other than
mefloquine. This suggests that the values and preferences of CAF members are for use of MCP
agents other than mefloquine;

- In addition to the above noted limitations related to the quality of the evidence, there is a lack of
research evaluating the long term effects of mefloquine (or other MCP agents) on health. As a
result, we could not address this specific concern through “scientific” assessment;

- The current CAF approach differs from that of many other western militaries;

- There is significant societal and media concern related to mefloquine. If we maintain the status
guo, this attention, whether or not based on science, could erode the confidence that CAF
personnel have in their medical services; and,

- There currently are two alternatives to mefloquine for areas where it is recommended, i.e. AP
and doxycycline. Given that the majority of personnel are choosing to receive these agents,
maintaining mefloquine as a co-option is not considered an operational necessity. In other
words, and presuming adherence to the alternate MCP regimens, we do not believe that
increased reliance on the alternative MCP regimes will result in a meaningful increase in risk of
malaria to CAF personnel.

Recommendation #4. Based on the above-discussed considerations, the Surgeon General’s Task Force
on Mefloquine recommends a change to the CAF policy on malaria prevention. Specifically, we
recommend that AP and doxycycline (and, depending on resistance patterns, chloroquine) be used as
the preferred MCP agents. Further, we recommend that mefloquine be viewed as a less preferred
agent that may be considered:
e When alternatives are considered unsuitable, e.g., due to contraindications to or
intolerance of alternatives.
e For persons who have previously tolerated, indicate a preference for and do not have
contraindications to use of mefloquine as MCP.

Recommendation #5. If Recommendation #4 is accepted by the Surgeon General, the CFHS should

immediately update its policy on malaria prevention to reflect the revised approach to use of
mefloquine.
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Annex 2. Chapter 5 Tables.

Table 1 Description and quality assessment of included studies for assessment of mefloquine, as a malarial chemoprophylaxis,
against doxycycline and/or AP.

Description Sample size Summary Conclusion Strengths, Limitations and
Quality Assessment

Eick-Costetal. 2016. | Mefloquine - For most NPOs (including suicide and Overall risk of NPOs in Strengths:
Retrospective cohort | 36,538 suicide ideation), adjusted rate estimates year following use of
study (US military Doxycycline - among mefloquine recipients were not mefloquine is similar to Very large cohort of military
personnel 2008- 318,421 significantly different from estimates for comparators (doxycycline | personnel increases power to
2013). AP - comparators (doxycycline or AP). and AP). detect differences.

12,881

Data extracted from
US military healthcare
databases.

Outcomes were
neuro-psychiatric
outcomes (NPOs).
Analyses with Poisson
regression models
with adjustment:
denominator was
person years accrued
during each risk
period. Evidence
expressed as
incidence rate ratio
(IRR). IRR of 1
suggests equivalent
rates for the outcome
of interest, whereas
IRR significantly less
than or greater than 1
suggests lower and
higher relative risks,
respectively.

Where there were differences, at least for
the mefloquine against doxycycline
comparison, adjusted rates were more
often relatively lower in the mefloquine
cohort. For example, while the IRR for
anxiety was significantly elevated for
mefloquine compared to doxycycline (1.12;
95% CI = 1.01-1.24) among deployed
personnel; it was lower among
nondeployed personnel for adjustment
disorder, insomnia, anxiety disorder,
depressive disorder, vertigo, and PTSD.
Compared to AP, persons receiving
mefloquine had a relatively elevated IRR for
tinnitus and, among the nondeployed
cohort, for PTSD (IRR = 1.83; 95% CI =
1.07-3.14).

Among individuals with a prior history of
an NPO, the study did not identify a
statistically significant increased risk for
subsequent diagnoses of the same
condition among mefloquine subjects
compared with doxycycline subjects.

For individual NPO where
there is a difference,
mefloquine was generally
associated with lower
rates than doxycycline, and
higher rates than AP.

Based on clinically relevant
diagnoses.

Limitations:

Possibility of under-
ascertainment (of NPO).

Uncertainty that personnel used
MCP.

Possibility of miscoding of data.

Potential for residual
confounding.

Not randomized, nor blinded.

Unblinded clinicians, e.g., there
might have been a NPO
attribution bias in persons
receiving certain agents.




Included deployed
and non-deployed
groups.

Follow-up for one
year (after cessation
of malaria
chemoprophylaxis
(MCP)).

Different baseline NPO rates in
cohorts (potential for bias for
baseline future risk of NPO).

Overall quality of the evidence:
Low quality evidence (risk of
bias)

Tuck etal. 2016.

Mefloquine - 13

No differences in self-reported rates of AE

In this small cohort study,

Strengths: Recent experience

Retrospective cohort | Doxycycline - between different MCP regimes (range: mefloquine was as well with a deployed military

study (UK military 20 23.1%-28%). tolerated as comparators, population.

personnel deployed to | AP - with better self-reported

Sierra Leonne 2014- 118 Self-reported compliance rates highest for rates of compliance. High rates of self-reported

2015). mefloquine (100%); rates were 79% for AP adherence.

and 75% for doxycycline.

