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Abstract 

 

This portfolio of research comprises twelve original papers published during 1995–

2019.  The unifying theme of the papers is the safety of antimalaria drugs – and 

specifically, of quinoline drugs to prevent malaria. 

 

I was the first or sole author in ten of the published papers, and the second author in 

the remaining two.  In total, I collaborated with fourteen other researchers. 

 

Historically, drug manufacturers and policymakers have downplayed the adverse 

effects of antimalaria drugs.  This research adds to the body of emerging scientific 

evidence that the adverse effects of chloroquine and (especially) of mefloquine can be 

severe and long-lasting.    Because malaria prevention drugs are now available that are 

as effective as mefloquine, but without the accompanying risk of potentially severe and 

long-lasting neuropsychiatric adverse effects, it is my view that this drug should not be 

used routinely as first-line malaria prophylaxis.  I and my co-investigators first advanced 

this position in July 2005 in the New England Journal of Medicine.  It is a position that, 

as far as I am aware, all militaries now adopt. 

 

Since March 2002 I and my co-researchers have proposed what we consider to be a 

plausible mechanism that explains much of the phenomenology of the observed 

adverse effects of quinoline antimalaria drugs, and of other disease states.  We propose 

that many of these harms represent a chemically-induced liver dysfunction.  Toxic 

concentration of stored vitamin A compounds (‘retinoids’) spill from the liver into the 

circulation, causing an endogenous chronic form of hypervitaminosis A.  At the same 

time, the liver-thyroid axis is disrupted, causing symptomatic thyroid disturbance.   

 

Our hypothesis on the causation of quinoline drug adverse effects has not yet been 

formally tested.  If it were tested and shown to be correct, our understanding of this 

class of drugs would be enhanced.  They could be prescribed more safely.  
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Preface 

 

Malaria is a disease of major global importance.  There are around 200 million new 

cases of malaria each year, and around 400,000 deaths.  It is mainly a rural, and not an 

urban disease.  It disproportionately affects poor people living in country regions in the 

tropics and sub-tropics.  It is a major cause of continuing economic deprivation for 

people in those affected countries.  It is also a significant occupational health risk, in 

soldiers deployed in the tropics and sub-tropics. 

 

Paradoxically, and despite its massive global impact, little research is currently done 

into preventing malaria.  Partly this is for logistical reasons: public health researchers in 

rich countries do not have ready access to a study population of sufficient size who are 

suffering from malaria, or who are at risk of malaria.  Economic factors also play a part: 

those people who have or who are at risk of malaria cannot afford expensive new 

technologies (new drugs, new methods of mosquito control) to combat the infection; the 

financial gains from developing novel malaria prevention technologies are therefore 

likely to be modest, and there is consequently little incentive to fund such research. 

 

For these and other reasons malaria research tends to focus on secondary, rather than 

on primary prevention.  The research emphasis is on improved diagnosis of the infection 

once it has occurred, and this can now be done reliably and within minutes, using point-

of-care tests.  There is some research also into better treatments for malaria, once it 

has been diagnosed.  Again, modern treatments for malaria are straightforward and 

invariably effective and wholly curative, provided the diagnosis is made promptly. 

 

This body of submitted research is unusual in its scope in that it deals with the primary 

prevention of malaria, and especially with the use of drugs to prevent the infection – a 

practice known as ‘chemoprophylaxis’.  For obvious commercial reasons, the 

companies that manufacture drugs intended for malaria chemoprophylaxis are reluctant 

to explore the adverse effects of the drugs, but instead prefer to highlight their efficacy.  

Health officials who formulate antimalaria policies will likewise, and in the interests of 

the public good, tend to emphasise the benefits of using named antimalaria drugs, and 
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downplay their harms, or their potential harms.  These human biases create a tension 

between, on the one hand, the drug manufacturers and the policymakers, and on the 

other hand, the intended end-users of chemoprophylaxis – who are understandably 

nervous of any unwanted health effects that might arise out of their antimalaria drug 

use.  This conflict is one of the themes running through this portfolio of research. 

 

The research presented here concentrates on two commonly-prescribed quinoline 

antimalaria drugs: chloroquine, and mefloquine.  Other antimalaria drugs (doxycycline, 

atovaquone-proguanil) are touched on, briefly.  Some of the lessons that can be drawn 

from this research portfolio apply to those other drugs also.  As I explain below, this 

body of research may also help to explain other hitherto perplexing health problems, 

such as the aetiology of Gulf War illness and of congenital rubella syndrome, that at first 

encounter appear to have nothing to do with malaria. 

 

 



 

   …1  
 

 Table of contents 

 

Declaration i 

Acknowledgements ii 

Abstract iii 

Abbreviations iv 

Preface v 

Table of contents 1 

Commentary: Investigating the safety of antimalaria drugs  

1.1 The malaria threat 4 

1.2 Available antimalaria drugs  5 

1.3 Hierarchy of research methodologies 8 

1.4 Four observational reports on antimalaria drug harms 13 

1.5 Four experimental studies investigating antimalaria drug harms   20 

1.6 Four hypothesis papers exploring the pathophysiology of 

antimalaria and related drug harms  27 

1.7 Impact 37 

1.8 Future work 43 

1.9 Postscript 47 

2 References to the commentary 48 

Figures  

1 Categories in evidence-based medicine (EBM) 9 

2 Metabolism of vitamin A 33 



 

   …2  
 

3 Proposed pathogenesis of congenital rubella 

syndrome 35 

4 Email received on 25 October 2019 47 

Appendices  

1 Original Paper One – The employability of pregnant and 

breastfeeding servicewomen (1995)  54 

2 Original Paper Two – Chloroquine and combinations (2001) 63 

3 Original Paper Three – Safety evaluation of the drugs available to 

prevent malaria (2002) 84 

4 Original Paper Four – Direct health costs of occupationally 

acquired malaria in a military population (2005) 94 

5 Original Paper Five – Side effects of mefloquine prophylaxis for 

malaria (1997) 98 

6 Original Paper Six – Mefloquine to present malaria: a systematic 

review of trials (1997) 104 

7 Original Paper Seven – Handsearching the Journal of the Royal 

Army Medical Corps (1999) 110 

8 Original Paper Eight – Malaria: prevention in travellers (2000)  114 

9 Original Paper Nine – Adverse effects of the antimalaria drug, 

mefloquine (2002) 122 

10 Original Paper Ten – Evidence for neurotoxicity from quinoline 

antimalaria drugs (2017) 131 

11 Original Paper Eleven – Gulf War illness: unifying hypothesis for a 

continuing health problem (2019) 143 

12 Original Paper Twelve – Rubella virus, the congenital rubella 

syndrome, and the link to autism (2019) 160 

13 Main scientific publications 189 



 

   …3  
 

14 National and international scientific presentations 195 

15 Academic prizes and awards 198 

16 Extracts from online transcript of oral evidence given to House of 

Commons (UK) Defence Committee  201 

17 Extracts from online transcript of oral evidence given to House of 

Commons (Canada) Standing Committee on Veterans’ Affairs  204 

18 University of Portsmouth Research Ethics Review Checklist – Form 

UPR16 207 

 



