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February 13, 2016
Dear Mr. Mulhall,

| refer to your correspondence from February 10, 2016 (Attachment 1), in which
you advised that a Working Group led by your department is examining issues
related to malaria chemoprophylaxis. You had advised further that you would
accept material to be considered by the group. | am pleased to submit this brief
report for the group’s consideration.

1. Credentials and Professional Experience

The following information is provided to briefly establish my credentials and
professional experience in this area. A full Curriculum Vitae is enclosed
(Attachment 2). | earned a BSc (Honours) in Theoretical Physiology from the
University of Toronto, Toronto, Canada; an MD from the Uniformed Services
University of the Health Sciences, Bethesda, Maryland, where | was awarded the
Captain Richard R. Hooper Award in Preventive Medicine; and an MPH from the
Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland, where |
was elected an Alumni Inductee of the Delta Omega Honor Society, Alpha
Chapter and was later recognized with an Outstanding Recent Graduate award. |
attended residency training in Preventive Medicine at the Walter Reed Army
Institute of Research where | was awarded the George Miller Sternberg Award in
Preventive Medicine. | am licensed to practice medicine in the states of New
York and Maryland and am board certified in Public Health and General
Preventive Medicine by the American Board of Preventive Medicine. | am also
Certified in Public Health by the National Board of Public Health Examiners.



In September 2012, | completed a 14 year career in the U.S. military that
included overseas service in malaria-endemic areas of Afghanistan and Africa.
During this time, | published over 40 scientific and medical publications, including
8 peer-reviewed manuscripts and 11 letters in scientific and medical journals
specifically on the topics of mefloquine or malaria. This work, including a
manuscript in the journal Travel Medicine and Infectious Disease that constituted
the first clinical case description of a syndrome of toxic encephalopathy and
neurotoxic central nervous system (CNS) injury resulting from prophylactic use of
mefloquine, has broadly informed changing U.S. military policy on the use of
mefloquine in the prevention of malaria. In June 2012, while on active duty, |
testified to the U.S. Senate Appropriations Subcommittee on Defense on issues
related to mefloquine CNS toxicity.

Since my leaving the U.S. military, | have co-authored the first manuscript in the
psychiatric literature on the forensic application of claims of mefloquine CNS
toxicity, which appears in the Journal of the American Academy of Psychiatry
and the Law. | have also authored a book chapter in the U.S. Army’s Textbook of
Military Medicine series titled Mefloquine and Posttraumatic Stress Disorder
(Attachment 3), and have co-authored a book chapter titled The Mefloquine
Intoxication Syndrome: A Significant Potential Confounder in the Diagnosis and
Management of PTSD and Other Chronic Deployment-Related Neuropsychiatric
Disorders, which appears in the book Post-Traumatic Stress Disorder and
Related Diseases in Combat Veterans, published by Springer International. In
January 2013 | was invited by the Food and Drug Administration to speak to their
Center for Drug Evaluation and Research on the clinical presentation and
pharmacology of mefloquine CNS toxicity. | have also been extensively quoted in
national and international media on topic of mefloquine.

| am presently a consulting physician epidemiologist based in Baltimore,
Maryland, and am a doctoral student at the Johns Hopkins Bloomberg School of
Public Health, where | have earned the certificate in Pharmacoepidemiology and
Drug Safety and have been awarded the Gordis Teaching Fellowship and the Ali
Kawi scholarship in the Department of Mental Health. | have taught
undergraduate courses in Public Health Studies at the Johns Hopkins University
Zanvyl Krieger School of Arts and Sciences and a graduate level course in the
Department of Mental Health at the Johns Hopkins Bloomberg School of Public
Health, each of which included lectures on mefloquine.

| am also the principal investigator on a $264,000 U.S. Army Medical Research
and Materiel Command research grant entitled “MDR1 polymorphisms and risk of
mefloquine anxiogenic adverse events’. My current research focuses on the
clinical presentation and pharmacology of mefloquine CNS toxicity, including its
pathophysiology and genetic epidemiology.

Notwithstanding these affiliations, the opinions expressed in this report are my
own and are not necessarily those of the Johns Hopkins University, the Public



Health Studies program of the Zanvyl Krieger School of Arts and Sciences, the
Bloomberg School of Public Health, the U.S. Army Medical Research and
Materiel Command, or the U.S. Army.

3. Policy Considerations for the Rational Use of Mefloquine in Military Settings

Use of mefloquine in military settings is problematic, and exposes militaries and
military personnel to certain risks not encountered during most civilian use of the
medication. Mefloquine is an idiosyncratic neurotoxicant and, unlike safer and
better tolerated alternatives, exposes those prescribed the drug to a risk of
chronic and even permanent neuropsychiatric sequelae resulting from the drug’s
neurotoxicity. As described in my book chapter The Mefloquine Intoxication
Syndrome: A Significant Potential Confounder in the Diagnosis and Management
of PTSD and Other Chronic Deployment-Related Neuropsychiatric Disorders,
and my earlier chapter Mefloquine and Posttraumatic Stress Disorder
(Attachment 3), these sequelae may confound the diagnosis and management of
numerous deployment-related neuropsychiatric disorders, including
posttraumatic stress disorder. Furthermore, in order to comply with recent
strengthened drug label guidance for the correct use of the medication, militaries
that choose to retain mefloquine for use as malaria chemoprophylaxis must
ensure policies for use of the medication adhere to a number of requirements
which may be impractical to implement and which may not fully eliminate risks
associated with the continued use of the medication. Certain militaries, in
consideration of these risks and requirements, have chosen to significantly reduce
or eliminate use of mefloquine altogether. These considerations are outlined in
greater detail in the recent peer-reviewed publication Rational Risk-Benefit
Decision-Making in the Setting of Military Mefloquine Policy (Attachment 4).

| trust that the publications included as attachments will prove useful to the
Working Group during their deliberations. | would be pleased to address specific
questions that the group may have in response to this report, or to provide copies
to the committee of other publications in my CV, upon written request.

Sincerely,

i Al

Remington Lee Nevin, MD, MPH

Attachments: as described



Attachment 1

An Roinn Cosanta

W Department of Defence

10" February, 2016.

Dr. Remington Nevin, MD, MPH,
Department of Mental Health,
Johns Hopkins University,

Dear Dr. Nevin,

| refer to correspondence from Mr. Andrew Bryce to the Minister for Defence, in relation to a
Working Group led by this Department which is examining issues relating to malaria
chemoprophylaxis.

In his correspondence, Mr. Bryce indicated your interest in the work of the group. In that context, |
wish to inform you that the working group is open to considering any material you might wish to
bring to its attention. You may wish to note that Mr. Bryce did supply details of a number of your
published papers and this has been brought to the attention of the group.

I would be grateful if you would indicate by email if you propose to submit any material to the group
and in that event, | would ask that material be sent to me by 11" March, 2016.

Yours sincerely,

Ronan Muthall,

Principal Officer,

Litigation Branch,

Department of Defence,

Station Road,

Newbridge,

Co. Kildare,

W12 AD93,

ireland.

E-mail: ronan.mulhall@defence.ie

Cuirfear failte roimh chomhfhreagras i na Gaeilge. Bdthar an Staisitiin, An Droichead Nua, Contae Chill Dara.
Station Road, Newbridge, Co. Kildare.

Teileafdn / Telephone: (045) 492000 Glao Aitidil / LoCall: 1890 25 1890 R-Phost / E-mail: customer@defence.ie Laithrean Gréasain / Web: www.defence.ie



Attachment 2

Remington Lee Nevin, MD, MPH
rnevin@remingtonnevin.com
Current as of February 13, 2016

Education and Professional Training

2012- Johns Hopkins University DrPH Candidate
Bloomberg School of Public Health Department of Mental Health
Baltimore, MD
2012-2014  Johns Hopkins University Certificate in Pharmacoepidemiology
Bloomberg School of Public Health and Drug Safety
Baltimore, MD
2003-2005  Walter Reed Army Institute Residency in Public Health and
of Research, Washington, DC General Preventive Medicine
2003-2004  Johns Hopkins University MPH
Bloomberg School of Public Health
Baltimore, MD
2002-2003  Womack Army Medical Center Internship
Ft. Bragg, NC
1998-2002  Uniformed Services University MD

of the Health Sciences
Bethesda, MD

1995-1998 University of Toronto BSc (Hon) with High Distinction
University College Majors in Physics & Physiology,
Toronto, Ontario, Canada Minor in Mathematics

Professional Licensure

2012- Medicine and Surgery Maryland State License #D73583
2003- Medicine and Surgery New York State License #229259

Board Certification

2015- Certified in Public Health National Board of Public Health
Examiners
2006- Public Health and General American Board of Preventive
Preventive Medicine Medicine

Academic Awards and Honors

2014 Outstanding Recent Graduate Award
Johns Hopkins University Alumni Association

Dr. Ali Kawi Scholarship, Department of Mental Health
Johns Hopkins University, Bloomberg School of Public Health
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Gordis Teaching Fellowship
Johns Hopkins University, Zanvyl Krieger School of Arts and Sciences

2013 Dr. Ali Kawi Scholarship, Department of Mental Health
Johns Hopkins University, Bloomberg School of Public Health

Gordis Teaching Fellowship
Johns Hopkins University, Zanvyl Krieger School of Arts and Sciences

2012 Dr. Ali Kawi Scholarship, Department of Mental Health
Johns Hopkins University, Bloomberg School of Public Health

2011 Alumni Inductee, Delta Omega Honor Society, Alpha Chapter
Johns Hopkins University, Bloomberg School of Public Heath

2005 George Miller Sternberg Medal in Preventive Medicine
Walter Reed Army Institute of Research

2002 Captain Richard R. Hooper Award in Preventive Medicine
Uniformed Services University of the Health Sciences

2000 Distinguished Academic Performance Award in Preventive Medicine
Uniformed Services University of the Health Sciences

1997 R. L. Burton Scholarship in Mathematics and Physical Sciences
University of Toronto, University College

Teaching

2016 Johns Hopkins University, Zanvyl Krieger School of Arts and Sciences
Public Health and U.S. Military Policy. AS.280.213 (Winter Intersession).

2015 Johns Hopkins University, Bloomberg School of Public Health

Current Issues in Military Mental Health (with Peter Zandi).
PH.330.659 (Summer Institute).

2014 Johns Hopkins University, Zanvyl Krieger School of Arts and Sciences
U.S. Military Policy and Public Health. AS.280.406 (Fall Term).

Johns Hopkins University, Bloomberg School of Public Health
Current Issues in Military Mental Health (with Peter Zandi).
PH.330.659 (Summer Institute).

Johns Hopkins University, Zanvyl Krieger School of Arts and Sciences
U.S. Military Policy and Public Health. AS.280.406 (Spring Term).

2013 Johns Hopkins University, Zanvyl Krieger School of Arts and Sciences
U.S. Military Policy and Public Health: The Consequences of Confilict.
AS.280.406 (Fall Term).

Academic Committee Service

2014-2015 DrPH Executive Committee
Johns Hopkins University, Bloomberg School of Public Health.

Military Service

2010-2012 Preventive Medicine Physician
Bayne-Jones Army Community Hospital, Fort Polk, LA.
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2008-2009

2008

2007-2008

2007

2005-2006

Preventive Medicine Officer
360th Civil Affairs Brigade, United States Africa Command, Combined
Joint Task Force Horn of Africa (CJTF-HOA), Camp Lemonnier, Djibouti.

Preventive Medicine Officer
18th Medical Command, US Army Garrison Yongsan, Seoul, Korea.

Preventive Medicine Officer
Armed Forces Health Surveillance Center, Silver Spring, MD.

Preventive Medicine Officer

International Security and Assistance Force (ISAF) Regional Command
East (RC-E), Combined Joint Task Force 82 (CJTF-82), Bagram Airfield,
Afghanistan.

Preventive Medicine Officer

Army Medical Surveillance Activity, Directorate of Epidemiology and
Disease Surveillance, US Army Center for Health Promotion and
Preventive Medicine, Washington, DC.

Public Testimony

2015

2012

UK Parliament. Defence Committee. An Acceptable Risk? The Use of
Lariam for Military Personnel. Tuesday, December 8, 2015. The Wilson
Room, Portcullis House, London, UK.

U.S. Senate. Appropriations Defense Subcommittee. Outside Witnesses:
Mefloquine Research. Wednesday, June 6, 2012. Dirksen Senate Office
Building Room 162, Washington, DC.

Grants and Research Funding

2010

2006

2005

Peer Review
2016

2015

$264K Department of Defense Fiscal Year 2010 Defense Medical
Research Development Program, MDR1 Polymorphisms
and Risk of Anxiogenic Mefloquine Adverse Events.
MRMC #D61-1-10-J5-121

$1.919M Department of Defense Global Emerging Infectious
Disease Surveillance and Response System (DoD-GEIS),
Pandemic Influenza Surveillance Supplemental Funding.

$20K Department of Defense Military Vaccine Agency,
Measles/Mumps/Rubella Immunity Concordance.

$4.5K Department of Defense Military Vaccine Agency, Mumps
Screening Cost-Effectiveness.

$20K Department of Defense Military Vaccine Agency, Hepatitis

A Seroprevalence.

Journal Reviewer: American Journal of Tropical Medicine and Hygiene;
Disaster Medicine and Public Health Preparedness.

Journal Reviewer: American Journal of Infection Control; American
Journal of Preventive Medicine; American Journal of Public Health;
American Journal of Tropical Medicine and Hygiene; Clinical Case
Reports; Journal of Cerebral Blood Flow & Metabolism. Abstract
Reviewer: American College of Preventive Medicine, 2016 Annual
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2014

2013

2012

2011

2010

2009

2008

2007

2006

Meeting; International Society for Pharmacoepidemiology 2016 Mid-Year
Meeting.

Journal Reviewer: American Journal of Bioethics Neuroscience;
American Journal of Infection Control; American Journal of Public Health;
Military Medicine. Abstract Reviewer: American College of Preventive
Medicine, 2015 Annual Meeting.