Questionnaire based Limitations:

self-report survey on No significant NPOs reported.

MCP tolerability. Low response rate.

337 personnel were Small sample size; power to

eligible, of whom 151 detect differences is poor.

(46.3%) returned

questionnaires. Generalizability.
Not randomized, nor blinded.
Self-reporting.
Overall assessment: Very low
quality evidence (serious risk of
bias, serious risk of imprecision).

Terrell et al. 2015. Mefloquine - Self-reported rates of AE were common, Compared to doxycycline, Strengths:

Prospective cohort 938 though usually did not affect job functions. | personnel in the

study (UK military Doxycycline - mefloquine were less likely | Recent experience with a

personnel deployed to | 752 Nearly twice as many respondents to self-report impact on deployed military population.

Kenya during 2012 AP - indicated that they believed doxycycline ability to perform job

and 2014). 122 interfered with their job functions functions.
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Questionnaire based
self-report survey on
MCP tolerability
(mefloquine against
doxycycline). The
survey was
administered while
personnel were
returning from a
training exercise.
Response rate was
low.

Emphasis was placed
on impact on job
functions.

compared to those receiving mefloquine
(22.2% vs 12.6%).

There were high levels of compliance with
MCP in both arms (>90%).

High rates of self-reported
adherence.

Limitations:

Low response rate.
Generalizability.

Not randomized, nor blinded.
Self-reporting.

Overall assessment: Very low

quality evidence (serious risk of
bias, risk of imprecision).

Saunders et al. 2015.

Retrospective cohort
study (US military
personnel returning
from Afghanistan to
Fort Drum 2006 to
2007).

Questionnaire based
self-report survey on
MCP tolerability
(primarily mefloquine
against doxycycline).
Surveys provided
during redeployment
medical screening.

Response rate was ca.
90% (2,351/2,601)
and large majority of
respondents (>90%)
had not previously

Mefloquine -
596
Doxycycline -
2011

AP -

78

Self-reported AE were common (ca. 33%)
in personnel receiving doxycycline or
mefloquine. For mefloquine, the most often
reported AE were NPOs, e.g,, vivid dreams,
whereas for doxycycline it was GI effects,
e.g., nausea and diarrhea.

Self-reported rate of discontinuation due to
potentially associated AE was higher for
doxycycline (10%) than mefloquine (4%).

Self-reported rate of compliance was lower
for doxycycline (60%) than for mefloquine
(80%).

While rates of AE were

similar for mefloquine and
doxycycline, impact of AE

(as indicated by
discontinuation) was
higher for doxycycline.

Strengths:

Deployed military population.
High response rate.

Limitations:

Not randomized, nor blinded.
Mefloquine was generally used as
a second line treatment, i.e. for
those who had initially received
doxycycline (bias).
Generalizability.

Self-reporting.

Overall assessment: Very low

quality evidence (serious risk of
bias, risk of imprecision).

54/66




taken
chemoprophylaxis.

Andersson et al. Mefloquine - Self-reported AE were relative more Self-reported rates of AE Strengths:

2008. Retrospective 488 frequent for mefloquine compared to AP, were more frequent from

cohort study AP - e.g., 57% reported at least one adverse mefloquine compared to Deployed military population.

(Swedish military 121 event (most commonly reported were AP. However, impact on

personnel returning nightmares and sleep disturbance) for work duties were, if High response rate.

from Liberia to mefloquine compared to 34% for AP (most | anything, more frequent

Sweden 2004 to commonly reported was sleep disturbance, | for AP. High rates of self-reported

2006). followed by stomach pain). adherence.

Questionnaire based

self-report survey on 2% of persons in the mefloquine cohort and Limitations:

MCP tolerability 6% of persons in the AP cohort reported

(mefloquine against potentially associated impacts on work Not randomized, nor blinded.

AP). Surveys activities.

provided during Self-reporting.

redeployment Of those taking mefloquine, 79% stated that

medical screening. they would take it again, 7% would not, Estimates not adjusted for lack of
13% might, and 1% did not know. In the contemporaneity, e.g., AP only

Response rate >80%. atovaquone/proguanil group, the used in the latter rotos.

High rates of corresponding figures were 93%, 1%, 4%,

adherence to MCP and 1%, respectively. Small sample size.

regimes (>90%). No

soldiers reported No serious associated adverse events, Generalizability.

giving up MCP defined as need of hospitalization or

altogether. medical treatment, were recorded. Overall assessment: Very low

quality evidence (serious risk of

No association was found with mefloquine bias, risk of imprecision).
use and medical evacuation for NPOs.

Sonmez et al. 2005. Mefloquine - Self-reported AE were relatively more often | Mefloquine, compared to Strengths:

Cohort study (Turkish | 226 reported in personnel taking doxycycline doxycycline, was

military personnel Doxycycline - (59%) compared to mefloquine (41.2%). associated with lower self- | Deployed military population.

deployed to 506 Potentially associated GI AE were more reported rates of

Afghanistan in 2002). commonly reported in the doxycycline potentially associated AE. High rates of self-reported

Questionnaire based
self-report survey on

cohort, as were NPOs (at week 2, but not
week 6).

