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Background

• Mefloquine was developed by the U.S. military as an 
antimalarial drug 
– Origins in the late 1960s during a Vietnam War-era program 

• Widespread use in the U.S. military beginning in the early 
1990s (e.g. Somalia, SOCOM, OIF/OEF, AFRICOM)
– Tens (hundreds?) of thousands of veterans have been exposed

• Recently deprioritized for use by DoD
– Followed U.S. and international “black box” warnings and 

recognition of chronic psychiatric and neurologic effects



2013 “Drug of Last Resort” Policy Memorandum

“Mefloquine is the drug 
of last resort for malaria 
chemoprophylaxis and 
should only be used in 
persons with 
contraindications to 
chloroquine, doxycycline 
and atovaquone-
proguanil.”



Declining Use of Mefloquine within DoD

Woodson J. Memorandum. Subject: Notification for Healthcare Providers of Mefloquine Box Warning. August 12, 2013. Emphasis added.



“[Mefloquine] may cause 
long lasting serious mental 

problems… Some people 
who have taken [mefloquine] 

developed serious 
neuropsychiatric reactions…”

Roche UK. Lariam product documentation, June 2018. Emphasis added.



“Psychiatric symptoms such 
as insomnia, abnormal 

dreams/nightmares, acute 
anxiety, depression, 

restlessness or confusion
have to be regarded as 
prodromal for a more 

serious event.”

Roche UK. Lariam product documentation, June 2018. Emphasis added.



“In a small number of patients, 
it has been reported that 

neuropsychiatric reactions 
(e.g. depression, dizziness, 

or vertigo and loss of balance) 
may persist for months or 

longer, even after 
discontinuation of the drug.”

Roche UK. Lariam product documentation, June 2018. Emphasis added.



“… an irreversible condition.”

Roche UK. Lariam product documentation, June 2018. Emphasis added.



“In this report, an adverse reaction to mefloquine chemoprophylaxis is described 
characterized by prodromal symptoms of anxiety with subsequent development 
of psychosis, short-term memory impairment, confusion and personality 
change accompanied by complaints of disequilibrium and vertigo, with objective 
findings of central vestibulopathy. It is posited that these effects represent an 
idiosyncratic neurotoxic syndrome of progressive limbic encephalopathy and 
multifocal brainstem injury caused by the drug”.

Nevin RL. Limbic encephalopathy and central vestibulopathy caused by mefloquine: A case report. Travel medicine and infectious 
disease. 2012;10(3):144–51.



Dow G, Bauman R, Caridha D, et al. Mefloquine induces dose-related neurological effects in a rat model. Antimicrobial 
agents and chemotherapy. 2006;50(3):1045-1053. 

“The brain stem structure that we observed to be primarily targeted by 
mefloquine was the n. gracilis. The n. gracilis is a component of the dorsal 
column system which transfers proprioceptive signals… Simple clinical 
neurological exams of humans might also reveal whether the loss of 
proprioceptive function underpins the vertigo/dizziness seen with some 
mefloquine-treated patients. It is also important to point out that the 
mefloquine-induced brain stem injury revealed by silver staining is 
permanent in nature.”



U.S. Mefloquine Boxed Warning
• Potential signals of vestibular disorder were identified by the FDA 

Adverse Event Reporting System (AERS) between April - June 2012
• Pharmacovigilance evaluation by the FDA led to July 2013 Boxed 

Warning:

U.S. Food and Drug Administration. FDA Drug Safety Communication: FDA approves label changes for antimalarial drug mefloquine hydrochloride due 
to risk of serious psychiatric and nerve side effects. July 29, 2013. http://www.fda.gov/downloads/Drugs/DrugSafety/UCM362232.pdf.



Roxanne Laboratories. Mefloquine Hydrochloride. United States Product Insert. June, 2013.



U.S. Food and Drug Administration. FDA Drug Safety Communication: FDA approves label changes for antimalarial drug mefloquine hydrochloride due 
to risk of serious psychiatric and nerve side effects. July 29, 2013. http://www.fda.gov/downloads/Drugs/DrugSafety/UCM362232.pdf.