Journal Reviewer: American Journal of Infection Control; American
Journal of Tropical Medicine and Hygiene; Military Medicine; Paediatrics
and International Child Health. Abstract Reviewer: American College of
Preventive Medicine, 2014 Annual Meeting.

Journal Reviewer: American Journal of Infection Control; American
Journal of Public Health; Journal of the Neurological Sciences; Military
Medicine. Abstract Reviewer: American College of Preventive Medicine,
2013 Annual Meeting.

Journal Reviewer: American Journal of Infection Control; Journal of
Infection and Public Health.

Journal Reviewer: American Journal of Infection Control; American
Journal of Tropical Medicine and Hygiene; BMC Medical Research
Methodology; Emerging Infectious Diseases; The Lancet; Lancet
Infectious Diseases.

Journal Reviewer: American Journal of Public Health; American Journal
of Tropical Medicine and Hygiene; Clinical Nursing Research; Military
Medicine.

Journal Reviewer: American Journal of Infection Control; American
Journal of Public Health; American Journal of Tropical Medicine and
Hygiene; Military Medicine.

Journal Reviewer: American Journal of Public Health; Journal of
Adolescent Health.

Abstract Reviewer: International Society of Pharmacoeconomics and
Outcomes Research, 11th International Meeting.

Peer-Reviewed Publications

2016

2015

Sutcliffe S, Nevin RL, Pakpahan R, Elliot DJ, Langston ME, De Marzo
AM, Gaydos CA, Isaacs WB, Nelson WG, Sokoll LJ, Walsh PC, Zenilman
JM, Cersovsky SB, Platz EA. Infectious Mononucleosis, Other Infections,
and Prostate-Specific Antigen Concentration as a Marker of Prostate
Involvement During Infection. Int J Cancer. 2016. In press.

Wicken C, Nevin RL, Ritchie EC. U.S. Military Surveillance of Mental
Health Disorders, 1998-2013. Psychiatr Serv. 2016;67(2):248-251.

Nevin RL. Rational Risk-Benefit Decision-Making in the Setting of Military

Mefloquine Policy. J Parasitol Res. 2015;2015:260106.

Maxwell N, Nevin RL, Stahl S, Block J, Shugarts S, Wu A, Dominy S,
Solano M, Kappelman-Culver S, Lee-Messer C, Maldonado J, Maxwell A.
Prolonged Neuropsychiatric Effects Following Management of
Chloroquine Intoxication with Psychotropic Polypharmacy. Clin Case Rep.
2015;3(6):379-387.
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2014

2013

2012

2011

2010

Chase R, Nevin RL. Population Estimates of Undocumented Incident
Traumatic Brain Injuries Among Combat-Deployed U.S. Military
Personnel. J Head Trauma Rehabil. 2015;30(1):E57-64.

Nevin RL. A Memoir of Mefloguine Amnesia: A Review of “The Answer to

the Riddle is Me” by David Stuart MacLean. AJOB Neurosci.
2014;s5(4):88-91.

Nevin RL. Idiosyncratic Quinoline Central Nervous System Toxicity:
Historical Insights into the Chronic Neurological Sequelae of Mefloquine.
Int J Parasitol Drugs Drug Resist. 2014;4(2):118-125.

Cosby MT, Pimentel G, Nevin RL, Ahmed SF, Klena JD, Amir E, Younan
M, Browning R, Sebeny P. Outbreak of H3N2 influenza at a US military
base in Djibouti during the H1N1 pandemic of 2009. PLOS One.
2013;8(12):e82089.

Ritchie EC, Block J, Nevin RL. Psychiatric Side Effects of Mefloquine:
Applications to Forensic Psychiatry. J Am Acad Psychiatry Law.
2013:41(2):224-235.

Sutcliffe S, Pakpahan R, Sokoll LJ, Elliot DJ, Nevin RL, Cersovsky SB,
Walsh PC, Platz EA. Prostate-Specific Antigen Concentration in Young
Men: New Estimates and Review of the Literature. BJU Int.
2012;110(11):1627-1635.

Nevin RL. Mefloquine Gap Junction Blockade and Risk of Pregnancy
Loss. Biol Reprod. 2012;87(3):65,1-9.

Nevin RL. Mass administration of the antimalarial drug mefloguine to
Guantanamo detainees: A critical analysis. Trop Med Int Health.
2012;17(10):1281-1288.

Nevin RL. Limbic encephalopathy and central vestibulopathy caused by
mefloquine: A case report. Travel Med Infect Dis. 2012;10(3):144-151.

Eick AA, Faix DJ, Tobler SK, Nevin RL, Lindler LE, Hu Z, Sanchez JL,
Maclintosh VH, Russell KL, Gaydos JC. Serosurvey of Bacterial and Viral
Respiratory Pathogens among Deployed U.S. Service Members. Am J
Prev Med. 2011;41(6):573-580.

Scher Al, Wu H, Tsao JW, Blom HJ, Feit P, Nevin RL, Schwab KA.
MTHFR C677T Genotype as a Risk factor for Epilepsy Including Post-
Traumatic Epilepsy in a Representative Military Cohort. J Neurotrauma.
2011;28(9):1739-1745.

Ollivier L, Nevin RL, Darar HY, Bougére J, Saleh M, Gidenne S, Maslin J,
Anders D, Decam C, Todesco A, Khaireh BA, Ahmed AA. Malaria in the
Republic of Djibouti, 1998-2009. Am J Trop Med Hyg. 2011;85(3):554-
559.

Sutcliffe S, Nevin RL, Pakpahan R, Elliott DJ, Cole SR, De Marzo AM,
Gaydos CA, Isaacs WB, Nelson WG, Sokoll LJ, Zenilman JM, Cersovsky
SB, Platz EA. Prostate involvement during sexually transmitted infections
as measured by prostate antigen concentration. Br J Cancer.
2011;105(5):602-605.

Ollivier L, Decam C, Pommier de Santi V, Darar HY, Dia A, Nevin RL,
Romand O, Bougeére J, Deparis X, Boutin J. Gastrointestinal ilinesses
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2009

2008

2007

among French forces deployed to the Republic of Djibouti: French military

health surveillance, 2005-2009. Am J Trop Med Hyg. 2010;83(4):944-950.

Eick A, Ticehurst J, Tobler S, Nevin R, Lindler L, Hu Z, MaclIntosh V,
Jarman RG, Gibbons RV, Myint KSA, Gaydos J. Hepatitis E
Seroprevalence and Seroconversion among U.S. Military Service
Members Deployed to Afghanistan. J Infect Dis. 2010;202(9):1302-1308.

Nevin RL. Mefloquine prescriptions in the presence of contraindications:
prevalence among U.S. military personnel deployed to Afghanistan, 2007.
Pharmacoepidemiol Drug Saf. 2010;19(2):206-210.

Nevin RL. Low validity of self-report in identifying recent mental health
diagnosis among U.S. service members completing Pre-Deployment
Health Assessment (PreDHA) and deployed to Afghanistan, 2007: a
retrospective cohort study. BMC Public Health. 2009;9:376.

Nevin RL. Epileptogenic potential of mefloquine chemoprophylaxis: a
pathogenic hypothesis. Malar J. 2009;8:188.

Nevin RL, Means GE. Pain and discomfort in deployed helicopter
aviators wearing body armor. Aviat Space Environ Med. 2009;80(9):807-
810.

Bobo WV, Nevin R, Greene E, Lacy TJ. The effect of psychiatric third-
year rotation setting on academic performance, student attitudes, and
specialty choice. Acad Psychiatry. 2009;33(2):105-111.

Nevin RL, Carbonell I, Thurmond V. Device-specific rates of needlestick
injury at a large military teaching hospital. Am J Infect Control.
2008;36(10):750-752.

Nevin RL, Shuping EE, Frick KD, Gaydos JC, Gaydos CA. Cost and
effectiveness of chlamydia screening among male military recruits:
Markov modeling of complications averted through notification of prior
female partners. Sex Transm Dis. 2008;35(8):705-713.

Nevin RL, Silvestri JW, Hu Z, Tobler SK, Trotta RF. Suspected
pulmonary tuberculosis exposure at a remote U.S. Army camp in
northeastern Afghanistan, 2007. Mil Med. 2008;173(7):684-688.

Nevin RL, Pietrusiak PP, Caci JB. Prevalence of contraindications to
mefloguine use among U.S. military personnel deployed to Afghanistan.
Malar J. 2008;7:30.

Eick AA, Hu Z, Wang Z, Nevin RL. Incidence of mumps and immunity to
measles, mumps and rubella among U.S. military recruits, 2000-2004.
Vaccine. 2008;26(4):494-501.

Knapik JJ, Jones SB, Darakjy S, Hauret K, Nevin R, Grier T, Jones B.
Injuries and injury risk factors among members of the United States Army

Band. Am J Ind Med. 2007;50(12):951-961.

Hsu L, Nevin RL, Tobler SK, Rubertone MV. Trends in overweight and
obesity among 18-year-old applicants to the U.S. military, 1993-2006. J
Adolesc Health. 2007;41(6):610-612.

Nevin RL, Niebuhr DW. Rising hepatitis A immunity in U.S. military
recruits. Mil Med. 2007;172(7):787-793.
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2006

2000

Grabenstein JD, Nevin RL. Mass immunization programs: principles and
standards. Curr Top Microbiol Immunol. 2006;304:31-51.

Nevin R, Niebuhr D, Frick K, Grabenstein J. Improving soldier care
through outcomes research: The Accession Screening and Immunization
Program. U.S. Army Medical Department Journal. 2006;30-38.

Norwich KH, Nevin R. The information of a welcher Weg experiment. //
Nuovo Cimento. 2000;115B:1137-1147.

Book Chapters

2015

2006

Letters

2016

2015

2013

Nevin RL, Ritchie EC. The Mefloquine Intoxication Syndrome: A
Significant Potential Confounder in the Diagnosis and Management of
PTSD and Other Chronic Deployment-Related Neuropsychiatric
Disorders. In: Ritchie EC, ed. Post-Traumatic Stress Disorder and
Related Diseases in Combat Veterans. Basel, Switzerland: Springer;
2015:257-278.

Nevin RL. Mefloquine and Posttraumatic Stress Disorder. In: Ritchie EC,
ed. Forensic and Ethical Issues in Military Behavioral Health. Textbook of
Military Medicine. Washington, DC: Borden Institute Press; 2015:275-296.

Nevin RL. Issues in the Prevention of Malaria Among Women at War. In:
Ritchie EC, Naclerio AL, eds. Women at War. London, England: Oxford
University Press; 2015:93-119.

Engler RUIM, Martin BL, Nevin RL, Grabenstein JD. Immunizations for
military trainees. In: DeKoning B, ed. Textbook of Military Medicine:
Recruit Medicine. Washington, DC: Borden Institute Press; 2006:205-
226.

Grabenstein JD, Nevin RL. Mass immunization programs: Principles and
standards. In: Plotkin SA, ed. Mass-Vaccination: Global Aspects —
Progress and Obstacles. Berlin, Germany: Springer-Verlag; 2006:31-51.

Nevin RL. Bias in Military Studies of Mefloquine. J. Travel Med.
2016;23(2):tav028.

Nevin RL. Unexpected Pharmacological and Toxicological Effects of
Tafenoquine. Occup Med. 2015;65(5):417.

Nevin RL. Organic Depersonalization as a Chronic Sequela of
Mefloquine Intoxication. Psychosomatics. 2015;56(1):103.

Nevin RL, Ritchie EC. Suicides Among Military Personnel. JAMA.
2013;310(23):2563-2564.

Nevin RL. Letter to the Editor regarding: The Incidence of and Risk
Factors for Emergence Delirium in U.S. Military Combat Veterans. J
Perianesth Nurs. 2013;28(6):334-336.

Nevin RL, Caci J. Letter to the Editor regarding: Medical evacuations
from Afghanistan during Operation Enduring Freedom, active and reserve

components, U.S. Armed Forces, 7 October 2001-31 December 2012.
MSMR. 2013;20(8):24.
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2012

2011

2010

2008

2005

Nevin RL. Confounding and Bias in Studies of DMSS Vaccination Data.
Vaccine. 2012;30(50):7146.

Nevin RL. Falling Rates of Malaria Among U.S. Military Service Members

in Afghanistan Substantiate Findings of High Compliance with Daily
Chemoprophylaxis. Am J Trop Med Hyg. 2012;87(5):957-958.

Nevin RL. Neuropharmacokinetic Heterogeneity of Mefloquine in
Treatment of Progressive Multifocal Leukoencephalopathy. Intern Med.
2012;51(16):2257.

Nevin RL. Limitations of Post-Marketing Surveillance in the Analysis of
Risk of Pregnancy Loss Associated with Maternal Mefloquine Exposure.
Clin Infect Dis. 2012;55(8):1167-1168.

Nevin RL. Pharmacokinetic considerations in the repositioning of
mefloquine for treatment of progressive multifocal leukoencephalopathy.
Clin Neurol Neurosurg. 2012;114:1204-1205.

Nevin RL. Hallucinations and persecutory delusions in mefloquine-
associated suicide. Am J Forensic Med Pathol. 2012;33(2):e8.

Nevin RL. Investigating Channel Blockers for the Treatment of Multiple
Sclerosis: Considerations with Mefloquine and Carbenoxolone. J
Neuroimmunol. 2012;243(1-2):106-107.

Nevin RL. Biased Measurement of Neuropsychiatric Adverse Effects of
Pediatric Mefloquine Treatment. Ped Infect Dis J. 2012;31(1):102.

Nevin RL. Mefloquine Blockade of Connexin 36 and Connexin 43 Gap
Junctions and Risk of Suicide. Biol Psych. 2012;71(1):e1-2.

Nevin RL. Mefloquine Neurotoxicity and Gap Junction Blockade: Critical
Insights in Drug Repositioning. Neurotoxicology. 2011;32(6):986-987.