 

Commentary – Investigating the safety of antimalaria drugs   …4  
 

Commentary: Investigating the safety of antimalaria drugs 

 

1.1  The malaria threat 

 

1.1.1  Malaria 

 

Malaria is a serious and life-threatening hazard to soldiers deployed on military training 

in the tropics, and engaged in combat or humanitarian relief operations.1  It is caused 

by the blood parasite, Plasmodium.2  The infection is transmitted from human to human 

by infective female mosquitoes of the Anopheles genus.3  It is prevented by taking 

antimalaria drugs (chemoprophylaxis) and by adopting rigorous mosquito avoidance 

measures (principally, the use of insecticide-treated bednets and uniform, and the 

regular application of insect repellent to exposed skin).4  As yet, there is no effective 

vaccine against malaria.5  

 

1.1.2  This portfolio of research 

 

This portfolio of submitted research deals primarily with malaria chemoprophylaxis.  It 

comprises twelve separate papers.6–17  The original published papers are attached to 

this thesis, as Appendices 1–12. 
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1.2  Available antimalaria drugs  

 

1.2.1  Chloroquine 

 

Chloroquine is one of a large series of antimalaria drugs of the 4-aminoquinoline class 

that emerged from the collaborative antimalaria drug discovery programme that took 

place amongst the Allied powers during World War II.7  It was approved by the US Food 

and Drug Administration (FDA) for use in malaria prevention in 1949.7  It was then 

marketed under a variety of proprietary names (Aralen, Arechin, Avloclor, etc).7  

 

For many years chloroquine was the mainstay of drug-based malaria prevention.  It is 

a useful agent in that it only needs to be taken once weekly.2   

 

A range of side effects, including neuropsychiatric effects, has been associated with 

chloroquine.8  The British National Formulary lists the side effects of chloroquine under 

two headings only: ‘Rare or very rare’ (i.e. cardiomyopathy, hallucination, hepatitis), and 

‘Frequency not known’ (i.e. abdominal pain, agranulocytosis, alopecia, anxiety, etc).18   

There is no information in the BNF about what might cause these adverse effects, or 

how long they might last, or how they might be mitigated or even prevented altogether.  

Remarkably, this is because no such information exists.  

 

Although still in widespread use, the reputation of chloroquine has suffered from the 

seemingly relentless spread, starting in Thailand in 1957 and then extending to most 

tropical regions, of parasite resistance to the drug.19   

 

1.2.2 Mefloquine 

 

Mefloquine hydrochloride, a drug in the same quinoline class as chloroquine, was 

discovered by US Army researchers shortly after the Vietnam War, and was the main 

product of the largest and most expensive drug discovery programme ever to be 

mounted in human history.20  From the mid-1980s onwards it was marketed, as Lariam, 

by the Swiss-based pharmaceutical company, F. Hoffmann-La Roche.20  It was 
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approved by the FDA for use in malaria prevention in May 1989, and was licensed for 

use in the UK in 1991.20 As also with chloroquine, mefloquine’s main advantage as 

malaria prophylaxis was considered to be the drug’s once-weekly dosing regimen.8  The 

drug is typically taken for 2 or 3 weeks prior to travel to the malaria-endemic area, and 

for 4 more weeks after the traveller’s return.8  

 

In respect of mefloquine’s safety, or supposed safety, two early trials of mefloquine had 

been conducted in US prison inmates (known, controversially, as ‘prisoner-volunteers’); 

these studies had suggested good tolerability.21, 22  It was on the basis of these early 

experimental studies, conducted on a study population that was not typical of the 

intended end-users of the drug, that mefloquine was granted a series of national product 

licences at a very early stage (and with hindsight, too early a stage) in its development 

cycle.14  This fundamental error in policymaking was to become apparent only with the 

passage of time. 

 

In 1993 the British Army adopted mefloquine as first-line malaria chemoprophylaxis for 

troops deployed on recurring military training exercises in East Africa.23  From that point 

onwards, approximately 2,000 British soldiers each year were prescribed the drug, in 

each case taking a course of weekly mefloquine lasting approximately 3 months.24    

 

Unsurprisingly confidence in the use of mefloquine as malaria prophylaxis was almost 

immediately marred by public controversy regarding its true margin of safety.  The 

controversy was resolved only in 2001, 2002 and 2003 when three successive 

randomised controlled trials of mefloquine prophylaxis in non-military travellers reported 

an excess of adverse neuropsychiatric effects in the mefloquine study arms.25–27 

 

1.2.3  Scope of my research 

 

My primary research on the safety of chloroquine, and of mefloquine, began in 1994.  

That year I carried out a pilot study in Kenya amongst soldiers of the Royal Welsh 

Fusiliers, deployed there on training.  I compared the self-declared tolerability of 

chloroquine plus proguanil (the ‘old’ chemoprophylaxis regimen) with mefloquine (the 
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‘new’ regimen).   

 

This pilot study in Kenya sparked my interest in this highly specialised area of 

pharmaceutical research.  For the next two decades, as I shall demonstrate, I used 

various research methodologies to continue my investigations into the safety of 

quinoline antimalaria drugs. 
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1.3  Hierarchy of research methodologies 

 

1.3.1  The concept of evidence-based medicine 

 

Today the concept of a hierarchy of evidence-based medicine (EBM) is commonplace, 

but in 1994 it was still relatively novel.  Since this concept underpins much of my 

following commentary, I will briefly summarise it here. 

 

Evidence-based medicine (EBM) denotes the principle, now universally accepted, that 

clinical practice should as far as possible be based on research-derived evidence of 

benefit, rather than on theoretical speculation, anecdote or pronouncement.28  

 

While the concept of EBM is theoretically simple, a massive obstacle to its 

implementation in clinical practice is the uncontrolled explosion that has occurred, and 

continues to occur, in clinical and economic data.29  Over 30,000 biomedical journals 

are currently in circulation, and over 17,000 biomedical books are published annually.29   

As long ago as 1992 it was calculated that a physician would have to read approximately 

11 scientific articles per day to maintain their scientific currency; the challenge now is 

exponentially greater.29     

 

For most clinical decisions, health practitioners simply do not have time to consult the 

primary research in their specialist area, let alone in areas that are at the margins of 

their specialty; two decades ago it was estimated that if a clinician cannot find the 

information they need within 15 seconds they will look no further.30  

 

Over the past 40 years there have been many attempts to develop computer systems 

to aid clinical decision-making and patient management.  To date, however, decision-

support systems have had little impact on clinical practice; much of the difficulty lies in 

the fact such systems use Bayesian or statistical regression models, and these models 

allow the systems to inform clinical decision-making, but not to actually reach a 

‘conclusion’ or a ‘recommendation’.31  
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1.3.2  What are systematic reviews?  