Doxycycline was
associated with a higher

adherence.

MCP tolerability rate of MCP Limitations:
(mefloquine against Among soldiers who did not take MCP, discontinuation.
doxycycline). 27.6% in the doxycycline group compared Not randomized, nor blinded.
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Administered during
deployment.

Response rate 52%
(734/1400).

to 11. 4% in the mefloquine group, did so
because of (self-reported) potentially
associated AE.

High rates of self-reported compliance (ca.
80% for both drugs).

No reports of drug related severe AE.

Use of doxycycline and
mefloquine were not
contemporaneous.

Relatively low response rate (ca.
50%).

Self-reporting.

Generalizability.

Small sample size.

Overall assessment: Very low
quality evidence (serious risk of

bias, risk of imprecision, serious
indirectness).

Kitchener et al.
2005. Prospective
cohort study
(Australian military
personnel deployed to
East Timor 2001 to
2002).

After 6 months of
deployment,
personnel received a
medical questionnaire
and structured
interview
(mefloquine against
doxycycline).

Mefloquine -
1157
Doxycycline -
388

The proportion of deployed personnel
reporting at least one potentially associated
AE was similar for mefloquine and
doxycycline (ca. 56%). The most commonly
reported adverse effects for both drugs
were: sleep disturbance; headache;
tiredness and nausea. 94% of respondents
using mefloquine indicated they would do
so again, compared 89% for doxycycline.

Mefloquine, compared to
doxycycline, was
associated with similar
self-reported rates of
potentially associated AE
and, based on willingness
to use again, might have
been associated with
higher user acceptability.

Strengths:

Deployed military population.
Limitations:

Not randomized, nor blinded.
Adherence unknown.
Self-reporting.

Generalizability.

Unbalanced design, e.g., evidence
for doxycycline only reported for

second part of trial.

Small sample size.
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Overall assessment: Very low
quality evidence (serious risk of
bias, risk of imprecision).

Ohrtetal. 1997.

Mefloquine - 68

Mefloquine and doxycycline were

Doxycycline, compared to

Strengths:

Randomized, double- | Doxycycline - significantly better tolerated than placebo mefloquine, was associated

blind, placebo- 67 (based on potentially associated AE). with a lower (overall) self- | Deployed military population.

controlled Placebo - 69 Doxycycline, compared to mefloquine, was | reported rate of AE.

field trial of associated with relatively fewer potentially Randomized and blinded.

chemoprophylaxis of associated AE.

malaria (Indonesian Directly observed therapy.

military personnel Overall attack rate in placebo group was

1994). high, e.g., 77% by conclusion of study. Both Limitations:

MCP agents were highly efficacious.

Tolerability assessed Self-reporting.

through self-report

AE, a self-report Generalizability.

questionnaire and in-

depth investigation of Small sample size.

individuals who

discontinued drug Residual confounding,

(mefloquine against explanation for reduced

doxycycline). tolerability of placebo (e.g.,
authors posit protective effect of
doxycycline against other
pathogens; possibility that high
attack in placebo resulting in
confounding of malaria
associated effects with placebo-
associated AE, placebo group had
shorter follow-up, analysis did
not adjust estimates for potential
confounding).
Overall assessment: Very low
quality evidence (serious risk of
bias, risk of imprecision).

Sanchez et al. 1993. | Mefloquine - Doxycycline associated with higher Mefloquine, compared to Strengths:

Retrospective cohort | 344 incidence of self-reported photosensitivity | doxycycline, was

study (US military Doxycycline - associated with a lower Deployed military population.
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personnel in Somalia
1992-1993).

Questionnaire based
self-report survey on
MCP tolerability
(mefloquine against
doxycycline). Surveys
provided before
redeployment.

52

(21.2% vs 5.2%) and gastrointestinal
(34.6% vs. 12.8%) AE than mefloquine.

Lightheadedness was relatively more
frequently associated with doxycycline
(19.2% vs 10.5%) without differences in
the self-reported prevalence of nightmares
or bad dreams (7.8% in both groups).

Self-reported adherence with mefloquine
was higher than for doxycycline (98%
compared to 81%).

No AE requiring hospitalization were
reported.

(overall) self-reported rate
of AE.

High self-reported rate of
adherence.

Contemporaneous with Canadian
deployment to Somalia.

Limitations:

Not randomized or blinded (bias).
Small sample size.

Self-reporting.

Generalizability.

Overall assessment: Very low

quality evidence (serious risk of
bias, risk of imprecision).
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Table 2 Summary of outcomes, mefloquine (MQ) against doxycycline (doxy) and/or atovaquone-proguanil (AP). Assessment
based on a qualitative review of overall study results. In some cases, a specific outcome(s) might have deviated from the
overall tendency for a study. For example, in Eick-Cost et al., rate estimates for most neuropsychiatric outcomes (NPO)
associated with MQ were similar to or less than for doxy, though a single outcome, anxiety, was relatively elevated for MQ.
This type of finding is indicated by a “*” appended to the overall study result. The other symbols mean the following: >, MQ
associated with relatively fewer AE than comparator; <, MQ associated with relatively more AE than comparator; =, MQ and
comparator associated with similar rates of AE; symbols can be combined where consideration is of multiple outcomes. **,
there were relatively more potentially associated NPO AE with mefloquine and relatively more potentially associated GI AE
with doxycycline. N/A, not applicable as comparator not included or comparison not made. ***, MQ and doxy associated with
relatively fewer self-reported AE than placebo.