Nevin RL. Mefloguine Blockade of Connexin 43 (Cx43) and Risk of
Pregnancy Loss. Placenta. 2011;32(9):712.

Nevin RL. Mental Health Standards for Combat Deployment. Psychiatr
Serv. 2011;62(7):805.

Nevin RL, Ollivier L. In Reply to: Acute Diarrheas Among French Soldiers

in Djibouti. Am J Trop Med Hyg. 2011;84(1):175.

Nevin RL. Reply to Authors: Active Tuberculosis and Recent Overseas
Deployment in the U.S. Military. Am J Prev Med. 2010;39(6):€39-40.

Nevin RL, Silvestri JW, Hu Z, Tobler SK, Trotta RF. Reply to Authors:
Suspected Pulmonary Tuberculosis Exposure at a Remote U.S. Army
Camp in Northeastern Afghanistan, 2007. Mil Med. 2008;173(12):xviii.

Pablo KR, Rooks PD, Nevin RL. Benefits of Screening for Hepatitis B
Immunity in Military Recruits. J Infect Dis. 2005;192(12):2180-2181.

Technical Publications

2005

Nevin RL. The U.S. Army Accession Screening and Immunization
Program. Edgewood, MD: U.S. Army Center for Health Promotion and
Preventive Medicine; November 18, 2005. Technical Guide #310.
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Presentation and Poster Awards

2007

2006

Posters

2014

2013

2011

2009

2008

Finalist, TRICARE Innovations Awards. Demonstrating the feasibility and

cost-effectiveness of serologic screening for recruit immunizations: The
U.S. Army Accession Screening and Immunization Program General
Leonard Wood Army Community Hospital (GLWACH) pilot
implementation. 2007 TRICARE Conference; January 29, 2007;
Washington, DC.

Finalist, Captain Gregory Gray Award for Military Operational Research.
An economic analysis of serologic screening prior to immunization of
Navy enlisted accessions. 45th Navy Occupational and Preventive
Medicine Workshop; March 18 to March 23, 2006; Norfolk, VA.

Nevin RL. Historical insights into the neurotoxicity of the 8-
aminoquinolines: Implications for the development of tafenoquine and for

global malaria control efforts. Poster presented at: Johns Hopkins 2014
World Malaria Day Conference; April 25, 2014; Baltimore, MD.

Maxwell NM, Nevin RL, Stahl T, Block J, Shugarts S, Wu A, Dominy S,
Blanco M, Kappelman-Culver S, Lee-Messer, C, Maldonado J. A 16 Year
old Girl with Acute and Prolonged Mental Status Changes following
Chloroquine Toxicity and Polypharmacy: Utility of Personalized
Pharmacogenetic Testing. Poster presented at: 2nd International
Congress on Personalized Medicine; July 25 to July 28, 2013; Paris,
France.

Nevin R. Subcortical Encephalopathy and Central Vestibulopathy
Associated With Prophylactic Mefloquine Use: A Case Report. Poster
presented at: 60th Annual Meeting of the American Society of Tropical
Medicine and Hygiene; December 4 to December 8, 2011; Philadelphia,
PA.

Scher A, Wu H, Tsao J, Blom H, Feit P, Nevin R, Schwab K. MTHFR
C677T Genotype as a Risk Factor for Epilepsy in a Representative
Military Cohort. Poster presented at: 63rd Annual Meeting of the
American Academy of Neurology; April 9 to April 16, 2011; Honolulu, HI.

Jordan N, Nevin R, Allen A, Irish V, Gaydos J. Review of sexual health
visits and well-woman exams among female military members deployed
to Afghanistan. Poster presented at: 18th International Society for STD
Research Meeting; June 28 to July 1, 2009; London, UK.

Jacobsmuhlen T, Gaydos C, Meyers M, Gaydos J, Nevin R, Foster A.
Surveillance for Chlamydia trachomatis among female military personnel
newly assigned to U.S. Forces Korea. Poster presented at: 18th
International Society for STD Research Meeting; June 28 to July 1, 2009;
London, UK.

Eick A, Hu Z, Nevin R, Tobler S. Seroprevalence of influenza H1 and H3

antibody among U.S. military accessions. [Poster 32]. Presented at: 2008
International Conference on Emerging Infectious Diseases; March 16 to
March 19, 2008; Atlanta, GA.

9 of 16



2007

Nevin RL, Carbonell IS, Miller SN, Thurmond VA, Tobler S. Device-
specific rates of needlestick injury at Walter Reed Army Medical Center:
Establishing baseline metrics for process improvement. Poster presented
at: 10th Annual Force Health Protection Conference; August 7 to August
10, 2007; Louisville, KY.

Nevin RL, Means GE, Tobler S. Longer flight times as a risk factor for
increased pain among deployed rotary-wing aviators. Poster presented
at: 10th Annual Force Health Protection Conference; August 7 to August
10, 2007; Louisville, KY.

Nevin RL, Hu Z, Tobler S. Suspected pulmonary tuberculosis exposure
at a remote U.S. Army camp in northeastern Afghanistan, 2007. Poster
presented at: 10th Annual Force Health Protection Conference; August 7
to August 10, 2007; Louisville, KY.

Hsu LL, Martin CB, Nevin RL, Tobler S. Trends in overweight and obesity

among 18-year-old applicants for U.S. military service, 1995-2006. Poster
presented at: 10th Annual Force Health Protection Conference; August 7
to August 10, 2007; Louisville, KY.

Eick AA, Wang Z, Hu Z, Nevin R, Tobler SK. Serosurveillance for H5N1:
Large-scale serological testing for H5N1 exposure among U.S. military
service members deployed to Thailand, Indonesia, or Vietnam. Poster
presented at: Options for the Control of Influenza VI Conference; June 17
to June 23, 2007; Toronto, Canada.

Knapik JJ, Jones SB, Darakjy S, Nevin R, Hauret KG, Canham-Chervak
M, Jones BH. Musical athletes: Injuries and injury risk factors in the
United States Army Band. Abstract in: Med Sci Sports Exerc. 2007;39(5
Supplement):S395. Poster presented at: 54th Annual Meeting of the
American College of Sports Medicine; May 30 to June 2, 2007; New
Orleans, LA.

Eick A, Nevin RL, Hu Z, Hughes H, Ford SM. Measles, mumps, and
rubella immunity and concordance among U.S. military recruits, 2000-
2004. Poster presented at: 46th Annual NEHC Occupational Health and
Preventive Medicine Conference; March 17 to March 22, 2007; Norfolk,
VA.

Hughes H, Nevin RL, Ford SM, Anderson RG. An economic analysis of
the U.S. Army Accession Screening and Immunization Program (ASIP).
[Poster 152]. Presented at: 41st National Immunization Conference (NIC);
March 5to March 8, 2007; Kansas City, MO.

Eick A, Wang Z, Hu Z, Tobler S, Nevin R, Rubertone M. Serosurveillance

for avian and pandemic influenza: Utilizing the resources of the DoDSR
and AMSA. Poster presented at: 2007 Seasonal and Pandemic Influenza
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Nevin RL. First-time episodes of mental health specialty care resulting
from Post-Deployment Health Reassessments (PDHRA): Analysis of
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Nevin RL, Hughes H, Rooks P, Pablo K. Demonstrating the feasibility
and cost-effectiveness of serologic screening for recruit immunizations:
The U.S. Army Accession Screening and Immunization Program General
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Leonard Wood Army Community Hospital (GLWACH) pilot
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January 29, 2007; Washington, DC.

Nevin RL, Hughes H, Ford SM, Anderson R, Eick A. Risk of mumps in
foreign-born U.S. military recruits deferred MMR vaccination following
serologic confirmation of measles and rubella immunity. [Poster 841].
Presented at: 44th International Meeting of the Infectious Diseases
Society of America (IDSA); October 15, 2006; Toronto, Canada.

Nevin RL, Green DJ. Mental health specialty clinic referrals generated
during the Post-Deployment Health Reassessment process: Numbers of
referrals, referral completion rates, and resultant first-time use among
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Protection Conference; August 5to August 12, 2006; Albuquerque, NM.

Nevin RL, Agnew RP. Numbers of Post-Deployment Health
Reassessment forms outstanding among deployed soldiers: Cost
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Nevin RL, Kong V, Taubman S, Ford SM. Rates of influenza-like illness
among active duty servicemembers receiving live attenuated influenza
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Nevin RL. Economic analysis of Latent Tuberculosis (LTBI) screening in
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Presentations. Value in Health. 2006;9(3):A154. Presented at: 11th
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Nevin RL. An economic analysis of serologic screening prior to
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Nevin RL, Rubertone MV. Enabling improved DoD pandemic influenza
preparedness: Capabilities of the proposed Armed Forces Health
Surveillance Center (AFHSC). Presented at the 45th Annual NEHC
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2005 Nevin RL, Niebuhr DW. Incremental cost-benefit of screening for Anti-
HAV in mass screening and immunization programs: Results of a 2004
U.S. Army seroprevalence study. [Poster 176]. In: Abstracts. Am J Trop
Med Hygiene. 2005;73(6 Supplement):59. Presented at: 54th Annual
Meeting of the American Society of Tropical Medicine and Hygiene
(ASTMH); December 13, 2005; Washington, DC.

Bennett JW, Nevin RL, Polhemus ME, Ogutu BR. Cost-effectiveness of
empiric antimalarial treatment among febrile children aged 0-4 years in
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the American College of Physicians Meeting; November 4, 2005;
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Presented at: 43rd Annual Meeting of the Infectious Diseases Society of
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Nevin RL, Niebuhr DW. Hepatitis A seroprevalence among young adults:

Effects of ACIP immunization recommendations. [Poster #LB01]. In:
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presentation at: 2005 Meeting of the American College of Epidemiology
(ACE); September 19, 2005; New Orleans, LA. (cancelled).

Nevin RL, Niebuhr DW, Frick KD. Mathematical modeling of occupational
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through universal serologic screening for pre-existing immunity. [Poster
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Proceedings of the 25th Canadian Medical and Biological Engineering
Conference. London, Ontario, Canada; June 1999; p 72. Poster
presented at: 25th Canadian Medical and Biological Engineering
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2015 Nevin RL, Ritchie EC. Mefloquine Intoxication In Clinical And Forensic
Psychiatry. Workshop 1763. Presented at: 168™ Annual Meeting of the
American Psychiatric Association; May 20, 2015; Toronto, Canada.

2014 Nevin RL, Ritchie EC. Mefloquine and the U.S. Military. Presented at:
2014 Annual Continuing Educational Meeting of the Association of
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Military Surgeons of the United States; December 3, 2014; Washington,
DC.

Nevin RL. Controversies Abound Around PTSD. Workshop 5576.
Presented at: 167" Annual Meeting of the American Psychiatric
Association; May 6, 2014; New York, NY.

Nevin RL. Anabolic Steroid and Supplement Use in the Military.
Workshop 5054. Presented at: 167" Annual Meeting of the American
Psychiatric Association; May 4, 2014; New York, NY.

Nevin RL. The Mefloquine Toxidrome in Clinical and Forensic Psychiatry.
Workshop 5072. Presented at: 167" Annual Meeting of the American
Psychiatric Association; May 3, 2014; New York, NY.

Nevin RL. Mefloquine Neurotoxicity Plausibly Contributes to the Burden
of PTSD, TBI, Suicide, and Violence within the U.S. Military. Workshop
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Nevin RL. Steroid Use and Consequences in the Military. Workshop 83.
Presented at: 166" Annual Meeting of the American Psychiatric
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Nevin RL. Controversies Around Posttraumatic Stress Disorder.
Workshop 73. Presented at: 166™ Annual Meeting of the American
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Nevin RL. Violence and the American Soldier. Workshop 40. Presented
at: 166" Annual Meeting of the American Psychiatric Association; May 19,
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Surveillance of chlamydia among female soldiers assigned to U.S. Forces

Korea. Presented at: 2009 Force Health Protection Conference; August
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Nevin RL, Shuping EE, Frick KD, Gaydos JC, Gaydos CA. Cost-
effectiveness of chlamydia screening policies among male military
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Eick A, Wang Z, Hu Z, Nevin RL, Tobler S. Seasonal and avian
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Nevin RL. The U.S. Army Accession Screening and Immunization
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Nevin RL. Improving the efficiency of accession medical processing: The
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Nevin RL. An economic analysis of serologic screening prior to
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Nevin RL, Niebuhr DW, Frick KD. Implementing cost-effective serologic
screening for recruit immunizations: The U.S. Army Accession Screening

and Immunization Program (ASIP) business plan. Presented at: 8th

14 of 16



Invited Talks

2014

2013

2011

2010

2006

Annual U.S. Army Center for Health Promotion and Preventive Medicine
Force Health Protection Conference; August 12, 2005; Louisville, KY.

Nevin RL. Improving the efficiency of military accession immunization
programs through centralized screening for pre-existing immunity among
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Adverse Effects of Mefloquine (Lariam®). Presentation to the Veterans
Health Administration Northwest Mental lliness Research Education &
Clinical Center; December 18, 2013. Online.
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sectional study designs. Presentation to the Johns Hopkins Bloomberg
School of Public Health Department of International Health; October 5,
2006; Baltimore, MD.

Nevin RL. The U.S. Army Accession Screening and Immunization
Program. Presentation to the Military Vaccine Agency (MILVAX) Annual
Meeting; June 6, 2006; Arlington, VA.

15 of 16



2005

Nevin RL. Advancing research in seroepidemiology: Visions for the future

of the Department of Defense serum repository. Presentation to the
National Institutes of Health Autoimmune Diseases Coordinating
Committee, NIH; February 24, 2006; Rockville, MD.

Nevin RL. The Department of Defense serum repository: Opportunities
for seroepidemiolgic research utilizing the world’s largest serum
repository. Presentation to the Johns Hopkins Bloomberg School of
Public Health Department of Epidemiology; October 31, 2005; Baltimore,
MD.