 

A pragmatic solution to the above difficulties is the ‘evidence synthesis’, or ‘meta-

analysis’, or ‘systematic review’.32  Systematic reviews are a relative new form of 

research.  Their objective is “to present a balanced and impartial summary of the 

existing research, enabling decisions on effectiveness to be based on all relevant 

studies of adequate quality.”33   

 

In the past two decades, the systematic review has established itself at the highest level 

of evidence in the [EBM] hierarchy because it comprehensively summarises the 

available evidence on a particular topic, up to a certain date.31  Properly-conducted 

systematic reviews are said to constitute ‘Level Ia’ evidence.  The bottom rung in the 

EBM hierarchy is categorised as ‘Level IV’ evidence, and is represented by expert 

committee reports, and by the opinions / clinical experiences of respected authorities.  

This is demonstrated in Figure 1, below.34  

 

Figure 1.  Categories in evidence-based medicine (EBM) 
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1.3.3  Systematic review building blocks – randomised controlled trials 

 

Systematic reviews seek evidence of benefit from randomised controlled trials, or RCTs.   

 

In an RCT, people with a particular condition are allocated randomly either to the 

treatment or ‘intervention’ of interest, or to the existing standard treatment, or to a 

placebo.28   The purpose of randomisation in RCTs is to minimise bias and confounding.  

In order to minimise patient bias, the participants are unaware of their treatment 

allocation; this is termed a ‘single-blind’ RCT.  In order to minimise doctor bias, treatment 

allocations are also withheld from investigators; this then is termed a ‘double-blind’ RCT.  

To recruit sufficient numbers of patients, and to examine the effects of treatment in 

different settings, it may be necessary to conduct the trial at several locations; this is 

termed a ‘multicentre’ trial.28   

 

To determine the reliability of a particular RCT, a number of features in the study design 

need to be assessed.  To ensure that there is no selection bias, the process of 

randomisation must be robust.  ‘Blindness’ of allocation should be imposed rigorously 

at the start of the study, and it ideally should be maintained throughout the study.  This 

is especially desirable if a subjective outcome is being measured, such as relief of pain, 

or alleviation of depression.28  All the patients who are ‘enrolled’ into a trial should be 

properly accounted for, at its conclusion.35    

 

In recent years, systematic reviews have sought to ‘pool’ evidence from RCTs.  This is 

done through meta-analysis, which is a statistical method that quantitatively 

summarises the systematic review findings.31  Unpublished trials should ideally be 

identified and included to avoid publication bias (i.e. non-inclusion of ‘negative’ trials 

that are less likely to have been published, on account of their disappointing results).31  

 

Meta-analysis results in a pooled estimate of effectiveness which is more precise than 

the effect estimates from the individual RCTs.  This is because the pooled estimate is 

based on a larger number of participants, and hence is less liable to ‘random error’.28    
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1.3.4  Other components of systematic reviews  

 

Increasingly, systematic reviews also assess non-RCT evidence; these additional 

sources of evidence include qualitative research, animal studies and modelling.32  

 

1.3.5  Systematic reviews to prioritise and guide future research 

 

In parallel with, and contributing to, the explosion of scientific data, there has occurred 

an explosion in scientific research.36   The biomedical research complex is now 

estimated to consume almost a trillion US dollars per year.36    

 

Much research may, with hindsight, be judged as being superfluous, since it may appear 

to duplicate work already been carried out by others.  Research may be wasteful for 

other reasons: poor study design, for example, may mean that a valid research question 

cannot be answered through the approach adopted by the investigators.  

 

Although organisations that fund research have been slow to apply this axiom in 

practice, proponents of systematic reviews argue that “initiation of research without a 

systematic review of already known evidence is unethical, unscientific, and wasteful, 

particularly when the research involves people or animals”.36  Because malaria 

prophylaxis involves people (often tourists, or business travellers, or soldiers) who are 

usually well at the start of the intervention, it is doubly important that research into any 

new or investigational drug or technique should be preceded by a rigorous systematic 

review.  This systematic review should assess not only the efficacy of the new 

intervention, but also its safety.20  

 

1.3.6  Valid and invalid systematic reviews 

 

A systematic review should systematically identify and evaluate (i.e. through an explicit 

and prespecified and well-validated methodology) all appropriately-designed studies 

that address the clinical question being considered.35    Where appropriate, the results 

of these ‘included’ studies should be combined.35   
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To be fully valid, a systematic review must satisfy a minimum of three criteria:35  

 

i. It must try to identify all relevant studies. 

 

ii. It must assess the quality of the included studies. 

 

iii. It must try to combine the study results, as long as it is reasonable to do so. 

 

1.3.7  Cochrane reviews 

 

A Cochrane review is a systematic review that uses methodology that has been tested 

and refined over two decades by the Cochrane Collaboration.37  Cochrane reviews are 

prepared and maintained, usually on a pro bono basis, by members of the collaboration 

working in small teams; in 1993 the active members of the Cochrane Collaboration 

numbered less than 100, but by early 2016 this number had grown to over 30,000 

reviewers in more than 100 countries.32  

 

Historically, the focus in Cochrane reviews has been on quantitative data, with study 

results combined using ‘Revman’ software.38  Since 2003, the quality of included studies 

in Cochrane reviews has been assessed through the ‘Cochrane quality assessment 

tool’; this automatically grades each included study into a ‘High bias’, ‘Low bias’ or ‘No 

bias’ category, and allows for a reliable appraisal of the overall robustness or otherwise 

of the accumulated evidence.38   

 

An important feature of Cochrane reviews is that they are published electronically in the 

Cochrane Library, and hence are readily available to clinicians, policymakers and 

researchers.39  Since 2001, every Cochrane review has included a Plain Language 

Summary.37  The collaboration has its own press office, which promotes new reviews 

that are considered to be especially important.37  Authors of a Cochrane review also 

undertake to update their review as and when there is a ‘substantive’ new body of 

evidence; in practice and with most current interventions a Cochrane review is likely to 

be comprehensively updated approximately every 3–5 years.37 
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1.4  Four observational reports on antimalaria drug harms 

 

1.4.1.  Original Paper One – The employability of pregnant and breastfeeding 

servicewomen 

 

Context of this research 

 

I carried out this research during 1994–1995, while working as a Senior Registrar, in 

the rank of Major, at the Army Medical Directorate, Aldershot.  I published the research 

in October 1995 in the Journal of the Royal Army Medical Corps.6  I was the sole author.    

 

The aim of the research was to identify the full range of potential workplace hazards 

(including, any potential hazards from antimalaria drugs) to pregnant servicewomen, 

and to make a policy recommendation in respect of each hazard.  This was a research 

task which had never been attempted previously, in any military organisation. 

 

Main findings 

 

In 1994–1995 I identified a total of 30 major workplace hazards to pregnant or 

breastfeeding servicewomen – one of which was mefloquine.  In respect of mefloquine 

I wrote: 

“Mefloquine is teratogenic when administered to rats and mice in early gestation.  

Its prophylactic use during human pregnancy should therefore be avoided as a 

matter of good clinical practice. 

“Pregnancy should also be avoided for 3 months after completing a course of 

mefloquine, on account of its long half-life.” 