F. Hoffmann-La Roche. Lariam Product Insert, USA. 1989.
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Nevin RL, Leoutsakos J-M. Identification of a Syndrome Class of Neuropsychiatric Adverse Reactions to Mefloquine from Latent Class 
Modeling of FDA Adverse Event Reporting System Data. Drugs R D. 2017;17(1):199-210. 

“A distinct neuropsychiatric syndrome class was identified that was strongly and 
significantly associated with reports of mefloquine use (odds ratio = 3.92, 95% 
confidence interval 2.91-5.28), defined by a very high probability of symptoms of 
deliria (82.7%) including confusion and disorientation, and a moderate 
probability of other severe psychiatric and neurologic symptoms including 
dementia and amnesia (18.6%) and seizures (18.1%). The syndrome class was 
also associated with symptoms that are considered prodromal including 
anxiety, depression, sleep disturbance, and abnormal dreams, and 
neurological symptoms such as dizziness, vertigo, and paresthesias”.



9/43 (21%) reporting nightmares with use of the drug and 14/42 
(33%) reporting cognitive dysfunction with use of the drug 
reported these persisting for > 3 years. 

Ringqvist Å, Bech P, Glenthøj B, Petersen E. Acute and long-term psychiatric side effects of mefloquine: A follow-up on Danish adverse event 
reports. Travel Med Infect Dis. 2015;13(1):80-88.



Symptoms of Chronic Mefloquine Poisoning

• Nightmares, abnormal dreams, insomnia
• Anxiety, panic and depression
• Paranoia and delusions
• Cognitive problems
• Tinnitus and hearing problems
• Dizziness, vertigo, and disequilibrium
• Visual disturbances
• Many others…
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Mefloquine, PTSD, and TBI

Magill A, Cersovsky S, DeFraites R. Special Considerations for US Military Deployments. In: Brunette GW, ed. 
CDC Health Information for International Travel: The Yellow Book 2012. New York, NY: Oxford University 
Press; 2012:561-565. Emphasis added.

Special Considerations for US Military 
Deployments

“Neuropsychiatric side effects may 
confound the diagnosis and management 
of posttraumatic stress disorder and 
traumatic brain injury, which makes the 
continued routine use of mefloquine less 
desirable.”
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Nevin RL. Mefloquine Exposure May Confound Associations and Limit Inference in Military Studies of Posttraumatic Stress Disorder. Military 
Medicine. 2017;182(11/12):1757.
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“Especially pertinent to the military population, it 
demonstrates the difficulty in distinguishing from 
possible mefloquine-induced toxicity versus PTSD,
and raises some questions regarding possible linkages 
between the two diagnoses”.

Livezey J, Oliver T, Cantilena L. Prolonged Neuropsychiatric Symptoms in a Military Service Member Exposed to Mefloquine. Drug Saf Case 
Reports. 2016;3(1):7. Emphasis added.



Adjusted risk of PTSD diagnosis in a non-deployed subgroup 
was nearly doubled among those prescribed mefloquine as 
compared with those prescribed atovaquone-proguanil.

Eick-Cost AA, Hu Z, Rohrbeck P, Clark LL. Neuropsychiatric Outcomes After Mefloquine Exposure Among U.S. Military Service Members. Am J 
Trop Med Hyg. 2017;96(1):159-166.



DSM-5 PTSD Criterion H

• The 2012 revision to the DSM added a diagnostic 
exclusion (“Criterion H”)

• Per Criterion H, the symptoms that would otherwise 
contribute to a PTSD diagnosis cannot be due to the 
effects of a medication

• Symptoms such as nightmares or insomnia that first 
begin with mefloquine use and prior to any trauma should 
not contribute towards PTSD diagnostic criteria



Ritchie EC, Block J, Nevin RL. Psychiatric Side Effects of Mefloquine: Applications to Forensic Psychiatry. Journal of the American Academy of Psychiatry and
the Law. 2013;41(2):224-235; Nevin RL. Mefloquine and Posttraumatic Stress Disorder. In: Ritchie EC, ed. Textbook of Military Medicine. Forensic and Ethical
Issues in Military Behavioral Health. Washington, DC: Borden Institute; 2015.



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. Posttraumatic Stress Disorder and Related Diseases in Combat Veterans. Cham, Switzerland: 
Springer International Publishing; 2015:257-278.