Acknowledgements

2012

2011

2009

2007

2006

Wang Z, Chen F, Ward M, Bhattacharyya T. Compliance with Surgical
Care Improvement Project Measures and Hospital-Associated Infections
Following Hip Arthroplasty. J Bone Joint Surg Am. 2012;94(15):1359-
1366.

Hutfless S, Matos P, Talor MV, Caturegli P, Rose NR. Significance of
Prediagnostic Thyroid Antibodies in Women with Autoimmune Disease. J
Clin Endocrin Metab. 2011;96(9):e1466-71.

Ollivier L, Romand O, Marimoutou C, Michel R, Pognant C, Todesco A,
Migliani R, Baudon D, Boutin J. Use of short message service (SMS) to
improve malaria chemoprophylaxis compliance after returning from a
malaria endemic area. Malar J. 2009;8:236.

Army Medical Surveillance Activity. Concordance of measles and rubella
immunity with immunity to mumps; enlisted accessions, U.S. armed
forces, 2000-2004. MSMR. 2007;13(2):10-12.

Munger KL, Levin LI, Hollis BW, Howard NS, Ascherio A. Serum 25-
hydroxyvitamin D levels and risk of multiple sclerosis. JAMA.
2006:296(23);2832-8.

Army Medical Surveillance Activity. Hepatitis A immunity among enlisted
accessions to the U.S. Army, Fort Benning, GA, April-August 2006.
MSMR. 2006;12(7):18-20.

Army Medical Surveillance Activity. Incidence of mumps in relation to
universal MMR vaccination versus vaccination after serological screening

of U.S. military recruits, 2000-2004. MSMR. 2006;12(7):21-23.

Army Medical Surveillance Activity. Hepatitis B immunity among U.S.
Army basic trainees, Fort Leonard Wood, MO, July 2005-December 2005.

MSMR. 2006;12(5):7-8.

16 of 16



Attachment 3

Chapter 19

MEFLOQUINE AND POSTTRAUMATIC
STRESS DISORDER

ReminGTON L. NEVIN, MD, MPH*

INTRODUCTION

THE DEVELOPMENT OF MEFLOQUINE

THE HISTORY OF MEFLOQUINE USE IN US MILITARY POPULATIONS
CLINICAL FEATURES OF MEFLOQUINE INTOXICATION

CHRONIC EFFECTS OF MEFLOQUINE TOXICITY

CONFOUNDING OF DIAGNOSTIC AND STATISTICAL MANUAL OF MENTAL
DISORDERS-IV POSTTRAUMATIC STRESS DISORDER DIAGNOSTIC CRITERIA

FORENSIC APPLICATIONS

SUMMARY

*Doctoral Student, Johns Hopkins Bloomberg School of Public Health, Department of Mental Health, 624 North Broadway, Room 782, Baltimore,
Maryland 21205; formerly Major, Medical Corps, US Army



Forensic and Ethical Issues in Military Behavioral Health

INTRODUCTION

Mefloquine (previously marketed in the United
States as Lariam [F Hoffmann-LaRoche Ltd, Basel,
Switzerland]) is a neurotoxic quinoline-derivative
originally developed by the US military for treat-
ment and prophylaxis of malaria." Originally the US
military’s preferred antimalarial drug, mefloquine
has been widely used during overseas operations,
but recently lost favor because of its association with
severe neuropsychiatric side effects. These side effects
are now the subject of a “black box” warning, which
must appear on the US product label, accompanied by
advisories that psychiatric side effects may last years
after dosing, and that neurological side effects may be
permanent.” Recent insights suggest that neuropsychi-
atric side effects may be considered to be symptomatic
of a potentially life-threatening intoxication syndrome
(or toxidrome) common to other members of the
quinoline class.’

Although the drug was originally thought to have
few psychiatric effects,’ symptoms of mefloquine in-
toxication are now known to affect a majority of users
when the drug is administered at treatment doses of
1,250 mg,* and at least a sizeable minority when ad-
ministered at prophylactic doses of 250 mg weekly.
Lariam package inserts now warn that “very common”
psychiatric symptoms (including abnormal dreams
and insomnia) may affect greater than 10% of pro-
phylactic users, and “common” psychiatric symptoms
(including anxiety and depression) may affect 1% to
10% of prophylactic users.®” Earlier product inserts em-
phasized that should certain “prodromal” symptoms
develop, including anxiety, depression, restlessness,
or confusion, the drug must be discontinued to avoid
a “more serious event,” which is likely a euphemism
for fulminant intoxication and neurotoxicity.’ Today’s
Lariam product information expands on this guidance

to add nightmares to the list of “prodromal” symp-
toms® and caution that any “change in mental state”
is reason to immediately discontinue the medication.’

Many of the symptoms of the mefloquine toxi-
drome, including vivid nightmares, personality and
affective change, disordered sleep, irritability, anger,
difficulties with concentration, dissociation, and
amnesia, may mimic prior Diagnostic and Statisti-
cal Manual of Mental Disorders IV (DSM-IV) criteria
B-D, as well as DSM-5 criteria B-E for posttraumatic
stress disorder (PTSD), and may last long after dis-
continuation of dosing. According to a publication
by the Centers for Disease Control and Prevention,
these symptoms “may confound the diagnosis and
management of posttraumatic stress disorder.”’’ As
mefloquine has been commonly prescribed to mili-
tary personnel during combat deployments," risk of
intoxication may therefore have frequently coexisted
with pervasive exposure to DSM-IV and DSM-5
criterion A stressors, particularly confounding the
PTSD diagnosis in military and veteran populations
exposed to the drug.

In this chapter, the history of mefloquine’s develop-
ment and its use within the US military are reviewed,
and then the clinical features of the mefloquine toxi-
drome are described with its chronic effects. The chap-
ter then highlights how specific psychiatric symptoms
caused by mefloquine may readily confound PTSD di-
agnostic criteria, particularly those of DSM-IV, which
unlike DSM-5 did not specify a diagnostic exclusion
for symptoms resulting from a medication’s effects.
This review ends with a discussion of applications of
this information to forensic psychiatry and presents a
representative case study illustrating challenges in the
diagnosis of mefloquine intoxication among military
personnel.

THE DEVELOPMENT OF MEFLOQUINE

Mefloquine, known chemically as
bis(trifluoromethyl)-(2-piperidyl)-4-quinolinemethanol,
is a 4-methanolquinoline structurally related to quinine.
Although the first synthesis of mefloquine was reported
in 1969, the drug is closely related to the synthetic
compound 4-quinolyl-a-piperidylcarbinol first reported
3 decades earlier in 1938." Mefloquine differs from
this previously synthesized compound (later known
as SN 2,549)"¢1%2 golely by adding two trifluromethyl
groups (CF,) at the 2 and 8 positions of the quinoline
nucleus, which help to impart antimalarial activity and
metabolic stability. The antimalarial utility of the triflu-
romethyl group was first identified by the Germans,
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who in 1938 had synthesized what was considered a
less toxic version of chloroquine (then known as reso-
chin) featuring the substituent."**'*®% Trifluorometh-
ylated antimalarial compounds were later extensively
studied in the US military’s World War II antimalarial
drug discovery program, during which time more than
13,000 compounds were investigated'® for their antima-
larial activity, of which 103 were subsequently tested in
humans."” Of these, many quinoline derivatives dem-
onstrated unacceptable toxicity, causing symptoms of
“nervousness,” “lassitude,” or confusional or paranoid
psychosis,” and extensive neurotoxic lesions through-
out the brainstem and limbic system in humans."



Although 4-methanolquinolines related to meflo-
quine were initially the subject of significant human
testing during the World War Il era program, investiga-
tion of these compounds as antimalarials appears to
have been abandoned in favor of the 4-aminoquino-
lines," including chloroquine (previously known as SN
7,618), which despite early German concerns of toxicity
became the mainstay antimalarial for the next 20 years.”
By the early 1960s,” owing ostensibly to concerns of
rising chloroquine resistance, the US military under-
took a second large scale drug discovery program,”
during which time more than 300 4-methanolquino-
lines were evaluated,’ including some that had been
previously tested from the World War II era program.

Mefloquine and Posttraumatic Stress Disorder

Mefloquine (known as WR 142,490) quickly
emerged as the favored of these drugs based on the
results of limited human testing,*** which indicated
the drug was free of the serious psychiatric side ef-
fects, including suicide and psychosis, that had char-
acterized related quinoline antimalarials,” including
chloroquine.”* Soon after its reported first synthesis,
mefloquine had been singled out by the US Army for
larger scale commercial synthesis, first by the Aerojet
Solid Propulsion corporation,'? and then in anticipation
of commercialization, by F Hoffmann-La Roche Ltd.”
So rapid was the testing of the drug in field settings that
one researcher noted, “Phase II clinical trials threatened
to outstrip needed Phase I testing.”*

THE HISTORY OF MEFLOQUINE USE IN US MILITARY POPULATIONS

Although many of the early Phase I and Phase II
trials of mefloquine were conducted among prison-
ers,” contract employees,” and residents of Third
World countries,* the drug was also tested on US
military personnel at various times during the 1980s
before its licensure by the Food and Drug Administra-
tion (FDA) in 1989.% Although details of many of these
experimental uses are not available, in one published
study from 1988 not listed in the Lariam New Drug
Application,* 134 soldiers were administered 250 mg
of the drug weekly for 4 weeks while on exercises in
Thailand.*

In the very early years following the drug’s FDA
licensure in 1989, mefloquine appears to have been
used infrequently by the US military, possibly be-
cause of concerns for its initially complex and poten-
tially confusing dosing regimen, which recommended
every-other-week dosing after the fourth week.” For
example, there was little mefloquine used among US
personnel during the 1990-1991 Persian Gulf War.*®
However, in 1991, mefloquine was the subject of a
large randomized trial to assess tolerability during
simplified dosing regimens,” during which time 203
US Marines were administered the drug.® This study
noted a high prevalence of prodromal symptoms
among subjects. Vivid dreams, described as often “ter-
rifying nightmares with technicolor clarity,” occurred
in 7% of mefloquine users; irritability in 4%; concen-
tration problems in 5%; anger and moodiness each in
an additional 1%; and insomnia in 25%.% At the time,
the US package insert cautioned to discontinue use of
the medication if “anxiety, depression, restlessness,
or confusion” developed, but the incidence of these
specific symptoms was not assessed, and it appears
that this guidance was not consistently communicated
or enforced during the trial.*® For example, 2 of the 203
participants, after failing to discontinue the drug at the

onset of severe insomnia, were ultimately hospitalized
for severe depression and suicidal thoughts, which
were later deemed due to “preexisting” conditions.
Despite these findings, the drug was deemed “well
tolerated” and recommended for expanded use.”
With the seemingly favorable results of these tri-
als and following a change in the package label to
recommend once-a-week dosing,** documented
large-scale military use of mefloquine began in ear-
nest in 1992-1993 during Operation Restore Hope
in Somalia,*’ where mefloquine sensitivity had been
demonstrated in prior field studies.*** Although pre-
cise usage figures are uncertain* during much of the
estimated 163,000 person weeks of deployment time
in Somalia,” published reports* suggest a majority of
more than 30,000 US personnel ultimately stationed
there** received mefloquine under command-su-
pervised weekly administration,* with some initial
users of the alternative drug—doxycycline—switch-
ing to mefloquine® on command directive.* Based on
published reports® the incidence of discontinuation of
mefloquine resulting from prodromal symptoms was
exceptionally rare; in one study, only 1 in 344 soldiers
discontinued mefloquine.” Contrary to today’s guid-
ance, soldiers in Somalia reporting vivid dreams or
“lightheadedness” (which should be taken to indicate
confusion or difficulties in concentration®) do not ap-
pear to have been directed to discontinue the drug.”®
Although “more serious events” including psychosis
or hospitalization were not reported in the definitive
published study of mefloquine use among US person-
nel in Somalia,* postmarketing surveillance reports
describe a US military member on mefloquine who was
hospitalized and experiencing psychosis, confusion,
depression, fatigue, hostility, agitation, and paranoia®;
more than 120 Somalia era veterans later complained
of psychiatric symptoms, including flashbacks, night-
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mares, paranoia, and suicide attempts,53 linked to their
use of the drug. One soldier later described the effects
of the drug as “so much darkness in your brain and so
much violence,” and reported suffering lasting confu-
sion, paranoia, and suicidal and homicidal ideation.”

Despite early concerns for its safety,” mefloquine
nevertheless became the drug of choice for most US
military operations,” but its regular use soon attracted
further concern. In 1996 officials were informed that
family members of US Special Forces soldiers had
noted “drastic” changes in mood, impulsivity, and
irritability linked to their spouses” use of the drug.”
Soon after the start of the Afghanistan war in 2001,
where the drug was also used frequently,” one veteran
of early operations in Pakistan complained of hallu-
cinations and delusions while taking the drug and of
subsequently suffering “frightening flashes” of anger.
Another family member reported his son was hospi-
talized with hallucinations, anxiety, and depression.”

By the summer of 2002, after a rash of homicides and
suicides at Fort Bragg had been committed by soldiers
returning from Afghanistan, concerns of behavioral
toxicity had attracted national media attention.”>* Two
soldiers murdered their wives and then immediately
committed suicide®; another soldier murdered his wife
and subsequently killed himself in prison the follow-
ing year.”” According to family members and acquain-
tances, the soldier had been experiencing delusions,
paranoia, strange behavior, and uncharacteristic fits of
rage after returning home.”>*%' All three soldiers had
taken mefloquine; two had documentation of taking
the drug on deployment before the killings®; while
the third had also been taking the drug,” according
to unit members, but had stopped some months prior.