 

Appraisal  

 

Being, in essence, a library-based exercise, this research is prone to a number of 

potential biases.  It can at best only constitute ‘Level IV’ scientific evidence, as explained 

by me in Section 1.3.1 of this thesis, above, and as illustrated in Figure 1.  I recognised 
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this limitation in the Discussion section of the paper, where I stated: 

“An on-the-average review [such as this one] would not occupy a high place in the 

‘hierarchy of validity’ originally proposed by Oxman and Guyatt.” 

 

Notwithstanding its obvious limitations, I have selected this publication for inclusion in 

this portfolio of research because it is of some historical interest – and not least, because 

it demonstrates that there was almost no awareness, at the time, of the potential for 

neuropsychiatric harm from mefloquine.  The potential teratogenic harms of the drug, 

which I did identify, are still alluded to in the British National Formulary, in almost exactly 

the same terms in which I myself expressed them, 25 years ago:18 

“Conception and contraception.  The manufacturer [of mefloquine] advises 

adequate contraception during prophylaxis and for 3 months after stopping 

(teratogenicity in animal studies).” 

 

1.4.2.  Original Paper Two – Chloroquine and combinations 

 

Context of this research 

 

This was a commissioned book chapter (prepared by me at no fee).  It formed part of a 

standard textbook for travel medicine practitioners, Travellers’ malaria.7 

 

I carried out the background research for this book chapter between January–November 

2000, while working as a Consultant Public Health Physician, in the rank of Lieutenant 

Colonel, at the UK Ministry of Defence, London.  My co-author and research assistant 

was my then public health trainee (now a qualified consultant), Dr Katie Geary. 

 

My aim in writing this chapter was to provide a comprehensive account, based on the 

available scientific literature, of the benefits and harms of chloroquine.  The intended 

reader was a specialist travel health practitioner (either a doctor or nurse).  No-one had 

previously written a book chapter just on chloroquine, so this was a novel research task.  

 

During 2000 I, along with my co-investigator Dr Geary, retrieved and read between 80–
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100 case reports relating to chloroquine, along with dozens of monographs describing 

its molecular structure, pharmacokinetics, likely mechanism of action, etc.  We then 

summarised this information as best we could, without any specific restriction as to word 

count. 

 

The book containing our chloroquine chapter was published by a Canadian publishing 

house, Decker, in May 2001.  It was well-received and went into a further edition (which 

I also contributed to) a few years later.19 

 

Main findings 

 

It was a surprise to me that chloroquine was associated with such a wide range of 

neuropsychiatric harms, sometimes severe and long-lasting.  Our chapter section on 

this category of harms ran to three pages.   

 

In this book chapter we identified and highlighted the fact (strictly, the suggestion, based 

on observational evidence) that: 

“the concurrent use of chloroquine and other quinoline derivatives can result in 

serious drug-drug interactions.  Chloroquine users should therefore avoid the 

concurrent use of any other quinoline derivative (e.g. amodiaquine, mefloquine, 

primaquine, quinidine, quinine and tafenoquine), whether for additional malaria 

prophylaxis or for treatment.” 

 

This theme was one which was to feature strongly in the various hypothesis papers 

which I published from 2002 onwards.14–17  

 

Appraisal  

 

As with my 1995 paper on workplace risks to pregnant servicewomen, and as explained 

by me in Section 1.3.1 above of this thesis, this book chapter can at best only constitute 

‘Level IV’ scientific evidence.  However this close study of a large number of case 

reports on chloroquine-induced harms helped to shape my later hypothesis regarding 



 

Commentary – Investigating the safety of antimalaria drugs   …16  
 

the aetiology of the adverse effects of a chemically-related antimalaria drug, mefloquine.  

I was especially struck at this time by a case report from Munera and colleagues, 

published in the British Medical Journal in 1997.40  This report described a woman with 

hypothyroidism, well-stabilised on thyroxine sodium, who took chloroquine plus 

proguanil for 2 months as malaria prophylaxis for a holiday in Africa.  The authors 

described the effect of the drug in the following terms: 

 “Chloroquine… enhanced the induction of liver enzymes.  Chloroquine probably [also] 

increased the catabolism of thyroid hormones by enzymatic induction.” 

 

I have selected this book chapter for inclusion in this portfolio of research because it 

informed and anticipated an important aspect of my later research. 

 

1.4.3.  Original Paper Three – Safety evaluation of the drugs available to prevent 

malaria 

 

Context of this research 

 

This was a commissioned opinion piece (prepared by me at no fee), on drug safety.  

The commissioning journal was a new journal, Expert Opinion on Drug Safety.8  The 

paper was published in that journal in January 2002. 

 

I carried out the research for this opinion piece in mid-2001, while working as a 

Consultant Public Health Physician, in the rank of Lieutenant Colonel, at the UK Ministry 

of Defence, London.  I was the first author.  My co-authors were various colleagues, 

military and civilian, who shared my research interest in malaria. 

 

Main findings 

 

In this paper we briefly reviewed and compared the safety profiles, as they were known 

and understood in 2001, of the drugs then available in the UK, to prevent malaria.  The 

drugs we reviewed were: atovaquone-proguanil, chloroquine, chloroquine-proguanil, 

doxycycline, mefloquine and primaquine.   
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In respect of mefloquine we wrote:8 

“When mefloquine was first used, it [quickly] acquired a disturbing reputation 

amongst tourists and business travellers for unwanted effects, especially 

neuropsychiatric effects.  Many physicians, however, denied the reality of these 

harms and spoke of the drug as being ‘well-tolerated’.” 

 

At the time we submitted our manuscript we were aware that an important randomised 

controlled trial (the ‘Overbosch’ trial – published in Clinical Infectious Diseases in 

October 2001) had just appeared, demonstrating an excess of adverse neuropsychiatric 

effects in civilian travellers taking mefloquine, compared to those taking atovaquone-

proguanil.  We were therefore able to cite the findings of this pivotal study, which was 

in fact the first RCT of mefloquine tolerability ever to be carried out, in a population of 

tourists and general travellers.25  

 

We wrote, in our opinion paper:8 

“A major difficulty in attempting to resolve the mefloquine controversy [lies] in the 

fact that there [has] never [until now] been a randomised controlled field trial of 

mefloquine prophylaxis in a heterogeneous population of non-immune business 

travellers... 

“A candidate drug for preventing malaria must demonstrate good tolerability in 

general travellers before it can be licensed for these groups.  This assessment of 

tolerability must be through a randomised controlled field trial of the candidate 

antimalaria drug, with tourists and business travellers as the trial participants.” 

 

Appraisal  

 

I have selected this publication for inclusion in this portfolio of research because it 

demonstrates that, although our opinion regarding mefloquine was not a universally-

held one in 2001, it has stood the test of time.  Our recommendations as to the ideal 

design for future studies of malaria chemoprophylaxis were, I believe, prescient.  

 

1.4.4.  Original Paper Four – Direct health costs of occupationally acquired 

malaria in a military population 



 

Commentary – Investigating the safety of antimalaria drugs   …18  
 

Context of this research 

 

This was an audit of malaria incidence in British troops in Germany, and of the quality 

and cost of their hospital inpatient treatment.   