Study Population | Safety MQ vs Doxy | Safety MQ vs AP Work function MQ | Work function MQ
vs Doxy vs AP

Eick-Cost et al. US military MQ = Doxy* MQ < AP N/A N/A

2016.

Tuck et al. 2016. UK military MQ = Doxy MQ = AP MQ > Doxy N/A

Terrell et al. 2015. UK military MQ = Doxy** N/A MQ > Doxy N/A

Saunders et al. US military MQ = Doxy** N/A MQ > Doxy N/A

2015.

Andersson et al. Swedish N/A MQ < AP N/A MQ > AP

2008. military

Sonmez et al. 2005. | Turkish MQ > Doxy N/A MQ > Doxy N/A
military

Kitchener et al. Australian MQ = Doxy N/A N/A N/A

2005. military

Ohrt et al. 1997. Indonesian MQ < Doxy*** N/A N/A N/A
military

Sanchez et al. 1993. | US military MQ > Doxy N/A N/A N/A

59/66




Annex 3. Recommendations for use of chemoprophylaxis - selected international,
national and military guidelines.

International
World Health World Health Organization Areas with chloroquine resistant P. falciparum: mefloquine, doxycycline or
Organization atovaquone-proguanil (AP).16
http://www.who.int/ith/2016-ith-
county-list.pdf?ua=1 (reference
4.3) Process for developing recommendations not described.
(accessed 11/01/2017)
International [AMAT Areas with chloroquine resistant P. falciparum: mefloquine, doxycycline or AP.
Association for
Medical https://www.iamat.org/elibrar | Process for developing recommendations not described.
Assistance to y/view/id/1376 (reference
Travellers 4.4)
(IAMAT)
(accessed 11/01/2017)
National
Canada Public Health Agency of Canada | Areas with chloroquine resistant P. falciparum: mefloquine, doxycycline or AP.
(Committee to Advise on
Tropical Medicine and Travel) MCP recommendations developed through a narrative process combined with
an evidence-based medicine schema and expert opinion.
http://www.publications.gc.ca
site/eng/463465 /publication.h
tml (reference 4.2)

®For international and national recommendations, medical screening (e.g., for contraindication and precautions) to determine suitability of potential MCP agents
is emphasized.
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http://www.who.int/ith/2016-ith-county-list.pdf?ua=1
http://www.who.int/ith/2016-ith-county-list.pdf?ua=1
https://www.iamat.org/elibrary/view/id/1376
https://www.iamat.org/elibrary/view/id/1376
http://www.publications.gc.ca/site/eng/463465/publication.html
http://www.publications.gc.ca/site/eng/463465/publication.html
http://www.publications.gc.ca/site/eng/463465/publication.html

(accessed 11/01/2017)

United States

United States Department of
Health and Human Services (US
Centers for Disease Control and
Prevention (US CDC) - Division
of Global Migration and
Quarantine).

http://wwwnc.cdc.gov/travel
ellowbook/2016/infectious-
diseases-related-to-

travel/malaria (reference4.5)

(accessed 11/01/2017)

Areas with chloroquine resistant P. falciparum: mefloquine, doxycycline or AP.

US CDC indicates guidance is evidence-based and reflect best practice, but does
not provide documentation to describe the process by which MCP
recommendations are made.

United Kingdom

Public Health England
(Advisory Committee on
Malaria Prevention).

https://www.gov.uk/governme

nt/publications/malaria-

prevention-guidelines-for-
travellers-from-the-uk

(reference 4.6)

(accessed 11/01/2017)

Areas with chloroquine resistant P. falciparum: mefloquine, doxycycline or AP.

MCP recommendations informed by baseline risk to travellers, but ultimately
decided based on expert opinion.

Australia

Northern Territory Government

http://digitallibrary.health.nt.g

ov.au/prodjspui/bitstream /101
37/555/1/Guidelines%20for%
20Malaria%202012.pdf
(reference 4.7)

(accessed 11/01/2017)

Territorial recommendations used as a surrogate.

Areas with chloroquine resistant P. falciparum: mefloquine, doxycycline or AP
(Follows US CDC and WHO guidelines).