In all three cases, there were marital issues; at least
one case was suspected of being exacerbated by the
drug’s behavioral effects.” In two cases, the soldiers
“returned early from Afghanistan specifically in re-
sponse to their requests for emergency leave to address
perceived marital distress.”®* Numerous barriers to
marital counseling and behavioral care at Fort Bragg
were identified in the final report of the formal Army
investigation, which concluded that “marital discord”
was a “major factor” in the killings.®

Although the formal Army investigation failed to
rule out mefloquine as the cause of violence in at least
two cases where unambiguous records of prescribing
existed,” as a result of no history of mefloquine use in
a fourth unrelated case who did not deploy, the report
concluded the drug was “unlikely to be the cause of
this clustering.”®

When military operations began in Iraq in 2003,
medical intelligence reports had suggested the pos-
sibility of chloroquine-resistant malaria.** To “err on
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the side of caution,” widespread use of mefloquine
was directed throughout the theater.®** Although
recordkeeping of prescribing was poor® and many
prescriptions”—particularly those in theater®—were
never documented,®” electronic records revealed a
sharp increase of documented prescribing to active
duty personnel—from 18,704 in 2002 to 36,451 in 2003.%°
Representing a conservative lower estimate of use, for
the 12 months ending October 2003” electronic records
documented approximately 45,000”" to 49,000 meflo-
quine prescriptions, comprising more than 1 million
250 mg tablets.”

In the summer of 2003, FDA implemented new
requirements that all mefloquine prescriptions be
accompanied by written warnings specifying that
users seek medical attention if prodromal symptoms
of intoxication develop.” However, surveys indicated
that few deploying service members received written
or even verbal warnings,®** whereas public state-
ments by senior military physicians” and formal policy
guidance served to undermine awareness of the drug’s
frequent intoxicating effects. An Army memorandum
issued the previous year in 2002 erroneously stated
psychiatric symptoms from mefloquine occurred only
“at a rate of one per 2,000 to 13,000 persons.””* This
memorandum understated the risk by at least a factor
of 100: a randomized clinical trial the year before had
demonstrated that prodromal symptoms of anxiety
and depression each occurred in 4% of users,” whereas
the mefloquine package insert continued to make clear
that should these prodromal symptoms develop, the
drug “must be discontinued.”

The awareness was so poor among US forces of
mefloquine’s written warnings that even fulminant
cases of intoxication were misattributed to other
causes. One soldier, who received no warnings of
the mefloquine’s intoxicating effects,” suffered panic
attacks and hallucinations while taking the drug. On
demanding medical attention for his concerns, he was
charged with cowardice and later with dereliction of
duty for failing to obey orders.” Only months later
did physicians suspect mefloquine in the etiology of
his disorder.

A case report, whose publication was delayed by
nearly a decade,” described an airman who continued
to take mefloquine despite experiencing restlessness,
depression, and severe emotional lability. With con-
tinued dosing his condition progressed and he was
subsequently hospitalized with hallucinations and
suicidal ideation.” Other media reports highlighted
similar cases of hallucination, impulsive aggression,
and paranoia in one returned soldier®’; and anxiety,
depression, and paranoia in other soldiers taking the
drug.” In subsequent congressional testimony, one



soldier who had experienced 3 weeks of nightmares
before discontinuing the drug testified that “every
soldier I know has problems with it.””* Military leaders
were quick to dismiss such testimony as “perception,”
cautioning “that perceptions can become realities”
should it become “widely held that this medication is
widely problematic.””?

In a prior report, military leaders had been warned
that “[a] possible consequence of continued use of
mefloquine. . . is that the negative publicity surround-
ing the drug may lower compliance among deployed
personnel.”® Despite evidence of such lowered adher-
ence,” military leaders favored the drug because of
its perceived efficacy, weekly dosing schedule, and
lower cost relative to better tolerated” daily drugs.”
In August 2003 a group of 225 Marines sent ashore in
Liberia were instructed to take mefloquine. Earlier
that year, these Marines had served briefly in Iraq and
Djibouti where they had also been directed to take
mefloquine. Following 10 days ashore in Liberia, an
outbreak of febrile illness subsequently affected 80 of
the 225 Marines; 36 remained shipboard to be managed
empirically, while 44 were medically evacuated for
presumed malaria. On epidemiological investigation,
21 of the 44 (45%) endorsed poor medication adher-
ence.” Although military physicians had claimed
anonymous surveys showed that forgetfulness, not
prodromal symptoms, was “overwhelmingly” the
cause of poor adherence,® later published reports
revealed that surveys were not anonymous, raising
questions regarding the validity of these responses.
The report also speculated that compliance “may have
been even lower than reported because some Marines
may have overestimated their adherence for fear of
administrative sanctions.”*

Formal meetings were soon convened to discuss
rising concerns about the drug, including the problem
of low adherence.* In prior meetings, leadership had
been encouraged to be more “up front about the side
effects”* to counter low adherence, but better enforce-
ment of directly observed therapy was also proposed.
Although expanded use of better tolerated” daily
drugs had been recommended, concern was expressed
at their cost and convenience in directly observed
therapy.*” One presenter, arguing the merits of its
weekly dosing, predicted that “[m]ilitary personnel
will die of malaria if [mefloquine is] not available.”

In spite of continued leadership’s support for the
drug, these meetings failed to counter overwhelming
public and congressional® concerns; despite claims
of continued safety and efficacy, most first-line use of
mefloquine was subsequently discontinued by 2004.
Having learned in July 2003 that what little malaria
there was in Iraq was sensitive to chloroquine, the
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US military switched briefly from mefloquine to
chloroquine by early 2004* before discontinuing
chemoprophylaxis altogether by late 2004.%%% In Af-
ghanistan, forces gradually switched to doxycycline
following an official report linking mefloquine to a
soldier’s suicide.® Subsequent US Army policy made
doxycycline the drug of choice in Afghanistan, with
mefloquine remaining only in limited use, notably
in operations in Djibouti and throughout the Horn
of Africa.*”

By 2006, public and congressional focus on the
drug had lessened, and partially in response to ris-
ing rates of malaria,” widespread use of mefloquine
in Afghanistan was subsequently resumed. Later
analyses of electronic records suggested that nearly
40% of those deployed that year had been prescribed
mefloquine before deployment." However, these
analyses also revealed widespread problems with
prescribing. As preexisting behavioral health con-
ditions, such as anxiety and depression, had been
known to confound recognition of developing pro-
dromal symptoms of intoxication, the mefloquine
product insert had long noted that the drug should
be used with caution in such patients. In subsequent
years, this language was strengthened and the drug
was formally contraindicated in such patients.”
Amidst earlier concerns that soldiers with such be-
havioral health conditions were on occasion being
inappropriately deployed,®” in congressional testi-
mony, military leaders had promised such soldiers
would not be prescribed mefloquine®” and would
be offered an alternate medication” as previously
formalized in Army policy.” By 2007, analysis sug-
gested that 1 in 10 deploying soldiers had behav-
ioral health conditions that contraindicated taking
the drug; of these, later analysis revealed that 1 in
7 with such behavioral health conditions had been
erroneously prescribed the drug, contrary to existing
policy and package insert guidance."

With rising recognition of the difficulties in ensur-
ing the drug’s proper prescribing, military authors
writing for the Centers for Disease Control and Pre-
vention would later note that the “continued routine
use of mefloquine” had become “less desirable.”"” A
2009 Army policy memorandum prioritized the use
of daily medications and stated that “[m]efloquine
should only be used for personnel with contraindi-
cations to doxycycline.”” This policy was extended
throughout the Department of Defense later in the
year.” Although these policies led to widespread pre-
scribing changes in Afghanistan,”” mefloquine was
briefly reprioritized for continued use in Africa” after
the death from malaria of a sailor deployed to Liberia
revived concerns about the effectiveness of daily medi-
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cations.” However, counterbalancing concerns for the
risks of mefloquine, particularly when administered
under conditions of directly observed therapy,” soon
also arose after a sailor experienced significant toxic-
ity from the drug.'” By late 2011, following a meeting
of key military stakeholders,'”! deployment guidance
even for sub-Saharan Africa had prioritized the use
of safer daily medications, including the combination
drug atovaquone-proguanil and the broad-spectrum
antibiotic doxycycline, and emphasized that meflo-
quine use “should be restricted to individuals unable
to receive either of the other regimens.”'” In early
2012, after concerns arose that some service members
were continuing to be prescribed the drug contrary to
policy, senior military health officials ordered an ad-
ditional review of mefloquine prescribing practices, '
and a prominent editorial called for military officials
to better explore “possible alternatives.” '* Further
restrictions were formalized in 2013, when mefloquine
was declared the “drug of last resort”'® and reserved
only for those “with intolerance or contraindications
to both first-line medications” atovaquone-proguanil
and doxycycline.'®

Although falling short of a complete prohibition,
policy changes beginning in 2009 served to “casually
sideline”'” what was the last remaining product of the
largest drug discovery effort of its time,'”'* replac-
ing its use in part with a drug that was the military’s
antimalarial drug of choice 20 years earlier and before
mefloquine’s 1989 introduction.” In the 3 years from
2007-2009, electronic pharmacy records indicate US
military facilities issued 48,538 mefloquine prescrip-
tions to active duty personnel; but in the 2 years from
2010-2011 following the policy changes, only 11,494
prescriptions were issued."” Popular news reports
that cited purchase figures confirmed the substantial
decline in the drug’s use and concluded that the US
Army had effectively pushed mefloquine “to the
back of its medicine cabinet.”* Intriguingly, almost 4
decades earlier, influential authors had cautioned that
mefloquine “promises to be broadly useful” to the US
military, but noted presciently that “[i]f this promise
is not realized, it will doubtless not be for lack of
antimalarial activity, but rather because of toxicologi-
cal attributes not identified in the small-scale studies
pursued to date.”"

CLINICAL FEATURES OF MEFLOQUINE INTOXICATION

Asis now understood, the “toxicological attributes”
of mefloquine include potent effects on the limbic
system and brainstem,*” where the drug may accu-
mulate'” relative to other areas of the brain.”"" Ex-
periments in animal models have demonstrated that at
physiological concentrations, mefloquine may induce
disruptions in electrical activity in the amygdala'? and
hippocampus,'*"* with effects on fear conditioning'”
and memory."® Mefloquine may also induce disrup-
tions in limbic inhibition"”"® with resultant effects
on mesolimbic dopaminergic tone."”'* Mefloquine
disrupts autonomic responses in the brainstem'' and
affects electrical activity in the pedunculopontine
nucleus,'?'? striatum,'** and inferior olive.'*'?° These
effects and others may explain the predominance of
disturbances in emotion, memory, and sleep, and
symptoms of complex neurologic dysfunction com-
monly observed in cases of mefloquine intoxication.?

As noted in the original product insert, certain
symptoms, including “anxiety, depression, restless-
ness, and confusion,” should be considered prodro-
mal to a “more serious event,” likely a euphemism
for fulminant intoxication and neurotoxicity.” Such
intoxication may manifest with predominant features
of restlessness and anxiety'”'* and may begin with
a prodrome of insomnia," nightmares,” unease,”
phobias,'** and a sense of impending doom and
restlessness®™'; and it may progress quickly to include
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outright paranoia,'*'* persecutory mania,'* panic at-

tacks,' and impulsive aggression.'* Intoxication may
also include features of confusion'*'” and psychosis,
and may begin with a prodrome of vivid dreams”
and progress quickly to include delusions;'* magical
thinking;'* dissociation;'* derealization;'*' and audi-
tory,'* olfactory,"! and visual hallucinations® and
illusions."® Hypnopompic states,””” spatiotemporal
disorientation,” and anterograde amnesia may also
occur.**'* Significant personality change” and de-
pression,”"**!* morbid curiosity toward dangerous
objects'"” and death,™ suicidal ideation and attempt,'*®
completed suicide,'”'** and acts of violence' are not
uncommon.

Many of the symptoms of the mefloquine toxi-
drome are best understood as a manifestation of an
underlying toxic limbic encephalopathy.” Toxic en-
cephalopathy (or “acute brain syndrome”"*') was first
noted before the drug’s US licensure,'**'** and a risk of
“encephalopathy of unknown etiology” was noted on
the original US product inserts. Similar to what is ob-
served with various forms of limbic encephalitis,’ this
toxidrome may also be accompanied by neurological
effects including seizures'”"* and symptoms refer-
able to the midbrain or brainstem nuclei, including
paraesthesias,*"*”"*® disequilibrium,” parkinsonism'”’
and other movement disorders,'” vertigo,”'* visual
disturbances,'® and autonomic dysfunction.'¢"'**
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CHRONIC EFFECTS OF MEFLOQUINE TOXICITY

Although early product labeling failed to warn
of the possibility of chronic effects, by the summer
of 2002, after numerous published reports'®'¢1%* of
chronic symptoms lasting 1 year or more, the US pack-
age insert was updated to note that “anxiety, paranoia
and depression . . . hallucinations and psychotic be-
havior” on occasion “have been reported to continue
long after mefloquine has been stopped.”® By 2004 a
Veterans Health Administration’s informational letter
cautioned that use of the drug could be associated with
symptoms “that persist for weeks, months, and even
years after the drug is stopped.”**'®® Today’s US me-
floquine product labeling warns that psychiatric side
effects may last years after dosing and that neurological
side effects may be permanent.” The Lariam product
information acknowledges a risk of “long lasting seri-
ous mental health problems” and warns of a risk of an
“irreversible” condition should the medication not be
stopped at the onset of certain prodromal symptoms.®

Although the chronic effects of mefloquine toxicity
had previously been attributed to the long half-life of

the drug, as would be expected of a highly lipophilic
compound'® that concentrates in brain and is subject to
complex and heterogeneous neuropharmacokinetics,'"”
psychiatric effects show little correlation with mea-
surable serum levels.'®'® With the benefit of current
knowledge, many of the chronic effects of mefloquine
are best understood as reflecting central nervous sys-
tem toxicity resulting from the drug’s heterogeneous
accumulation in the brain,"”’ which remains poorly
understood but appears subject to multifactorial ge-
netic'”"7? and pharmacologic influences."*'”*

Evidence of the central nervous system toxicity
of mefloquine was noted as early as 1996, and by
2003 the drug had been clearly demonstrated to cause
neurotoxic lesions in the brainstem of animal models
at physiological concentrations."”® Authors noted that
mefloquine’s psychiatric effects could be plausibly due
to “[iJmpairment or loss of neurons in specific regions
of the brain” and that “[m]efloquine-induced neuro-
toxicity in the limbic system might be responsible for
reported disturbances in emotion.”"’