 

I carried out the research for this audit in late 2004, while working as a Director of Public 

Health at Headquarters British Forces Germany (BFG), in the rank of Lieutenant 

Colonel.  The audit was of the 2-year period, 2001–2002.  It was published in 

Occupational Medicine (London) in February 2005.  

 

I was the first author of this audit.  My co-authors were various BFG medical colleagues, 

military and civilian, who appreciated the value of conducting and publishing an audit. 

 

Main findings 

 

We identified 15 incident cases of imported malaria in British troops in Germany, during 

the 2-year audit period.  All 15 of the soldiers had been admitted and treated in German 

hospitals. One soldier had required intensive care treatment, but he and all the others 

were cured of their infection, following a median period of hospital inpatient stay of 7 

days (for Plasmodium vivax infection) and 8.5 days (for Plasmodium falciparum). 

 

The direct treatment costs of all the hospitalisations totalled €27,760.  

 

Appraisal  

 

This was the first audit of its kind to be conducted in a peacetime military population.  

The malaria acquisition rate in UK soldiers (deploying in most cases to Africa) appeared 

to be between 2–10 times higher than that in civilian travellers to the tropics.  This was 

a cause for concern, especially in view of the fact that German hospital physicians 

appeared to be unfamiliar with treating malaria. 

 

The research was useful operationally, in that it led to improved management protocols.  



 

Commentary – Investigating the safety of antimalaria drugs   …19  
 

I presented it orally, at a research conference in Herford Germany [Appendix 14, below].  

Awareness of malaria, and of how to avoid it, was thereby heightened.  In the years that 

immediately followed this audit, there were fewer incident cases (and therefore, fewer 

expensive hospitalisations and less use of potentially toxic antimalaria drugs).  
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1.5  Four experimental studies investigating antimalaria drug harms  

 

1.5.1.  Original Paper Five – Side effects of mefloquine prophylaxis for malaria 

 

Context of this research 

 

This was a double-blind randomised controlled trail, with double-dummy technique, 

carried out in troops from the First Battalion, the Grenadier Guards, who in early 1995 

deployed to Kenya for a 6-week training exercise.   The aim of the trial was to compare 

the self-declared tolerability of mefloquine prophylaxis (‘the experimental arm’) with the 

self-declared tolerability of chloroquine plus proguanil (‘the control arm’). 

 

317 soldiers were randomly assigned to mefloquine, and 307 to chloroquine plus 

proguanil.  All participants took their assigned medication for 12 weeks.  They completed 

a 23-part symptom questionnaire at the 2-week point, and also at the eight-week point.  

 

I was the designer and principal investigator in this RCT.  I carried it out while working 

as a Senior Registrar, in the rank of Major, at the Army Medical Directorate, Aldershot.  

I published the research in March 1997 (a short-notice, 7-month posting to Bosnia 

having intervened) in the Transactions of the Royal Society of Tropical Medicine and 

Hygiene.10  My co-authors were Lieutenant Colonel M J World (the Professor of Military 

Medicine, and the official sponsor of the study), and a civilian statistician. 

 

Main findings 

 

The self-reported incidence of adverse events was similar between the two groups, at 

both Week 2 and Week 8. 

 

Appraisal  

 

This was a powerful study design.  As explained in Section 1.3.1 above of this thesis, 

its results constitute ‘Level Ib’ evidence.  Unfortunately, there was a low response rate 
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to both self-administered questionnaires 58% and 46%).  Moreover of those soldiers 

who did respond, 12.8% admitted lack of full compliance with their chemoprophylaxis at 

2 weeks, and 31% at 8 weeks. 

 

In view of potential for bias in my first RCT findings, I planned and part-executed a 

follow-up RCT between October 1995 – January 1996, in an equivalent training exercise 

in Kenya involving the First Battalion, the Princess of Wales’ Royal Regiment.  543 

PWRR soldiers were randomised to receive either mefloquine (‘the experimental arm’) 

or chloroquine plus proguanil (‘the control arm’).  There was more rigorous 

administration of the study questionnaires, and an emphasis on compliance with the 

study medication. 

 

Mid-way through the RCT, on 15 November 1995, a 26-year old PWRR private soldier, 

who had been assigned to mefloquine, developed psychosis while in Kenya.  He was 

repatriated to UK and admitted to an Army psychiatric hospital.  Here it was found, 

through blood testing, that he had taken his weekly mefloquine doses correctly.  I at 

once wrote up the details of this serious adverse event and submitted my report as a 

letter to the editor of the Lancet; my letter was published in the Lancet in February 

1996.41   

 

In the meantime, my further involvement in the follow-up RCT had been suddenly and 

unexpectedly aborted.  In late November 1995 I was ordered by my military superiors 

to deploy immediately to Bosnia.  I flew out from UK on 10 December 1995 and 

remained in the Balkans with the NATO stabilisation force for the next 7 months.   

 

On 25 January 1996, during my absence from UK on deployed duty overseas (and as I 

only discovered by chance, some years later), a 26-year old PWRR Lance Corporal 

assigned to the mefloquine arm of the follow-up RCT, who had recently returned from 

training in Kenya with the battalion, shot himself in his flat at Howe Barracks, 

Canterbury.42  The suicide was reported by the military to HM Coroner for Kent, and an 

inquest took place in Canterbury on 9 May 2016.  The fact that the soldier had been 

taking mefloquine in the weeks prior to his suicide was not confirmed to the coroner by 
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the soldier’s line managers, nor by his medical officer.  In his official verdict the coroner 

recorded that the soldier had killed himself “due to stress”.42  

 

1.5.2.  Original Paper Six – Mefloquine to prevent malaria: a systematic review of 

trials 

 

Context of this research 

 

This was a systematic review of mefloquine chemoprophylaxis, carried out within the 

Cochrane Collaboration (this was a very early example of a Cochrane review), and 

using the then-standard Cochrane methodology.  The systematic review was published 

in November 1997 in the Cochrane Library, with a shortened version published 

concurrently in the British Medical Journal, that same month.11   

 

I was the main review author.  I was at this time working as a consultant public health 

physician, in the rank of Lieutenant Colonel, at the Ministry of Defence, London. 

 

The aim of the review was to answer the research question, In adult travellers not 

immune to malaria infection, is mefloquine more effective than placebo or other 

prophylaxis for preventing malaria and adverse events?  RCTs were selected on the 

basis of pre-defined criteria, and their results were pooled through meta-analysis. 

 

Main findings 

 

10 trials met the selection criteria.  Mefloquine was better than placebo, but not better 

than other prophylaxis in preventing malaria.  There was a tendency (non-significant) 

for participants in mefloquine arms to drop out.  Mefloquine was more likely than other 

prophylaxis to cause fatigue (as shown in 4 studies) and insomnia (shown also in 4 

studies). 

 

Our conclusion was that in adult travellers not immune to malaria, mefloquine prevents 

malaria infection but has adverse effects that limit its acceptability. 
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Appraisal  

 

This again was a powerful study design.  As explained in Section 1.3.1 above of this 

thesis, its results constitute ‘Level Ia’ scientific evidence.  It was the first systematic 

review of any healthcare intervention to be conducted by a military researcher, in any 

country. 