Strong Evidence of Causation

• “Medication-Induced” Psychiatric Disorders
– Mood Disorders
– Anxiety Disorders
– Psychotic and Sleep Disorders

• Central (i.e. brainstem) Vestibular Disorders
• Central (i.e. brainstem) Visual Disorders
• Tinnitus and Hearing Disorders



Establishing 
Exposure

• Not all veterans will have 
evidence of mefloquine 
in their medical records

• Exposure may be 
conceded by VA for 
those with appropriate 
deployment histories and 
sworn lay statements

Woodson J. Memorandum Dated 17 Jan 2012, Subject: Service Review of Mefloquine Prescribing Practices.



“Clinicians evaluating veterans who are seeking care for lasting 
psychiatric symptoms should ensure that they screen for prior 
symptomatic mefloquine exposure… [S]ymptomatic mefloquine 
exposure is likely to emerge as a significant known confounder in 
the diagnosis of psychiatric disorders, including PTSD, among 
the current generation of U.S. veterans”.

Nevin RL. Screening for Symptomatic Mefloquine Exposure Among Veterans With Chronic Psychiatric Symptoms. Federal Practitioner. 
2017;34(3):12-14. http://www.mdedge.com/sites/default/files/fedprac/0317fp_nevin.pdf.



WRMI-2

• “Have you ever taken the weekly drug mefloquine (also 
known as Lariam®) to prevent malaria?"

• If yes, “At any time while taking the drug, did you 
experience abnormal dreams or nightmares, insomnia, 
anxiety, depression, restlessness, or confusion?”

© 2018 Remington Nevin. Under license to The Quinism Foundation. Used by permission. 



“Psychiatric symptoms such as insomnia, abnormal 
dreams/nightmares, acute anxiety, depression, restlessness or 
confusion have to be regarded as prodromal for a more serious 

event [emphasis added]”

WRMI-2 Validity



Vignette #1

• 33 year old male, army intelligence officer, top secret 
clearance

• No past medical history
• Deployed to Iraq in 2003 on mefloquine
• Presented acutely in theater to combat stress control 

after suffering vivid nightmares, visual hallucinations, 
panic, persecutory delusions, confusion, and dizziness



• Initially diagnosed 
with combat stress 
reaction vs. panic 
attack, attributed to 
his observing a dead 
body the day prior

• Charged with 
cowardice and 
returned to the U.S.

Laskas JM. The Coward. Gentleman’s Quarterly. July 2004.



• Evaluated by ENT and found to have objective evidence of 
central vestibular dysfunction

• Charges dropped
• Medically separated from service for PTSD and vestibular 

disorder
• Awarded 30% disability rating for service-connected 

“vestibular dysfunction secondary to adverse reaction” to 
mefloquine

• Awarded 30% disability rating for service-connected PTSD 
“with toxic psychosis secondary” to mefloquine

References: 1. 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: Posttraumatic Stress Disorder 
and Related Diseases in Combat Veterans. Cham: Springer International Publishing; 2015:257-278; and 2. Nevin RL. Mefloquine 
and Posttraumatic Stress Disorder. In: Ritchie EC, ed. Textbook of Military Medicine. Forensic and Ethical Issues in Military
Behavioral Health. Washington, DC: Borden Institute; 2015:277-296.



Vignette #2

• 32 year old male naval officer
• No past medical history
• Deployed to seas off East Africa in 2009 on mefloquine
• Experienced intense nightmares and anxiety early 

during deployment 
• Subsequently developed disequilibrium and confusion
• Experienced a traumatic event (i.e. enemy gun fire) 

towards the end of his deployment



• Diagnosed with PTSD following his return home
• Subsequently evaluated for persistent vertigo; found to 

have normal MRI of the brain, and abnormal vestibular 
testing deemed consistent with central vestibulopathy

• Suffers persistent insomnia, nightmares, depression, 
anxiety, dizziness, and poor short-term memory

• Separated from service through a PEB for PTSD 
secondary to “antimalarial toxicity”, and rated at 70% 
by the VA.

Reference: Livezey J, Oliver T, Cantilena L. Prolonged Neuropsychiatric Symptoms in a Military Service Member Exposed to 
Mefloquine. Drug safety - case reports. 2016;3(1):7.