CONFOUNDING OF DIAGNOSTIC AND STATISTICAL MANUAL OF MENTAL DISORDERS-IV
POSTTRAUMATIC STRESS DISORDER DIAGNOSTIC CRITERIA

Given the relatively high prevalence of psychi-
atric symptoms including nightmares, anxiety, and
memory and sleep problems caused by mefloquine,
military authors writing for the Centers for Disease
Control and Prevention have noted that use of the
drug may “confound the diagnosis and management”
of PTSD." Unlike many other DSM-IV disorders, the
diagnostic criteria for PTSD provided no exclusion for
symptoms resulting from a medication’s direct effects.
It is therefore conceivable that patients experiencing
mefloquine’s toxic effects may have appeared to meet
formal PTSD diagnostic criteria, even if the etiology
of the symptoms was distinct from the effects of trau-
matic stress.

How commonly the symptoms of mefloquine in-
toxication might have complicated the PTSD diagnosis
in military settings is unclear. An underpowered”’
retrospective study of US military personnel found
an increased risk of hospitalization for diagnosed
anxiety disorders and PTSD among those with prior
mefloquine exposure as compared to those deployed
without mefloquine exposure,'” but the results of this
study were not statistically significant. Despite formal
recommendations, no similar study of outpatient
encounters has been published,* and no long-term
studies of veterans have been performed to rule out
a higher incidence of such disorders after mefloquine

exposure. Anecdotal reports, however, suggest that
symptoms caused by mefloquine may be highly
comparable to those of PTSD and may have plausibly
confounded or complicated diagnosis.*®'* In one docu-
mented case, a soldier prescribed antidepressants and
mefloquine on the same day was diagnosed within 5
weeks with anxiety disorder and organic brain disease
suggestive of the toxic encephalopathy of mefloquine
intoxication. The soldier was subsequently diagnosed
with depression, suicide attempt, and PTSD by week
10."” Although the actual number of those potentially
receiving a PTSD diagnosis under similar circum-
stances is far from certain, the possibility that at least
some diagnosed cases may represent missed diagnoses
of mefloquine intoxication seems apparent.

In deployed settings where US military personnel
may have been exposed to mefloquine, the ubiquity
of potentially traumatic experiences may have had the
effect of significantly reducing the specificity of DSM-
IV diagnostic criteria. For example, in an early study of
returning service members from Afghanistan and Iraq,
encompassing the period of widespread mefloquine
use, between one-quarter and one-half of subjects
reported feeling “in great danger of being killed;”
more than one-third to one-half reported witnessing
individuals wounded or killed,' consistent with
DSM-1V criteria of experiencing, witnessing, or being
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confronted by events involving “actual or threatened
death or serious injury” (criterion Al). Similarly, in-
tense fear, helplessness, or horror (criterion A2), while
seemingly specific to external traumatic stressors, may
be readily confounded by the onset of panic attacks or
certain symptoms of psychosis,'" which may solely
result from mefloquine’s effects but whose specific
symptoms may reflect fearful or horrific content that
may risk being attributed to an external stressor in the
context of military deployment.””

Other symptoms of mefloquine intoxication may
also closely mimic many criteria B (re-experiencing)
and C (avoidant/numbing) symptoms. For example,
intrusive recollections (criterion B1), possibly reflect-
ing the effects of daytime or hypnopompal hallucina-
tions,” are a common feature of case reports.”” Simi-
larly, distressing nightmares (criterion B2), frequently
described as “vivid” and “terrifying,”* are a pervasive
feature of intoxication, affecting more than one-third of
military users during prophylactic dosing.” Similarly,
again possibly reflecting the effects of hallucinations,
symptoms consistent with flashbacks (criterion B3) are
commonly reported with reports of directed actions in
response to perceived threats.”

As the symptoms of mefloquine intoxication may
present independent of a specific external traumatic
stressor, individuals suffering from its effects may
not exhibit psychological distress or physiological
reactivity specifically in response to traumatic remind-
ers (criteria B4 and B5), but instead may experience
such reactions unpredictably and without obvious
triggers.”’ In certain environments, where traumatic
reminders are prevalent or where ascertainment or
recall bias may identity these preferentially on exami-
nation, such symptoms may be erroneously attributed
to traumatic reminders, which confounds diagnosis.
Similarly, while the effects of mefloquine intoxication
may result in nonspecific avoidance behaviors, these
may risk being similarly misattributed to an external
traumatic stressor (criteria C1 and C2) on examination.
Conversely, because of the lasting effect of mefloquine
on memory and its association with anterograde am-
nesia,'® the inability of those suffering intoxication to
recall specific aspects of a presumed trauma (criterion
C3) coincident with dosing may—in some contexts—
be erroneously deemed as meeting diagnostic criteria.

Because of the effects of mefloquine on mood and
its association with personality change and symptoms
of depression,”*!* those suffering from intoxica-

tion may exhibit diminished interest in significant
activities (criterion C4) or show detachment from
others (criterion C5).”” Similarly, a restricted range of
affect (criterion C6) may reflect the direct effects of the
drug on affect or be confounded by mild symptoms of
confusion,®'¥ dissociation, '’ or derealization.'*! Since
those experiencing intoxication from mefloquine may
also experience numerous poorly understood somatic
and psychiatric complaints, they may experience a
sense of foreshortened future (criteria C7).”

Criterion D (hyperarousal) symptoms resulting
solely from mefloquine may also be problematic
to distinguish from those from a specific traumatic
etiology and may be highly prevalent in cases of me-
floquine intoxication. Sleep problems (criterion D1),
a prominent feature, may affect a sizeable minority
of prophylactic users,” with severe cases of insomnia
and “restlessness” commonly reported.” Irritability
(criterion D2), also a commonly reported symptom,*
may have multiple etiologies, including reflecting an
effect of mefloquine-induced vestibular dysfunction
or cognitive impairment.” Concentration problems
(criterion D3) are also commonly reported in cases of
mefloquine intoxication, including problems with ex-
ecutive, visuospatial, and verbal memory, and deficits
in orientation and attention." Similarly, symptoms of
sensory overload, described as “a whole rush of stuff
going into your brain at one time,””” may be taken as
symptoms of hypervigilance (criterion D4). Lastly,
exaggerated startle response (criterion D5), while
not commonly reported in the literature, is consistent
with persistent heightened anxiety and autonomic
dysfunction, and may be expected to co-occur with
other lasting symptoms of mefloquine intoxication.

Many symptoms of mefloquine intoxication have
been reported to last at least 1 month (criterion E), and
case reports describing persistent symptoms lasting a
year or more after dosing have been reported.'**'¢*1
In some cases, certain psychiatric symptoms, such as
irritability, may become relatively more prominent
following resolution of acute intoxication.” Cases of
fulminant intoxication, particularly those featuring
panic attacks or symptoms of psychosis, will be likely
to cause significant acute distress and functional im-
pairment (criterion F).”” However, even chronic symp-
toms, such as memory impairment and irritability, may
be significantly functionally impairing, particularly if
accompanied by vestibulopathy or disequilibrium or
other chronic neurological sequelae.”

FORENSIC APPLICATIONS

As a result of the significant similarities among
conditions, the forensic psychiatrist may be asked to
evaluate a prior PTSD diagnosis for the possible con-
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founding effects of mefloquine intoxication. Such an
evaluation may be critical in determining eligibility
for disability and adjudicating claims of harm, or in



legal cases where ascertaining the possible effects of
the drug may be relevant.’

Although this chapter has established that many
of the psychiatric symptoms caused by mefloquine
may be indistinguishable from those resulting from
traumatic exposures, the frequent association of
mefloquine intoxication with chronic neurological
symptoms—including vertigo, disequilibrium, and
certain visual disorders including accommodative
dysfunction and photophobia—may permit the effects
of mefloquine to be disentangled in forensic evaluation
from those resulting from the effects of combat stress.’

In particular, mefloquine’s previously demonstrated
brainstem neurotoxicity, together with the known class
effects of related quinoline antimalarials in inducing
multifocal neurotoxic lesions throughout the midbrain
and brainstem nuclei, may—in some cases where these
are clinically significant—provide an opportunity for
objective demonstration of injury. Although the neuro-
toxic lesions produced by the quinolines are typically
too small to be visualized on conventional imaging
studies, and although routine neurological evalua-
tion is typically nonspecific in such cases, specialty
consultation with neuro-optometry, neuro-otology, or
ear, nose, and throat specialists with a focus on iden-
tifying central nervous system injury may document
objective evidence of subtle brainstem dysfunction,
and thus prove a valuable component of the foren-
sic psychiatric evaluation. Similarly, as the complex
signs and symptoms of mefloquine neurotoxicity may
mimic or be mistaken for a malingering diagnosis, or
of somatoform, conversion, or personality disorder,
such specialty evaluation should be considered es-
sential when these additional diagnoses are under
consideration.’

Establishing a diagnosis of mefloquine intoxica-
tion with or in place of a PTSD diagnosis ultimately
requires establishing plausible evidence of meflo-
quine exposure. However, as mefloquine has been
commonly mass prescribed in US military settings'
without individualized documentation, traditional
methods of establishing evidence of exposure may be
unavailable. For example, research in Afghanistan in
2006 suggested 30% of soldiers had begun their ma-
laria prophylaxis in theater,””” where prescribing has
traditionally been beyond the capture of electronic
medical records systems.”® Among Army personnel,
who comprised the majority of personnel deployed in
the period, there were only 6,514 mefloquine prescrip-
tions electronically documented between October 2007
and September 2008 to active duty personnel”’; and
in 2008 there were 8,574 such prescriptions among
Army personnel overall.” In contrast, during an ap-
proximately equal period, a total of 32,404 bottles of
25 mefloquine tablets was delivered to supporting
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logistics bases overseas in Europe and Southwest Asia,
comprising sufficient mefloquine for 16,000 year-long
prescriptions or 32,000 6-month refills."”” A compari-
son of these figures suggests a significant proportion
of these were electronically undocumented. As a
result, in US military settings, where individualized
documentation is acknowledged to have been poor,'”
presumptive evidence of exposure to mefloquine may
rest on the service member demonstrating possession
of remaining prescribed mefloquine tablets, or if these
are unavailable, reporting a reliable history of taking
the drug and being assigned to a military unit to which
the drug was issued by policy or procedure. Evidence
of this may on occasion be found in individual service
records, or in other cases this may be attested to by
other unit members or by knowledgeable medical or
command authorities.

For illustrative purposes, a representative case of
mefloquine intoxication is presented in the accompa-
nying case study. This case demonstrates the charac-
teristic features of intoxication mimicking acute stress
reaction and subsequently being diagnosed as PTSD,
while demonstrating some of the pathognomonic fea-
tures of subsequent neurotoxicity. These features per-
mitted a plausible claim of causality to be established
despite potentially confounding factors including
alcohol use and brain injury. This case illustrates the
utility of being able to demonstrate plausible meflo-
quine exposure and the value of diagnostic insights
gleaned from appropriate specialty consultation.

Case Study 19-1: In September 2003, a previously
healthy 33-year-old male soldier newly deployed to Iraq
presented to a combat stress control unit complaining of
the acute onset 4 days earlier of severe anxiety, paranoia,
visual and auditory hallucinations, persecutory delusions, and
confusion, with worsening physical complaints of dizziness
and photophobia. The soldier was a member of a US Army
Special Forces unit located at a small team house in the city
of Samarra. The night his symptoms began, he reported be-
ing jolted awake by a “hyperrealistic” and terrifying nightmare
in which his room was exploding in a giant fireball. Believing
the team house was under attack and believing he saw the
enemy bursting into his room,** he grabbed his weapon and
quickly donned his combat gear and proceeded to conduct a
tactical room-to-room search of the house’s sleeping quar-
ters. He was horrified to perceive the sleeping members of
his unit as mangled corpses, vividly reminiscent of the corpse
of an insurgent he had seen the evening before in conjunc-
tion with a mission. With insight that he was hallucinating, he
returned to his room anxious, paranoid, and unable to sleep.

The next day, he informed his supervisor of his psychotic
symptoms and his fears that he was having a “nervous
breakdown.” That day, as he interacted with team members,
he perceived them as horrific “talking skeletal remains,” and
he heard nearby muffled voices plotting his death. His per-
secutory delusions worsened the following day when, after
insisting on medical care for his symptoms and fearing for
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their safety, his unit members disarmed and confined him
while they awaited his transport to a nearby combat stress
control unit. Over the next 2 days, as he awaited evaluation,
he was repeatedly advised that he had a choice to return to
his duties or face legal repercussions for what appeared to
be cowardly behavior.

His medical history was significant only for a sports con-
cussion in his mid-teens, for which he was briefly hospitalized
and had made a complete recovery. He had no personal or
family history of mental iliness. He was serving as a human
intelligence collector and interrogator, had passed a full
background investigation, and had been granted a top secret
security clearance.

His only medication was mefloquine, which he had be-
gun approximately 2 weeks before his departure to Irag. He
had taken his third 250 mg weekly dose 2 days before the
onset of his symptoms. In the days before his arrival in Iraq
he had consumed a modest amount of alcohol with meals
while awaiting air transport. Before the acute onset of his
psychosis, he had experienced no prodromal symptoms,
including vivid dreams, personality change, anxiety, restless-
ness, depression, or confusion.