 

Since 1997, this pioneering systematic review has twice been updated, most recently in 

2017.42  Although the evidence base has broadened, the findings of the 2017 latest 

update are broadly similar to those in our initial systematic review published 20 years 

earlier: compared to users of other standard chemoprophylaxis (doxycycline, 

atovaquone-proguanil) mefloquine users have an “increased frequency of abnormal 

dreams, anxiety, insomnia and depressed mood.”43  Those who take mefloquine as 

prophylaxis suffer, in other words, from an excess of neuropsychiatric adverse effects.  

This is ‘Level Ia’ evidence.   There can be no reasonable dispute about this. 

 

1.5.3.  Original Paper Seven – Handsearching the Journal of the Royal Army 

Medical Corps 

 

Context of this research 

 

This was a journal handsearch exercise, carried out under the auspices of the Cochrane 

Collaboration.  From 1992 onwards, in order to improve the sensitivity and specificity of 

Medline searching for trials, members of the Cochrane Collaboration systematically 

handsearched the world’s major biomedical journals, looking for untagged or incorrectly 

coded trials and then communicating the necessary corrections in database coding to 

the US National Library of Medicine, which owns Medline.    

 

In early 1999, while working as a consultant public health physician, in the rank of 

Lieutenant Colonel, at the Ministry of Defence, London, I undertook to handsearch the 

Journal of the Royal Army Medical Corps.  I was assisted by two colleagues: a military 

surgeon, and a civilian medical librarian.  We handsearched back copies of the journal 
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from 1948 (when RCTs began) to 1998.  The activity took us 34 man-hours to complete.   

 

The outcome of our handsearch, with an accompanying commentary by us, was 

published in June 1999 in the Journal of the Royal Army Medical Corps.12   

 

Main findings 

 

We identified a total of 10 trials through handsearching the Journal of the Royal Army 

Medical Corps, seven of which we had not found through an initial Medline search.  We 

forwarded hard copies of the ‘new’ trials to the UK Cochrane Centre in Oxford, and the 

corrected journal citations were transmitted by the Centre to the US National Library of 

Medicine, and incorporated into Medline. 

 

Appraisal  

 

This was the first-ever handsearch for trials of a military medical journal.  It contributed 

to the body of readily-available medical knowledge (and specifically, knowledge of 

military medical relevance).  Although we had hoped to discover previously uncoded 

RCTs that dealt with malaria chemoprophylaxis, we did not in fact do so. 

 

The outcome of this laborious but rewarding activity was that the global total of known 

RCTs, equating to ‘Level 1b’ scientific evidence, was increased by seven. I have 

selected this publication for inclusion in this portfolio of research because it illustrates 

how the body of scientific knowledge is for the most part added to slowly, and 

collaboratively, and incrementally. 

 

Later that same year we replicated this handsearching exercise with the Journal of the 

Royal Naval Medical Service.  During this second handsearch of a military medical 

journal we found 3 ‘new’ trials on Medline that had not been correctly tagged as such.44 

Again we arranged through the UK Cochrane Centre for Medline to be updated, with 

the correct coding details for these three published but hitherto unidentifiable trials.   
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1.5.4.  Original Paper Eight – Malaria: prevention in travellers 

 

Context of this research 

 

This was a systematic review of the effectiveness and possible harms of malaria 

prevention measures, as used by non-immune adult and child civilian travellers.  I was 

the sole author. 

 

I carried out the underpinning research for this systematic review during 1999 and early 

2000 while working as a consultant public health physician, in the rank of Lieutenant 

Colonel, at the Ministry of Defence, London.  It was published in full, online, in Clinical 

Evidence (and is still published on that website, in a much-updated format).  It was 

published in a condensed version in the British Medical Journal in July 2000.13  

 

Main findings 

 

Antimalaria interventions were in each case systematically reviewed against the 

strength of their corresponding evidence base, and then categorised, in line with pre-

specified criteria, into ‘Beneficial’ (e.g. insecticide-treated nets), ‘Likely to be beneficial’ 

(e.g. air conditioning, mosquito coils), ‘Unknown effectiveness’ (e.g. aerosol 

insecticides) and ‘Likely to be ineffective or harmful’ (e.g. amodiaquine).  

 

In this early systematic review of available antimalaria interventions I categorised 

mefloquine as ‘Likely to be beneficial’.  This was because the pivotal RCTs in civilian 

travellers, showing conclusively that mefloquine induces neuropsychiatric adverse 

effects, had not yet been carried out and reported (they were to be conducted and 

reported in 2001, 2002 and 2003).  The evidence base, such as it was in 2000, 

suggested that on the whole, and in civilian travellers only, the advantages of 

mefloquine prophylaxis marginally outweighed its disadvantages.  

 

Appraisal  
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As new evidence became available, the relative merits of the various interventions 

changed.  I updated this systematic review accordingly.  Its most recent version, 

published online in 2010, contains the following summary assessment of quinoline 

antimalaria drugs:2   

“Mefloquine and chloroquine–proguanil may be beneficial, but their adverse effects 

(including neuropsychiatric adverse events, in the case of mefloquine) must also 

be considered.” 

 

This was one the first series of published guidelines intended for the use of clinicians 

(and possibly the first, in the field of malaria prevention) and based on a systematic 

review of evidence from RCTs.  It is for this reason that I have selected this publication 

for inclusion in this portfolio of research.  Although it has now been updated by me, it 

remains one of my most frequently cited publications.   
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1.6  Four hypothesis papers exploring the pathophysiology of 

antimalaria and related drug harms  

 

1.6.1.  Original Paper Nine – Adverse effects of the antimalaria drug, mefloquine 

 

Context of this research 

 

This was a hypothesis paper was based on the non-systematic retrieval and reading, 

by me and my co-author Dr Andrew Herxheimer and extending over a period of 

approximately 1½ years, of published case reports (516 in total) describing adverse 

events from mefloquine.   

 

In December 2001 we submitted our draft paper to BMC Public Health, an open-access 

medical journal.  After we had incorporated various revisions suggested to us by the 

editor and the peer reviewers, our paper was published in March 2002.14  

 

Main findings 

 

Our hypothesis ran (and still does run) as follows. 

 

Many of the adverse effects of mefloquine (and, by analogy, of other quinoline 

antimalaria agents, such as chloroquine) are a post-hepatic syndrome caused by 

primary liver damage.   

 

The liver plays a key part in the metabolism of thyroid hormones. Mefloquine-induced 

liver damage disrupts the exquisitely delicate physiological relationship between the 

liver and the thyroid gland (‘the liver-thyroid axis’).  Thyroid hormone imbalance then 

occurs, either as excess or as deficiency of circulating thyroid hormone.  Symptomatic 

thyroid disturbance may result. Thyroid disease is typically bipolar in its mode of 

presentation (i.e. it presents as weight loss or weight gain, preference for a cool climate 

or a warm climate, nervousness or lethargy, diarrhoea or constipation, etc) [4], and this 

pattern of physiological opposites features commonly in published case reports of 
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mefloquine adverse effects.  