Methodologic process as per US CDC and WHO.
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http://wwwnc.cdc.gov/travel/yellowbook/2016/infectious-diseases-related-to-travel/malaria
http://wwwnc.cdc.gov/travel/yellowbook/2016/infectious-diseases-related-to-travel/malaria
http://wwwnc.cdc.gov/travel/yellowbook/2016/infectious-diseases-related-to-travel/malaria
http://wwwnc.cdc.gov/travel/yellowbook/2016/infectious-diseases-related-to-travel/malaria
https://www.gov.uk/government/publications/malaria-prevention-guidelines-for-travellers-from-the-uk
https://www.gov.uk/government/publications/malaria-prevention-guidelines-for-travellers-from-the-uk
https://www.gov.uk/government/publications/malaria-prevention-guidelines-for-travellers-from-the-uk
https://www.gov.uk/government/publications/malaria-prevention-guidelines-for-travellers-from-the-uk
http://digitallibrary.health.nt.gov.au/prodjspui/bitstream/10137/555/1/Guidelines%20for%20Malaria%202012.pdf
http://digitallibrary.health.nt.gov.au/prodjspui/bitstream/10137/555/1/Guidelines%20for%20Malaria%202012.pdf
http://digitallibrary.health.nt.gov.au/prodjspui/bitstream/10137/555/1/Guidelines%20for%20Malaria%202012.pdf
http://digitallibrary.health.nt.gov.au/prodjspui/bitstream/10137/555/1/Guidelines%20for%20Malaria%202012.pdf

France

Avis du Haut Conseil de la santé
publique.

http://invs.santepubliquefranc
e.fr//fr/Publications-et-
outils/BEH-Bulletin-
epidemiologique-
hebdomadaire/Archives/2016/
BEH-hors-serie-
Recommandations-sanitaires-
pour-les-voyageurs-2016
(reference 4.8)

(accessed 11/01/2017)

Areas of chloroquine-resistant P. falciparum: mefloquine (if medically suitable),
doxycycline or AP

MCP recommendations informed by baseline risk to travellers, but ultimately
decided based on expert opinion.

Germany

German Society for Tropical
Medicine and International
Health

http://www.dtg.org/3.html;
https: //www.klinikum.uni-
heidelberg.de/fileadmin/inst h
ygiene/tropenhygiene/Tropena
mbulanz/PDF/DTG Malaria 20

16.pdf
(reference 4.9)

(accessed 11/01/2017)

Areas of chloroquine-resistant P. falciparum: mefloquine (if medically suitable),
doxycycline or AP

Process for developing recommendations not described.

Switzerland

https://www.bag.admin.ch/da
m/bag/fr/dokumente/mt/i-
und-b/richtlinien-
empfehlungen/empfehlungen-

risikogruppen-
risikosituationen/malariaschut

z-kurzzeitaufenthalter-bis-3-

Areas of chloroquine-resistant P. falciparum: mefloquine (if medically suitable),
doxycycline or AP.

MCP recommendations informed by baseline risk to travellers and explicit
thresholds set by guideline panel. No clear indication of how thresholds were
set (from discussion in guideline, it can be inferred that it is based on the
likelihood of serious AE (estimated at 1/10,000) associated with MCP).
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http://invs.santepubliquefrance.fr/fr/Publications-et-outils/BEH-Bulletin-epidemiologique-hebdomadaire/Archives/2016/BEH-hors-serie-Recommandations-sanitaires-pour-les-voyageurs-2016
http://invs.santepubliquefrance.fr/fr/Publications-et-outils/BEH-Bulletin-epidemiologique-hebdomadaire/Archives/2016/BEH-hors-serie-Recommandations-sanitaires-pour-les-voyageurs-2016