At the time of initial evaluation, his psychiatric symptoms
were attributed to a combat stress reaction or to a panic at-
tack stemming from his initial encounter with the deceased
Iraqgi insurgent.’” An adverse reaction to mefloquine was not
suspected. The soldier had been issued the drug months
after the FDA first required issuance of the mefloquine medi-
cation guide “wallet card;” but despite this requirement, he did
not receive either the wallet card or the verbal or other written
instructions on under what conditions to discontinue the drug.
Unaware of the information contained in this documentation,
he continued to take mefloquine for 2 additional weeks after
the onset of his symptoms of anxiety and confusion for a
total of five doses.

Although combat stress control had recommended local
treatment, his unit had elected to initiate legal proceedings.
He was swiftly returned to the United States and subse-
quently charged by the US Army under Article 99 of the
Uniformed Code of Military Justice with cowardice, a crime
that carries a maximum penalty of death.

On seeking civilian counsel, and based on intense media
interest in his case, his legal team became informed that
his symptoms might be related to mefloquine and proposed
exposure as a defense. The soldier’s use of mefloquine
was initially challenged by the US Army, owing to lack of
documentation of a prescription. However, exposure was
conceded when the soldier demonstrated possession of his
remaining tablets.

In October 2003, the charge of cowardice was dismissed
without explanation and immediately replaced with a charge
of willful dereliction of duty. This charge was dismissed
in December 2003, after which the soldier spent months
while additional charges were considered and his medical
concerns were evaluated. During this period, a PTSD di-
agnosis was assigned. Although his psychiatric symptoms
gradually improved, his physical symptoms including vertigo,
disequilibrium, photophobia, and accommodative dysfunction
became relatively more prominent.

In March 2004, following an independent medical evalu-
ation arranged through his counsel, a military physician
concurred that “[b]ased on the [soldier’s] historical account of
the anxiety symptoms that occurred in Iraq, it is very plausible
that the symptoms that he experienced could be related to
his use of mefloquine.””® On subsequent evaluation, an ear,
nose, and throat specialist documented nystagmus, and he
was diagnosed with a vestibular injury and “likely [mefloquine]
toxicity.” Brainstem injury was suspected.'”®

Upon being informed of this diagnosis, in June 2004
the US Army terminated all legal action against the soldier,
explaining that “[a]dditional information became available
over time that indicates that [the soldier] may have medical
problems that require treatment.””

Although the US Army never formally acknowledged
causal attribution to mefloquine, the soldier was temporarily
medically retired in April 2005, and he was formally medically
retired for his vestibular disorder and a PTSD diagnosis in
August 2006. In subsequent years, many of his chronic symp-
toms of disequilibrium gradually improved following physical
and vestibular rehabilitation, but a decade after onset he
complains of being occasionally short tempered and irritable
and experiencing intermittent vertigo and photophobia.

SUMMARY

In settings where use of the drug cannot be ruled
out, symptoms of the mefloquine toxidrome—
including nightmares, anxiety, and memory and
sleep problems—may plausibly confound a PTSD
diagnosis and other stress disorders related to military
service. With this chapter, it should be evident that
the mefloquine toxidrome—long and previously
overlooked—may have significant relevance in
military forensic psychiatry, particularly in the
evaluation of soldiers and veterans with prior service
in Somalia, Iraq, Afghanistan, and other areas of the
world where the drug is likely to have been used since
its development more than 40 years ago.'®
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In addition to aiding and informing current prac-
tice, the observations in this chapter may also suggest
the intriguing historical question of whether lasting
effects similar to those now attributable to mefloquine
may also have occurred from the administration of
other closely related quinoline antimalarial drugs,
including quinacrine during World War II and chlo-
roquine during the Vietnam War. In this respect, it is
intriguing that PTSD evolved considerably as a diag-
nostic entity in the years following the Vietnam War,
mirroring in some ways the greater understanding
of stress disorders in the years following World War
I1."%31% The potential for significant confounding of
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the effects of intoxication from antimalarial quinolines  and challenges of military forensic psychiatry and
with those caused by war-related traumatic exposures  points to untapped opportunities for more important
provides a fascinating glimpse into the complexities  research.

Dr Nevin receives consulting fees from attorneys representing clients alleging harm from their exposure to me-
floquine, and he has been retained as an expert witness in criminal and civil cases involving civilians and
military personnel exposed to the drug.
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Mefloquine is an antimalarial drug that has been commonly used in military settings since its development by the US military in the
late 1980s. Owing to the drug’s neuropsychiatric contraindications and its high rate of inducing neuropsychiatric symptoms, which
are contraindications to the drug’s continued use, the routine prescribing of mefloquine in military settings may be problematic.
Due to these considerations and to recent concerns of chronic and potentially permanent psychiatric and neurological sequelae
arising from drug toxicity, military prescribing of mefloquine has recently decreased. In settings where mefloquine remains
available, policies governing prescribing should reflect risk-benefit decision-making informed by the drug’s perceived benefits and
by consideration both of the risks identified in the drug’s labeling and of specific military risks associated with its use. In this review,
these risks are identified and recommendations are made for the rational prescribing of the drug in light of current evidence.

1. Introduction

The antimalarial drug mefloquine (commonly marketed as
Lariam) had until recently enjoyed a long history of pre-
ferred use in certain military settings in the prophylaxis
of chloroquine-resistant P. falciparum malaria. Originally
developed by the US military in a Vietnam War-era drug
development program and subsequently licensed for prophy-
lactic use in the US in 1989 [1], mefloquine has, in the over
quarter century since, been widely used by the US military
and by various international militaries during deployments
in malaria-endemic areas, including the Horn of Africa [2-4],
sub-Saharan Africa [5], Australasia [6, 7], Southeast Asia [8],
and the Middle East—particularly during recent large-scale
operations in Iraq and Afghanistan [8, 9].

Mefloquine is a 4-quinolinemethanol closely related to
quinine, and the drug shares a common structural core with
related quinoline antimalarial and antiparasitic compounds
that exhibit clinically significant but idiosyncratic neurotox-
icity [10]. Recently, mefloquine was itself recognized as an
idiosyncratic neurotoxicant that may cause permanent injury
to the central nervous system (CNS) [10]. Mefloquine readily
crosses the blood brain barrier (BBB), where it may adversely
affect the function of neurons particularly in the limbic

system and brainstem [10, 11]. In susceptible individuals,
likely owing to idiosyncratic genetic and environmentally
mediated variability in neuropharmacokinetics that may
serve to limit its enzyme-mediated efflux back across the
BBB [12], the drug may accumulate to intoxicating and even
neurotoxic concentrations in the CNS during prophylactic
use [10].

At prophylactic doses of 250 mg weekly, a sizeable minor-
ity of mefloquine users may experience one or more neu-
ropsychiatric symptoms attributable to the drug [13]. Recent
mefloquine drug labels describe “very common” side effects
including insomnia and abnormal dreaming affecting greater
than 10% of prophylactic users and “common” side effects
including anxiety and depression affecting between 1and 10%
of prophylactic users [14]. Other side effects described as
“uncommon” but reported in between 1 and 10 prophylactic
users per 1,000 include agitation, aggression, restlessness,
panic attacks, mood swings, and confusion [15].

Rather than representing isolated “side effects,” various
mefloquine drug labels have emphasized that certain of these
must be considered as “prodromal” symptoms [14, 16]—
potentially indicating a personal idiosyncratic susceptibility
to more serious CNS drug toxicity. For example, the current
US drug label warns that “the occurrence of psychiatric



symptoms such as acute anxiety, depression, restlessness or
confusion suggest a risk for more serious psychiatric distur-
bances or neurologic adverse reactions” [17]. Among suscep-
tible individuals, such prodromal symptoms may progress to
a potentially life-threatening condition [11] that early drug
labeling euphemistically referred to as “a more serious event”
[16] but which may represent the effects of a progressive
limbic encephalopathy caused by drug intoxication [18]. Such
encephalopathy commonly manifests as a paranoid, manic,
confusional, or dissociative psychosis and may be associated
in severe cases with a risk of permanent neurological sequelae
including neurotoxic brainstem injury [10, 18] and permanent
psychiatric sequelae including homicidal violence and suicide
[8,11,19, 20]. Among those reporting adverse events from the
drug—and as would be expected from a postencephalopathy
syndrome [11]—some continue to experience neurological
and psychiatric sequelae, including vertigo, dizziness, dise-
quilibrium [21], nightmare disorder, and cognitive impair-
ment [22] years after acute intoxication. Such chronic neu-
rological and psychiatric sequelae may plausibly confound
the diagnosis and management of other conditions associated
with military service, including traumatic brain injury and
posttraumatic stress disorder [8, 23, 24].

Although drug label warnings dating back to the US
introduction of mefloquine in 1989 noted the drug “must be
discontinued” at the onset of certain listed prodromal symp-
toms [16], recently these warnings have been widely updated
to more explicitly define under what conditions continued
use of the drug should be contraindicated. In 2013, US drug
regulators mandated the inclusion of a boxed warning on
generic versions of the drug clarifying that “if psychiatric
or neurologic symptoms occur” during prophylactic use—
a warning cautiously encompassing all possible neuropsy-
chiatric symptoms of the intoxication prodrome—the drug
“should be discontinued” [17]. That same year, European
regulators issued guidance to physicians that should those
taking mefloquine experience “a neuropsychiatric reaction,”
including “changes to their mental state,” “they should stop
taking mefloquine immediately and seek urgent medical
advice” [25]. Similarly, at least one “Dear Doctor” letter
has explicitly counseled healthcare providers to advise their
patients to “seek immediate medical advice” for any “psy-
chological changes” including “sleep disorders” or “abnormal
dreaming” that occur while taking the drug [26].

Prior to the these changes, the writings of numerous
influential authors may have served to undermine earlier
recommendations by the drug’s manufacturer to immediately
discontinue mefloquine at the onset of certain of these
symptoms [27], by claiming, for example, that the drug could
be continued even following the development of certain listed
prodromal symptoms such as anxiety [28] or by suggesting
that assumed prodromal symptoms of CNS toxicity might
instead be due to causes other than mefloquine, such as recre-
ational substance use, preexisting mental illness, the stresses
of travel [28, 29], or stressful military environments [30]—
failing to emphasize the recommendation to nonetheless
immediately discontinue the drug despite this uncertainty.

Additionally, widespread confusion that only those with
a history of certain mental health disorders were susceptible
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to the adverse psychiatric effects of mefloquine—a confusion
which appears to have increased when such a history was
added to the drug label as a formal contraindication [31]—
may have contributed, at least in certain cases [32], to
prodromal symptoms of CNS toxicity being erroneously
misattributed to such a presumed history and not to the
drug. In military settings, widespread belief among senior
leaders that such prodromal symptoms occurred only rarely
[33-35] and far less commonly than had been previously
demonstrated [32] may have further contributed to the drug
not being discontinued as often as drug label guidance
recommended—for example, as rarely as in 1 in 334 users in
one early example of US military use [4].

With recent strengthened warnings and with understand-
ing that prodromal symptoms may occur quite commonly
even in perfectly healthy individuals, efforts to better comply
with drug label guidance now make the “very common”
incidence of prodromal symptoms induced by mefloquine
incompatible with the drugs widespread convenient and
safe use in prophylaxis. In randomized blinded trials, at
least 29% [36, 37] of prophylactic mefloquine users reported
one or more neuropsychiatric symptoms consistent with the
prodrome of intoxication, thus contraindicating continued
use of the drug in accordance with current drug label
guidance.

In military settings where the background incidence of
such symptoms may already be increased owing to common
stressors associated with deployment or to preexisting mental
health conditions which may be prevalent in 10% or more
of deploying military personnel [38], the recognition and
correct attribution of prodromal symptoms to drug intoxica-
tion may be particularly confounded [23]. Such confounding
increases the risk of potentially life-threatening or permanent
sequelae of severe intoxication if the cause of such symptoms
is erroneously misattributed and the drug is consequently not
immediately discontinued.

As awareness has increased both of these considerations
and of the potentially permanent effects of the drug’s CNS
toxicity [39-41], use of the drug has decreased [42, 43] and
has been formally deprioritized by policy in certain military
settings, in favor of the more widespread use of safer and
better tolerated alternatives [44-46].

Although even the innovator license holder has conceded
that mefloquine is no longer the most effective available anti-
malarial for the prevention of malaria [47], use of mefloquine
in certain military settings has been claimed as potentially
advantageous for a number of other reasons, including
the drug’s convenient weekly dosing (which may facilitate
directly observed therapy) [48, 49], its somewhat lower cost
relative to certain alternatives [50, 51], and its indication for
long term use in the absence of contraindications [52].

Owing to slight international differences in such costs and
indications, as well as to differences in risk-benefit decision-
making, international military antimalarial policies have
varied, even between deployments posing similar risks to
military forces. For example, for military deployments to Dji-
bouti (a nation located in the Horn of Africa) French military
forces discontinued the widespread use of mefloquine in 2002
in favor of preferred use of the broad-spectrum antibiotic and
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antimalarial doxycycline [2]. In contrast, US forces, which
had been prescribing mefloquine to its personnel there at a
dose of 250 mg weekly, delayed preferred use of doxycycline
until 2009 [2], before next substituting the combination drug
atovaquone/proguanil (commonly marketed as Malarone) in
2011 [46]. In contrast, German forces have always preferen-
tially used atovaquone/proguanil for the duration of their
deployments there [2].

Military policies that retain the widespread use of
mefloquine for its perceived advantages or for use in rare
cases where preferred alternative antimalarials cannot be
taken should reflect rational risk-benefit decision-making
informed not only by awareness of the drug’s presumed ben-
efits and of the risks identified in the drug’s labeling, but also
by changing awareness, recognition, and acknowledgement
of the risks associated with any use of the drug in military
settings. In this review, specific risks associated with military
use of mefloquine are identified, and recommendations for
the rational use of the drug in military settings are then made
in light of current evidence.