 

Previous liver or thyroid disease is a risk factor for developing adverse effects from 

mefloquine.  

 

The mefloquine syndrome presents variously as headache (suggesting a direct toxic 

effect on the brain, superimposed on disruption of the liver-thyroid axis), gastrointestinal 

disturbances, nervousness, fatigue, disorders of sleep, mood, memory and 

concentration, and occasionally frank psychosis. 

 

Symptoms of mefloquine toxicity tend to abate spontaneously once the drug is 

discontinued, provided that concurrent chemical insults to the liver are also 

discontinued, or corrected. These concurrent chemical insults may include: 

 

i. Alcohol. 

 

ii. Dehydration. 

 

iii. An oral contraceptive pill, or hormonal replacement therapy. 

 
iv. Recreational drugs. 

 
v. Other liver-damaging medications. 

 
Co-medications in the last of the above sub-categories likely to be especially hazardous 

in mefloquine users are, firstly, those medicines that cause hepatocellular injury and 

also are thyroid hormone antagonists (e.g. amiodarone, benzodiazepine, calcium 

channel blockers, phenytoin); and secondly, other quinine analogues taken concurrently 

with mefloquine, such as fluoroquinolone antibiotics. It should not be necessary to treat 

mefloquine adverse effects through specific drug therapy; administering further drugs 

could in fact make mefloquine’s adverse effects worse, or cause them to become 

permanent. 
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In those commonly-reported cases where the adverse effects of mefloquine persist for 

months, or years, the explanation often lies in the fact that after stopping mefloquine the 

mefloquine-damaged individual continues to take alcohol, or liver-damaging 

prescription drugs such as antidepressants, or (in the case of women) hormonal 

contraception. 

 

Appraisal 

 

Our analysis of the published data on mefloquine’s adverse effects drew heavily on the 

results of an exercise I had conducted 3 years earlier along with two co-authors, 

reviewing the dermatological adverse effects of the drug.45  

 

Our analysis did not highlight any deaths associated with mefloquine use, although it 

did identify a case of suicidal ideation, in a previously healthy male geologist who took 

mefloquine while simultaneously drinking whisky.46  Of interest, a more recent (2017) 

published review of several hundred mefloquine case reports confirms that, when used 

as malaria prophylaxis, mefloquine is causally although infrequently associated with 

fatal outcomes, but other standard chemoprophylaxis does not result in fatal events.47  

 

Open-access publication was a new concept in 2002.  As far as I am aware, I was the 

first military medical research worker to use this novel medium for communicating ideas 

swiftly and equitably. 

 

Our hypothesis (which at this point I would term the ‘Croft-Herxheimer hypothesis’) has 

not yet been tested.  However it has not been rebutted, either. 

 

I have selected this publication, and the next three, for inclusion in this portfolio of 

research because I consider that scientific hypotheses, such as this one, provide useful 

and necessary springboards for future experimental research.  If tested and found to be 

correct, hypotheses improve biomedical understanding and can enhance the quality of 

clinical practice.  
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1.6.2.  Original Paper Ten – Evidence for neurotoxicity from quinoline antimalaria 

drugs 

 

Context of this research 

 

This again was a hypothesis paper, written primarily by me and with a new co-author, 

Dr Tony Mawson.  It expanded on what I have termed the ‘Croft-Herxheimer hypothesis’ 

and must now re-style the ‘Croft-Herxheimer-Mawson hypothesis’.   

 

Whereas my and Dr Andrew Herxheimer’s 2002 hypothesis paper had drawn on case 

reports of mefloquine published in the scientific literature, this new hypothesis paper 

drew on four ‘lay’ narratives, each describing the individual sufferer’s experience of a 

severe adverse reaction from a quinoline antimalaria drug. 

 

In December 2016 we submitted our draft paper to the Open Journal of Animal 

Sciences, an open-access scientific journal.  After we had incorporated various 

revisions suggested to us by the editor and the peer reviewers, our paper was published 

in January 2017.15  

 

Main findings 

 

Our enhanced hypothesis considered the likely role of vitamin A, in the aetiology of the 

observed adverse effects of quinoline antimalaria drugs.  Vitamin A is stored mainly in 

the liver, in potentially poisonous concentrations.  The hypothesis ran (and still does 

run) as follows. 

 

The adverse effects of mefloquine (and, presumably, of other quinoline antimalaria 

drugs also) may result from drug-induced liver damage that provokes an endogenous 

syndrome analogous to hypervitaminosis A, and that is characterized by the spillage of 

toxic retinoid compounds into the circulation. At a cellular level the mechanisms 

contributing to this physiological harm may include: 
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i. Mefloquine-induced dehydrogenase inhibition. 

ii. The accumulation of retinoids in the liver. 

iii. Retinoid-induced hepatocellular damage. 

iv. The spillage of stored retinoids into the circulation. 

v. The transport of retinoid compounds to the gut and brain, in toxic 

concentrations. 

  

As with the ‘Croft-Herxheimer hypothesis’, the ‘Croft-Herxheimer-Mawson hypothesis’  

postulates that simply stopping mefloquine will usually suffice to bring about a swift 

remission of unwanted drug effects, in those individuals in whom these effects have 

occurred. Symptom worsening could also potentially be arrested by lowering the 

concentration of circulating retinoids through phlebotomy or plasmapheresis, or else 

through pharmacological measures to limit the further expression of these substances. 

 

Appraisal 

 

In our revised hypothesis we identified what we considered was a hitherto unrecognised 

risk factor (but in soldiers a potentially very important risk factor) for developing a severe 

reaction to quinoline antimalaria drugs – namely, the concurrent use of anabolic 

steroids.  

 

We recognised that our hypothesis needed to be tested rigorously before it could be 

applied to clinical practice; we suggested that this testing could be done as follows:   

“[Through] a case-control study incorporating both detailed symptom 

ascertainment, and thyroid and liver biochemistry (including retinoid profiles) in a 

population of quinoline antimalaria drug users.” 

 

1.6.3.  Original Paper Eleven – Gulf War illness: unifying hypothesis for a 

continuing health problem 
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This was my third successive hypothesis paper.  It was lengthy (12 pages of text, 4 of 

citations).  It took up and extended the same ideas as were set out in my two earlier 

hypothesis papers, summarised above.  Our focus in this new paper was the 

pathogenesis of Gulf War illness – a debilitating, multi-system disease state that has 

affected many veterans of the 1991 Gulf War, but that has so far defied coherent 

explanation, or effective treatment. 

 

The first author of this new hypothesis paper was my US colleague, Dr Tony Mawson.  