Vignette #3

• 56 year old non-deployed male submitted a claim to the 
VA in 2014 for conditions he alleged were due to 
mefloquine

• In 1991, he had participated in a clinical trial of 
mefloquine, developing nightmares, abnormal dreams, 
insomnia, anxiety, depression, cognitive dysfunction, and 
changes in personality while taking the drug

• The drug was not discontinued and he continued taking 
the drug for several months while symptomatic



• His psychiatric symptoms persisted after the trial, and 
through separation from service, and ultimately led to his 
loss of civilian employment in 2010.

• After becoming aware of the 2013 boxed warning, he 
sought care for his persistent symptoms

• His clinician posited his chronic symptoms were most 
likely a consequence of his earlier use of mefloquine

• The VA awarded 50% disability for “social anxiety 
disorder with memory loss”





Nevin RL, Ritchie EC. FDA Black Box, VA Red Ink? A Successful Service-Connected Disability Claim for Chronic 
Neuropsychiatric Adverse Effects From Mefloquine. Fed Pract. 2016;33(10):20-24.



Claiming “Mefloquine Poisoning”

• Many veterans naively submit a claim for “mefloquine 
poisoning” or “mefloquine toxicity” after learning of the 
drug’s effects
– These cases will likely be denied by the VA

• Mefloquine poisoning is an exposure, not an outcome, 
and itself provides the nexus connecting military service 
to the development of one or more disabling conditions
– Requires an independent medical opinion (i.e. nexus letter) or 

clinical documentation linking the condition to mefloquine



Developing a Claim

• Psychiatry
• Neurology
• ENT / Neuro-otology 
• Neuro-ophthalmology / Neuro-optometry
• Sleep Medicine
• Neuropsychological testing
• Speech-Language Pathology
• Expert Review



“Quinism”

• Historical evidence of common signs and symptoms 
caused by quinoline drugs
– Quinine, quinacrine, primaquine, chloroquine, mefloquine, 

tafenoquine
• Historical evidence of a common etiology and 

pathophysiology
– Focal brainstem and limbic neurotoxic injury

Nevin RL. Neuropsychiatric Quinism: Chronic Encephalopathy Caused by Poisoning by Mefloquine and Related Quinoline Drugs. In: Ritchie EC, 
Llorente M, eds. Veteran Psychiatry in the US. Cham, Switzerland: Springer Nature; 2019. doi:10.1007/978-3-030-05384-0. In press. 



“In the oculomotor, trochlear, an 
abducent nuclei there was considerable 
dropping out of nerve cells, degenerative 
changes in many that remained, and 
moderate proliferation of microglia and 
oligodendroglia. A representative field 
from the oculomotor nucleus is 
illustrated …. Somewhat slighter 
changes were observed in the 
vestibular nuclei, especially in the 
medial vestibular nucleus.”

Loken AC, Haymaker W. Pamaquine poisoning in man, with a clinicopathologic study of one case. The American journal of tropical medicine and 
hygiene. 1949;29(3):341-352.  Emphasis added.



Schmidt IG, Schmidt LH. Neurotoxicity of the 8-aminoquinolines. III. The effects of pentaquine, isopentaquine, primaquine, and pamaquine on the 
central nervous system of the rhesus monkey. Journal of neuropathology and experimental neurology. 1951;10(3):231–56. Emphasis added.

“...in doses well below the lethal level [these drugs] produced 
striking symptoms of central nervous system injury 
associated with severe lesions in the principal nuclei of the 
proprioceptive, visual-reflex, and vestibulo cerebellar 
pathways.…”



Schmidt IG, Schmidt LH. Neurotoxicity of the 8-aminoquinolines. I. Lesions in the Central Nervous System of the Rhesus Monkey Induced by 
Administration of Plasmocid. J Neuropathol Exp Neurol. 1948;7(4):368–98.

Medial vestibular nuclei Lateral vestibular nuclei

Control

Plasmocid



Schmidt IG, Schmidt LH. Neurotoxicity of the 8-aminoquinolines. III. The effects of pentaquine, isopentaquine, primaquine, and pamaquine on 
the central nervous system of the rhesus monkey. J Neuropathol Exp Neurol. 1951;10(3):231-56.
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