2. Military Specific Risks

Years prior to the original licensing of mefloquine, concerns
were raised at certain risks associated with use of the drug
in military settings. For example, one study, published in
1982, noted “legitimate concern for mefloquine’s safe use
in aircrewmen” [53]. Such initial concerns were motivated
mostly by consideration of the drugs quinine-like neu-
rological effects, which subsequently contributed to initial
recommendations [54], later formalized, to prohibit all use
of the drug among aviation personnel.

Although the initial US drug label had advised that
owing to concerns of “neuropsychiatric reactions” “caution
should be exercised” while “piloting airplanes,” “driving,”
and “operating machines” [16], in contrast to concerns over
its use in aviation personnel, with limited exceptions [55],
these warnings did not contribute to particular recommen-
dations against use of the drug in other military occupational
settings—for example, among drivers or machine operators.
Although early research would demonstrate that dizziness
and “lightheadedness” were not infrequently reported [32],
other research suggested, somewhat counterintuitively, that
mefloquine either had no significant effect on [56] or
could even improve psychomotor performance, including
performance on certain driving tests [57]. Similarly, a study
suggesting subjective “ability to work” was not affected
by mefloquine may reflect the effects of selection bias
owing to the study’s very high nonresponse rate [58]. With
recent understanding of the adverse neurological effects of
mefloquine on structures in the brainstem, including the
inferior olive [59], research has emerged demonstrating
that mefloquine may impair motor learning during cer-
tain complex tasks, such as those comparable to marks-
manship, with “clinical implications for mefloquine users”
[60].

Similarly, although mefloquine was noted during early
testing to adversely alter patterns of dreaming and signifi-
cantly reduce overall sleep duration [32] and despite broad

military acknowledgement of the importance of sleep hygiene
[61], such concerns have not, until recently, significantly
informed military use of the drug. Early warnings by the drug
manufacturer for users of the drug to report “sleep disorders
including abnormal dreaming” [26] to their physician were
similarly not widely communicated. Only in recent years,
as awareness has grown that symptoms of disturbed sleep,
including insomnia and abnormal dreaming, are “very com-
mon” with prophylactic use of mefloquine [14] and that vivid
nightmares described occasionally as having “technicolor
clarity” [32] are not benign and should be considered con-
traindications to the drug’s further use, have the potentially
negative impact of these effects on military performance and
military operations been more broadly considered in military
settings.

Likewise, reports of symptoms such as panic attacks and
confusion, which while being described as “uncommon” may
nonetheless affect between 1 and 10 prophylactic users per
1,000 [15] and thus may not be infrequent during large mil-
itary deployments, may be problematic in military settings.
Disturbing case reports of deployed service members expe-
riencing episodes of panic resulting in abnormal behavior
[8] or of being confused and found “wandering aimlessly”
[62] raise legitimate concerns for their likely occurrence in
deployed environments. Of potentially similar concern are
the drug’s noted subclinical effects among military personnel
particularly on measures of “tension” and “anger” [32], which
may serve to measurably shift patterns of behavior in large
populations exposed to the drug.

Although not unique to military settings, concern of
suicide associated with use of the drug has also been a
pervasive concern, particularly in the US military, dating at
least back to the first large-scale deployment of troops to
Iraq in 2003 during which use of mefloquine was widespread
[8] and an increased risk of suicide was observed [63].
Although the US drug label had by this time acknowledged
reports of suicide and suicidal ideation with the drug [64],
military officials initially testified they did not believe that
mefloquine “represents the big causal factor in our suicide
rates” [33]. Yet subsequently, at least one military suicide
was considered consistent on psychological autopsy with
the effects of mefloquine intoxication [65]. A later media-
affiliated study among Irish service members suggested that
risk of suicide could have been increased up to fivefold among
deployed cohorts exposed to mefloquine [66]. With meflo-
quine known to increase the risk of mental disorders [67]
and with mental disorders known to increase risk of suicide
[68], such results are plausible and qualitatively consistent
with known suicide epidemiology. Unfortunately, despite
independent recommendations [69] to more formally study
the epidemiology of mefloquine suicide—and although such
studies initially described as seeking “to dispel... [meflo-
quine] suicide myths” [70] had been previously claimed by
senior military officials to be either planned or in progress
[71, 72]—the results of these studies remain unpublished
in the peer-reviewed literature. Recent large-scale military-
sponsored studies of suicide have similarly failed to consider
exposure to mefloquine in their risk factor analysis [73, 74],
potentially confounding the observed association of suicide



with deployments [73] where use of the drug may have been
widespread [8, 75].

In addition to concerns of self-directed violence, meflo-
quine is strongly associated in postmarketing studies with
risk of violence towards others, including homicide [20, 76],
magnifying concerns of these consequences with the drug’s
use among military personnel who are likely to be heavily
armed during use of the drug. Owing to the known associ-
ation of the drug with agitation and aggression, which may
affect between 1 and 10 in 1000 users [15], and to the drug’s
known association with symptoms of more acute intoxication
including dissociative and paranoid psychosis, there has been
reasonable speculation by military and government officials
that mefloquine intoxication may have contributed to cases of
homicidal violence overseas [77] and among returned service
members [78].

Similar concerns arose recently following receipt by the
US Food and Drug Administration (FDA) of a drug adverse
event report of uncertain provenance [79] describing a US
service member who “developed homicidal behavior” which
“led to [h]omicide killing 17 Afghanis [sic].” Although this
report alludes clearly to a well-known case of a soldier found
guilty of a similar crime who had been issued with mefloquine
during a prior deployment [80], US military officials have nei-
ther confirmed nor denied his use of mefloquine during his
most recent deployment [81], making any causal association
of this incident with acute intoxication speculative.

Intriguingly, although public records reveal the soldier
had been prescribed doxycycline, at the time of his arrest,
this bottle of medication was found sealed and unopened
[82]. At the time of the incident, the soldier was assigned to
a special forces unit affiliated with US Army Special Oper-
ations Command (USASOC) and was known to have been
given multiple prescription drugs without documentation by
special forces personnel [82, 83]. Within a year and a half
of the massacre, USASOC issued a formal order prohibiting
the use of mefloquine among its personnel, acknowledging
that “consideration must be made for the impact of this
medication on our population” [44].

3. Discussion

In the over quarter century of international military use
of mefloquine, many of the drug’s unique risks in military
settings have become more widely appreciated and now
more routinely inform policies for the use of the drug.
Similarly, over this period, many of the drug’s perceived
advantages have been disproved both by formal evidence and
by experience.

For example, and in contrast to original expectations,
certain studies have found equal or higher compliance with
daily as compared with weekly prophylaxis [84, 85], and
recent military deployments where daily antimalarial drugs
have been prioritized for use have been ecologically associ-
ated with significantly lower rates of malaria than comparable
deployments where mefloquine had previously been the drug
of choice [5, 86, 87]. A number of these daily antimalarial
drugs have also obtained formal indications for use in many
jurisdictions independent of duration of therapy [88, 89],
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removing one of the remaining perceived advantages of
mefloquine [58] relative to these safer and better tolerated
medications.

Likewise, the findings of prior economic analyses which
have found cost advantages with use of mefloquine [50, 52,
90] are typically not generalizable to military settings, in that
these analyses fail to consider the high potential costs of risks
unique to these contexts. As experience and this review have
demonstrated, these costs, which include both direct and
indirect economic costs, may be significant.

As described elsewhere [13], even independent of these
considerations—and although mefloquine clearly remains
indicated for prophylaxis in every jurisdiction in which it
was originally licensed—owing to the high rate of preexisting
contraindications to its use and to the high rate of induced
contraindications with use of the drug, convenient and safe
use of mefloquine on a widespread basis as a “drug of choice”
is now prohibitive in most military settings. While such
considerations alone should preclude the mass prescribing
of mefloquine as a first-line agent, use of the drug may
still be considered by some militaries as a second- or third-
line agent [55], in spite of the broader concerns identified
in this review, on an individualized basis among those
with contraindications or intolerance to preferred alternative
antimalarials.

Unlike the case with mefloquine, true contraindications
to alternative drugs for prophylaxis of chloroquine-resistant
P falciparum are very rare: of the alternative drugs com-
monly available internationally for this indication, although
intolerance to doxycycline is not at all uncommon [91],
atovaquone/proguanil is, in contrast, exceptionally well tol-
erated [85, 88], with blinded trials reporting a rate of dis-
continuation due to adverse events of only 1% to 2% during
prophylactic use [36, 37]. Military policies that deprioritize
use of mefloquine to a second- or third-line drug, for use
only in those with contraindications or intolerance to these
alternatives, should therefore expect to see fewer than 1-2%
prescribed mefloquine, and any greater rate of prescribing
should prompt a careful review of prescribing practices [75]
to identify the causes of deviation from such policy. Addition-
ally, certain recommendations, first described elsewhere [13]
and outlined more fully below, should be considered in the
setting of military policies that permit continued use of the
drug.

4. Recommendations

Military policies that permit continued use of mefloquine
as a second- or third-line antimalarial drug should ensure
the implementation of a number of precautions to properly
comply with recent labeling guidance and to reduce the
risk of more severe intoxication and its potentially chronic,
permanent, or life-threatening sequelae.

First, in accordance with international labeling guidance,
such policies must ensure that service members that pre-
scribed mefloquine are informed that any neuropsychiatric
symptoms that may develop while taking the drug may be
evidence of a personal susceptibility to drug intoxication that
should mandate its immediate discontinuation. Although
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prior to recent labeling changes such symptoms were poorly
appreciated as evidence of CNS toxicity and commonly
attributed to other causes, current drug label guidance has
clarified that even relatively common symptoms, including
insomnia or other sleep disturbances, vivid dreams or night-
mares, mild anxiety or depressive symptoms, and other even
potentially subtle changes in “mental state” such as irritability
or personality change, should be considered as cause to seek
medical attention and immediately discontinue the drug [13].
Similarly, counseling at the time of prescribing and
dispensing should extend beyond the mere issuance of a
printed warning (or “wallet card”) and be complemented
by a documented test of knowledge of its contents, as well
as by educational efforts extended throughout the service
member’s chain of command, particularly to ensure that
others are aware of the typically subtle signs and symptoms
of mefloquine intoxication. In prior military settings, absent
widespread awareness of the symptoms of intoxication, these
have been both occasionally overlooked or unrecognized by
the service member [18, 62] or even when recognized they
were erroneously attributed both by medical personnel and
to the chain of command to causes other than the drug [8, 13].
Second, particularly in military settings where strong
disincentives may exist against the reporting of mental health
symptoms, including those resulting from fears of stigma,
even with adequate education, certain intoxicated patients
may fail to heed drug label guidance to report such symptoms
and may therefore risk continuing taking the drug. To min-
imize these risks, where directly observed therapy is imple-
mented, this should be conducted in private by medical per-
sonnel and not through the chain of command so as to min-
imize barriers to reporting of potentially stigmatizing pro-
dromal symptoms. Similarly, where directly observed therapy
is not implemented, medical personnel should nonetheless
conduct routine evaluations of those on the drug to rule out
prodromal symptoms of intoxication—such as paranoia or
confusion—which may limit such reporting [13, 80, 92].
Third, as many cases of mild intoxication—though not
all—may be identified during the first few weeks of drug use
[27], to further reduce the risk of more severe intoxication
with continued dosing, military policies should strongly
consider limiting initial prescribing of the drug to a small
number of tablets to be taken prior to deployment, with the
service member evaluated regularly and carefully by medical
personnel during this period to assess the development of
prodromal symptoms. If none are detected, policy could then
permit prescribing the remaining tablets for deployment [13].
Similarly, as it can take as many as 7-10 weekly doses
of mefloquine for the drug to achieve steady state and
protective concentrations in serum, where deployment dates
are known this far in advance, a prolonged period of
use prior to deployment should be considered both to
improve the drug’s antimalarial effectiveness and to further
minimize the risk of unrecognized intoxication that might
occur during deployment. This consideration is particularly
relevant during remote deployments, where the patient may
be far from medical care and where certain of the preceding
recommendations requiring medical evaluation may not be
feasible [13].

Finally, and in this respect, the military clinician and the
chain of command should be prepared for the consequences
of the need for service members to immediately discontinue
the medication while in a malaria-endemic area and when far
from medical care. In those cases where the drug is prescribed
as a second-line drug, policy should require the coprescribing
of a few weeks’ supply of an alternative third-line antimalarial,
to be used on discontinuation of mefloquine until medical
evaluation can be arranged. Similarly, in those rare cases
where the drug is prescribed as a “drug of last resort”—
as such use implies that no other prophylactic medications
are available to switch to—in areas where malaria is highly
endemic and where mosquito-avoidance measures alone may
be insufficient, this may mandate the service member’s early
evacuation to minimize risks when mefloquine is discontin-
ued. Although under such conditions it may appear reason-
able for the chain of command or the military clinician to
recommend continuing the use of mefloquine until evacua-
tion can be arranged, the risks associated with such continued
dosing could outweigh even the risk of sequelae from a treat-
able episode of malaria that could develop during the period,
making such a recommendation decidedly unwise [13].

Faithful implementation of these recommendations may
serve to minimize the risks associated with use of mefloquine.
However, given that severe intoxication and permanent
effects have been reported after as little as a single 250 mg
tablet [93], these recommendations may serve to minimize
but will not fully eliminate the unique military risks consid-
ered in this review that are associated with continued use of
mefloquine, even rarely as a second- or third-line drug.

5. Conclusions

Military policies that permit the continued use of mefloquine
expose militaries to certain unique risks not encountered
with most civilian use of the drug. These risks, when fully
recognized and acknowledged, exceed the drug’s benefits in
many military settings. While international drug regulators
may consider a more limited set of risks when addressing
issues in drug safety regulation, militaries must consider
these additional risks in formulating policies for the rational
use of this medication. Consideration of the issues in this
review may aid militaries in formulating rational policies for
the safer use of the drug. Depending on these militaries’ risk
tolerance, such consideration may serve to motivate further
prohibitions on the use of mefloquine in line with those
already in place in a growing number of military settings.
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