http://invs.santepubliquefrance.fr/fr/Publications-et-outils/BEH-Bulletin-epidemiologique-hebdomadaire/Archives/2016/BEH-hors-serie-Recommandations-sanitaires-pour-les-voyageurs-2016
http://invs.santepubliquefrance.fr/fr/Publications-et-outils/BEH-Bulletin-epidemiologique-hebdomadaire/Archives/2016/BEH-hors-serie-Recommandations-sanitaires-pour-les-voyageurs-2016
http://invs.santepubliquefrance.fr/fr/Publications-et-outils/BEH-Bulletin-epidemiologique-hebdomadaire/Archives/2016/BEH-hors-serie-Recommandations-sanitaires-pour-les-voyageurs-2016
http://invs.santepubliquefrance.fr/fr/Publications-et-outils/BEH-Bulletin-epidemiologique-hebdomadaire/Archives/2016/BEH-hors-serie-Recommandations-sanitaires-pour-les-voyageurs-2016
http://invs.santepubliquefrance.fr/fr/Publications-et-outils/BEH-Bulletin-epidemiologique-hebdomadaire/Archives/2016/BEH-hors-serie-Recommandations-sanitaires-pour-les-voyageurs-2016
http://invs.santepubliquefrance.fr/fr/Publications-et-outils/BEH-Bulletin-epidemiologique-hebdomadaire/Archives/2016/BEH-hors-serie-Recommandations-sanitaires-pour-les-voyageurs-2016
http://www.dtg.org/3.html
https://www.klinikum.uni-heidelberg.de/fileadmin/inst_hygiene/tropenhygiene/Tropenambulanz/PDF/DTG_Malaria_2016.pdf
https://www.klinikum.uni-heidelberg.de/fileadmin/inst_hygiene/tropenhygiene/Tropenambulanz/PDF/DTG_Malaria_2016.pdf
https://www.klinikum.uni-heidelberg.de/fileadmin/inst_hygiene/tropenhygiene/Tropenambulanz/PDF/DTG_Malaria_2016.pdf
https://www.klinikum.uni-heidelberg.de/fileadmin/inst_hygiene/tropenhygiene/Tropenambulanz/PDF/DTG_Malaria_2016.pdf
https://www.klinikum.uni-heidelberg.de/fileadmin/inst_hygiene/tropenhygiene/Tropenambulanz/PDF/DTG_Malaria_2016.pdf
https://www.bag.admin.ch/dam/bag/fr/dokumente/mt/i-und-b/richtlinien-empfehlungen/empfehlungen-risikogruppen-risikosituationen/malariaschutz-kurzzeitaufenthalter-bis-3-monate.pdf.download.pdf/malaria-2016-prophylaxie.pdf
https://www.bag.admin.ch/dam/bag/fr/dokumente/mt/i-und-b/richtlinien-empfehlungen/empfehlungen-risikogruppen-risikosituationen/malariaschutz-kurzzeitaufenthalter-bis-3-monate.pdf.download.pdf/malaria-2016-prophylaxie.pdf
https://www.bag.admin.ch/dam/bag/fr/dokumente/mt/i-und-b/richtlinien-empfehlungen/empfehlungen-risikogruppen-risikosituationen/malariaschutz-kurzzeitaufenthalter-bis-3-monate.pdf.download.pdf/malaria-2016-prophylaxie.pdf
https://www.bag.admin.ch/dam/bag/fr/dokumente/mt/i-und-b/richtlinien-empfehlungen/empfehlungen-risikogruppen-risikosituationen/malariaschutz-kurzzeitaufenthalter-bis-3-monate.pdf.download.pdf/malaria-2016-prophylaxie.pdf
https://www.bag.admin.ch/dam/bag/fr/dokumente/mt/i-und-b/richtlinien-empfehlungen/empfehlungen-risikogruppen-risikosituationen/malariaschutz-kurzzeitaufenthalter-bis-3-monate.pdf.download.pdf/malaria-2016-prophylaxie.pdf
https://www.bag.admin.ch/dam/bag/fr/dokumente/mt/i-und-b/richtlinien-empfehlungen/empfehlungen-risikogruppen-risikosituationen/malariaschutz-kurzzeitaufenthalter-bis-3-monate.pdf.download.pdf/malaria-2016-prophylaxie.pdf
https://www.bag.admin.ch/dam/bag/fr/dokumente/mt/i-und-b/richtlinien-empfehlungen/empfehlungen-risikogruppen-risikosituationen/malariaschutz-kurzzeitaufenthalter-bis-3-monate.pdf.download.pdf/malaria-2016-prophylaxie.pdf

monate.pdf.download.pdf/mala

ria-2016-prophylaxie.pdf
(reference 4.10)

(accessed 11/01/2017)

Netherlands

http://www.mmmig.nl/static/fileb
ank/aa7250d5010c1cf84eaaaab8f
a39f17a/2015-feb-Icr-malaria-
profylaxe-bulletin.pdf

http://www.rivm.nl/Documenten
en_publicaties/Professioneel Pra
ktisch/Richtlijnen/Infectieziekten/
LCI richtlijnen/LCI richtlijn_Ma
laria (reference 4.19)

(accessed 15/01/2017)

Areas of chloroquine-resistant P. falciparum: mefloquine (if medically suitable),
or AP; doxycycline as a second line agent.

Military

Canadian Armed
Forces

D FHP Standard
#CDCP/2011/27: Malaria
Chemoprophylaxis in the
Canadian Forces
(reference 4.1)

(accessed 11/01/2017)

Areas of chloroquine-resistant P. falciparum: mefloquine, doxycycline or AP.

Approach is to follow the national clinical practice guidelines for malaria
prevention.

“The prescription for a specific MCP for an individual must be based on an
assessment of the individual’s travel itinerary, malaria drug resistance in the
region being visited, his/her underlying health status, other medications being
taken, and the risk of adverse drug reactions. CATMAT Guidelines provides
guidance on: risk assessment (chapter 2); selection of a MCP regimen for
individuals in general (chapter 4); malaria prevention for women who are
pregnant or breast-feeding (chapter5); malaria prevention for individuals with
co-morbidities (chapter5); and the indications/ efficacy/ adverse effects/
contraindications/ precautions of the specific drugs (chapter 8). After suitable
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https://www.bag.admin.ch/dam/bag/fr/dokumente/mt/i-und-b/richtlinien-empfehlungen/empfehlungen-risikogruppen-risikosituationen/malariaschutz-kurzzeitaufenthalter-bis-3-monate.pdf.download.pdf/malaria-2016-prophylaxie.pdf
https://www.bag.admin.ch/dam/bag/fr/dokumente/mt/i-und-b/richtlinien-empfehlungen/empfehlungen-risikogruppen-risikosituationen/malariaschutz-kurzzeitaufenthalter-bis-3-monate.pdf.download.pdf/malaria-2016-prophylaxie.pdf
http://www.mmmig.nl/static/filebank/aa7250d5010c1cf84eaaaa68fa39f17a/2015-feb-lcr-malaria-profylaxe-bulletin.pdf
http://www.mmmig.nl/static/filebank/aa7250d5010c1cf84eaaaa68fa39f17a/2015-feb-lcr-malaria-profylaxe-bulletin.pdf
http://www.mmmig.nl/static/filebank/aa7250d5010c1cf84eaaaa68fa39f17a/2015-feb-lcr-malaria-profylaxe-bulletin.pdf
http://www.mmmig.nl/static/filebank/aa7250d5010c1cf84eaaaa68fa39f17a/2015-feb-lcr-malaria-profylaxe-bulletin.pdf
http://www.rivm.nl/Documenten_en_publicaties/Professioneel_Praktisch/Richtlijnen/Infectieziekten/LCI_richtlijnen/LCI_richtlijn_Malaria
http://www.rivm.nl/Documenten_en_publicaties/Professioneel_Praktisch/Richtlijnen/Infectieziekten/LCI_richtlijnen/LCI_richtlijn_Malaria
http://www.rivm.nl/Documenten_en_publicaties/Professioneel_Praktisch/Richtlijnen/Infectieziekten/LCI_richtlijnen/LCI_richtlijn_Malaria
http://www.rivm.nl/Documenten_en_publicaties/Professioneel_Praktisch/Richtlijnen/Infectieziekten/LCI_richtlijnen/LCI_richtlijn_Malaria
http://www.rivm.nl/Documenten_en_publicaties/Professioneel_Praktisch/Richtlijnen/Infectieziekten/LCI_richtlijnen/LCI_richtlijn_Malaria

information transfer, the individual can make a personal decision on which of the
MCP drug options he/she wishes to be prescribed”.

Currently, < 5% of annual MCP prescriptions are for mefloquine (over last
several years, generally < 50 prescriptions/annum).

United States
DoD

Assistant Secretary of Defense -
Health Affairs

http://www.health.mil /librarie

s/HA Policies and Guidelines/
13-002.pdf (reference 4.11)

(accessed 11/01/2017)

Areas of chloroquine-resistant P. falciparum: doxycycline or AP; for individuals
with intolerance or contraindications to both of these agents, mefloquine as an
alternative.

“Atovaquone-proguanil and doxycycline are considered first line
chemoprophylaxis medications in chloroquine-resistant malaria risk areas”.

“Mefloquine should be reserved for individuals with intolerance or
contraindications to both first-line medications. Before using mefloquine for
prophylaxis, care should be taken to identify any contraindications on an
individual basis and ensure the U.S. Food and Drug Administration (FDA)-
required patient information handouts are available for distribution”

Rationale for difference in approach compared to national clinical practice
guidelines not explained.

Currently, < 1% of annual MCP prescriptions are for mefloquine (in 2015, 164
prescriptions in total).

Australian
Defence Force

http: //www.defence.gov.au/He
alth /HealthPortal/Malaria/Anti
malarial medications/Mefloqui
ne/default.asp (reference 4.12)

(accessed 11/01/2017)

Previously, ADF policy was
articulated in the Surgeon

Areas of chloroquine-resistant P. falciparum: doxycycline otherwise AP; if
doxycycline or AP not suitable, then mefloquine. Before licensing of AP (2006),
doxycycline then mefloquine.

Currently, < 1% of annual MCP prescriptions are for mefloquine (= 15
prescriptions in 2015 and 4 prescriptions in 2016).
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http://www.health.mil/libraries/HA_Policies_and_Guidelines/13-002.pdf
http://www.health.mil/libraries/HA_Policies_and_Guidelines/13-002.pdf
http://www.health.mil/libraries/HA_Policies_and_Guidelines/13-002.pdf
http://www.defence.gov.au/Health/HealthPortal/Malaria/Antimalarial_medications/Mefloquine/default.asp
http://www.defence.gov.au/Health/HealthPortal/Malaria/Antimalarial_medications/Mefloquine/default.asp
http://www.defence.gov.au/Health/HealthPortal/Malaria/Antimalarial_medications/Mefloquine/default.asp
http://www.defence.gov.au/Health/HealthPortal/Malaria/Antimalarial_medications/Mefloquine/default.asp

General Australian Defence
Force Health Directive No 215

http://www.navy.gov.au/reser

Rationale for approach to use of MCP in ADF was articulated (last accessed
30/09/2013) in appendix 2 to Annex A of HD 125 as:

For deployments < 6 months

ves/e-
docs/DATA/ADFPUBS/HPD/H
D215.pdf (link is no longer
active)

(last accessed 30/09/2013)

- doxycycline is first line drug, advantage stated as “...antibiotic properties also
prevent typhus, leptospirosis, and some gastro-intestinal, urinary tract and skin
infections”.

- Malarone is the second-line drug for individuals who are intolerant of
doxycycline.

- “Mefloquine (Lariam®) has also been used for Defence members who are unable
to take doxycycline. Due to the wide-spread public perception of severe
mefloquine adverse events, mefloquine is best used only by those who have
previously tolerated the medication. Any Defence member starting mefloquine for
the first time is to be warned about the possibility of severe central nervous
system adverse effects which means mefloquine is contraindicated in many
military occupations”.

UK MoD

https://www.gov.uk/governme

nt/uploads/system /uploads/at

tachment data/file/491134/20
160112 Adhoc Statistical Bulle

tin Mefloquine prescribing in t

he UK Armed Forces -O.pdf
(reference 4.13)

(accessed 12/01/2017)

Areas of chloroquine-resistant P. falciparum: chloroquine-proguanil,
mefloquine, doxycycline or AP.

Approach is to follow the national clinical practice guidelines for malaria
prevention.

UK MoD has indicated that its recommendations for malaria prevention are
under review
(http://www.publications.parliament.uk/pa/cm201617/cmselect/cmdfence/648/648.p
df, accesses 12/10/2017).

“The MOD use a range of prevention drugs in line with the guidance provided by
Public Health England’s Advisory Committee on Malaria Prevention (ACMP) to
ensure the treatment provided is going to be the most effective.

The Ministry of Defence needs to be able to use the most appropriate drug for the
areas to where our people deploy to help ensure their protection against this
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http://www.navy.gov.au/reserves/e-docs/DATA/ADFPUBS/HPD/HD215.pdf
http://www.navy.gov.au/reserves/e-docs/DATA/ADFPUBS/HPD/HD215.pdf
http://www.navy.gov.au/reserves/e-docs/DATA/ADFPUBS/HPD/HD215.pdf
http://www.navy.gov.au/reserves/e-docs/DATA/ADFPUBS/HPD/HD215.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/491134/20160112_Adhoc_Statistical_Bulletin_Mefloquine_prescribing_in_the_UK_Armed_Forces_-O.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/491134/20160112_Adhoc_Statistical_Bulletin_Mefloquine_prescribing_in_the_UK_Armed_Forces_-O.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/491134/20160112_Adhoc_Statistical_Bulletin_Mefloquine_prescribing_in_the_UK_Armed_Forces_-O.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/491134/20160112_Adhoc_Statistical_Bulletin_Mefloquine_prescribing_in_the_UK_Armed_Forces_-O.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/491134/20160112_Adhoc_Statistical_Bulletin_Mefloquine_prescribing_in_the_UK_Armed_Forces_-O.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/491134/20160112_Adhoc_Statistical_Bulletin_Mefloquine_prescribing_in_the_UK_Armed_Forces_-O.pdf
http://www.publications.parliament.uk/pa/cm201617/cmselect/cmdfence/648/648.pdf
http://www.publications.parliament.uk/pa/cm201617/cmselect/cmdfence/648/648.pdf
http://www.publications.parliament.uk/pa/cm201617/cmselect/cmdfence/648/648.pdf

disease. The choice of prescribed treatment depends upon a number of factors
including:
- the region to which personnel are being deployed
- theindividual’s medical history, for example, past history of side effects or
contraindications to the drug.

Drug options include Chloroquine; Chloroquine plus Proguanil; Mefloquine
(Lariam); Doxycycline; and Atovaquone plus Proguanil (Malarone®)”

Between April 2007 and 2015, 16% of annual MCP prescriptions were for
mefloquine (17,368 prescriptions in total).

French military

Source:
http://opac.invs.sante.fr/doc n

um.php?explnum id=1497

Source :
https://jeanyvesnau.com/2015
/08/19/lariam-les-militaires-
francais-sont-proteges-contre-

ses-effets-psychiatriques-quen-
est-il-des-civils/

Doxycycline as MCP; mefloquine as an alternative.

“Une prophylaxie médicamenteuse compléte ces mesures. Avant 2001, la
prophylaxie préconisée était l'association chloroquine-proguanil. De 2001 a
octobre 2002 deux schémas étaient utilisés : I'association chloroquine-proguanil
pour les militaires en séjour de longue durée (deux ans) et la méfloquine pour les
militaires en mission de courte durée (quatre mois). A partir de fin octobre 2002,
la prophylaxie a été standardisée avec utilisation pour tous les militaires du
monohydrate de doxycycline. Quelle que soit la prophylaxie, elle devait étre
poursuivie quatre semaines au retour”

Nous annoncions alors que nous chercherions a savoir ce qu'il en est des militaires
et autres agents secrets francais. La réponse n’a pas tardé, grdce a 'efficacité du
« bureau communication » du Service de Santé des Armées (SSA):

“Pour tous militaires frangais partant en opération, le SSA prescrit la doxycycline,
nous a-t-on répondu. Et ce depuis une quinzaine d’années. Pour autant le
Lariam® n’a pas été abandonné : il peut toujours étre utilisé - en deuxiéme
recours, en cas d’intolérance a la doxycycline*
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https://jeanyvesnau.com/2015/08/19/lariam-les-militaires-francais-sont-proteges-contre-ses-effets-psychiatriques-quen-est-il-des-civils/
https://jeanyvesnau.com/2015/08/19/lariam-les-militaires-francais-sont-proteges-contre-ses-effets-psychiatriques-quen-est-il-des-civils/
https://jeanyvesnau.com/2015/08/19/lariam-les-militaires-francais-sont-proteges-contre-ses-effets-psychiatriques-quen-est-il-des-civils/
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