I was the contributory author.  We collaborated during the early part of 2018.  We 

submitted our draft paper to the International Journal of Environmental Research and 

Public Health in September 2018.  Following independent peer review, our paper was 

accepted by the journal editor in December 2018.  It was published in January 2019.16  

 

Main findings 

 

In line with our previous thinking, we suggested that GWI was essentially a post-hepatic 

syndrome, and that:  

“Multiple vaccinations, with concurrent or subsequent exposure to PB 

[pyridostigmine bromide] or additional chemical insults of a liver-damaging nature, 

plausibly explain the pathogenesis and the observed chronicity of GWI. The 

suggested mechanism for GWI is thus a chemically-induced impaired liver 

function, with the spillage of stored vitamin A compounds (“retinoids”) into the 

circulation in toxic concentrations, resulting in an endogenous chronic form of 

hypervitaminosis A.” 

 

Amongst the “additional chemical insults of a liver-damaging nature” we included 

quinoline antimalaria drugs, that are known to have been issued to many of the troops 

(though not to all) who deployed to the Persian Gulf, in 1990–1991. 

 

We summarised our core idea in diagrammatic form as follows: 
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Figure 2.  Metabolism of vitamin A 

 
 

 
 

 

 

Appraisal 

 

In this third hypothesis paper we went a step further in our arguments by proposing that:  

“Current treatment strategies for GWI should incorporate the strict avoidance of all 

liver-damaging substances, including alcohol and prescription drugs that are 

metabolized in the liver. The dietary intake of rich sources of vitamin A such as 

milk, cheese, egg yolks and fish oils could also be avoided or much reduced.” 

 

We of course recognised that this was advice that at the time was untested, although 

the necessary testing could occur relatively easily, through an appropriate experimental 

design (and indeed we are just now planning an intervention study of GWI treatment, 

on these lines). 

 

1.6.4.  Original Paper Twelve – Rubella virus, the congenital rubella syndrome, 

and the link to autism 

 

Context of this research 
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This was my fourth and my most recently-published hypothesis paper.  It is very lengthy 

(19 pages of text, 8 of citations).  The paper applies our earlier ideas to a different 

disease phenomenon, congenital rubella syndrome. 

 

The first author of this new hypothesis paper was again my US colleague, Dr Tony 

Mawson.  I was again the contributory author.  We collaborated during the spring and 

summer of 2019.  We submitted our draft CRS paper to the International Journal of 

Environmental Research and Public Health in August 2019.  Following independent 

peer review, our paper was accepted by the journal editor in September 2019, and 

published that same month.17  

 

Main findings 

 

In line with our previous thinking, we again suggested that CRS was a post-hepatic 

syndrome, due to the fact that:  

“[Rubella] causes mild liver dysfunction and the spillage of stored vitamin A 

compounds into the circulation, resulting in an endogenous form of 

hypervitaminosis A. Given that vitamin A is a known teratogen, it is suggested that 

rubella infection occurring in the early weeks of pregnancy causes CRS through 

maternal liver dysfunction and exposure of the developing fetus to excessive 

vitamin A. On this view, the multiple manifestations of CRS and [its] associated 

autism represent endogenous forms of hypervitaminosis A.” 

 

We again summarised our core idea in diagrammatic form as follows: 
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Figure 3.  Proposed pathogenesis of congenital rubella syndrome 

 
  

  
 

 

Appraisal 

 

In this hypothesis paper we argued, in my view persuasively, that:  

“The retinoid toxicity hypothesis can explain why CRS manifests only when 

infection occurs early in pregnancy; it also accounts for the fact that the earlier the 

exposure, when retinoids are critically involved in morphogenesis, the greater is 

the extent of malformation.” 

 

We again (tentatively, but following the logic of our hypothesis) suggested a five-point 

plan for preventing CRS, as follows: 

 

i. Stopping all alcohol for a period of at least 4 weeks. 
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ii. Stopping all liver-damaging drugs that are not essential to life (e.g., anabolic 

steroids, recreational drugs, antidepressants, anxiolytics and hypnotics). 

 

iii. Maintaining good hydration by drinking plain, non-fluoridated water (and not 

through drinking coffee or tea, both of which are dehydrating). 

 

iv. Eliminating vitamin A from the diet for one month (the main dietary source is 

liver, but vitamin A is also found in milk, cheese, egg yolks and fish oils). 

 

v. (Optional) reducing circulating retinoids, under medical supervision, through 

phlebotomy, plasmapheresis or hirudotherapy. 
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1.7  Impact 

 

1.7.1  Better communication about drug harms 

 

The impact of this submitted body of research has mainly been in the area of public 

health policymaking, and in relation to mefloquine.   

 

This body of research has added to the emerging scientific evidence (emerging from, 

approximately, 1996–1997 onwards) pointing to the fact that in some users, mefloquine 

has the potential to induce long-term unwanted effects – and especially neuropsychiatric 

adverse effects.  This was evidence that should have been elicited and made available 

to the public prior to the drug’s licensing in the 1980s, but unfortunately wasn’t.48  In 

most countries where mefloquine continues to be used for malaria prophylaxis, that 

early failure in the communication to the public of important drug safety information has 

now been rectified.  The research presented in this portfolio has contributed to that 

development of knowledge. 

 

1.7.2  Development of knowledge in USA 

 

Because mefloquine was developed by the US Army, there appears to have been a 

powerful governmental lobby in place which promoted it as a well-tolerated drug, at a 

time when its safety in malaria prophylaxis had not been established through rigorous 

experimental methods. 

 

In December 1997 an influential update to US national malaria prevention guidelines 

was published in the Journal of the American Medical Association.49  The authors 

asserted that mefloquine was “the drug of choice” for travel to malaria-endemic areas.49 

 

Along with two co-investigators based at the Liverpool School of Tropical Medicine, I 

challenged this assertion.  Our reply to the original JAMA piece was published as a 

letter, in April 1998.50  In our letter we cited our systematic review of mefloquine, which 

had been published in November 1997 in the Cochrane Library, and simultaneously in 
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the British Medical Journal.  We stated, to the readers of JAMA: 

“In comparison between mefloquine and other regimens, there was a tendency to 

higher withdrawals in the mefloquine arm…  We interpreted this finding as evidence 

that the efficacy of mefloquine may be limited in general populations of travellers, who 

may be more likely to stop taking the drug.” 

 

In 2003, with mefloquine being widely used for the first time during military operations 

in Iraq, the FDA took the unusual step of insisting that all users of mefloquine be issued 

with a medication guide with advice mirroring that in the manufacturer’s drug label.  The 

wallet-sized guide included the text:51  

“If you use Lariam (mefloquine) to prevent malaria and you develop a sudden onset of 

anxiety, depression, restlessness, or confusion (possible signs of more serious mental 

problems) — contact a doctor or other health care provider, as it may be necessary to 

stop taking Lariam and use another malaria prevention medicine instead.” 

 

In 2005, citing our own research (and also three randomised controlled trials published 

in 2001, 2002 and 2003 respectively), we stated, in a letter to the New England Journal 

of Medicine:52  

“Recent trials do not support the view [that mefloquine is well tolerated]… With 

safer drugs now available, we believe mefloquine should no longer be used as 

first-line prophylaxis against malaria.” 

 

In 2005 our stated position on mefloquine was controversial.  However our letter was 

not challenged then, or at any time.  The New England Journal of Medicine is the most 

highly-respected medical journal in North America, with an impact factor of 60.670.   

 

In February 2009 a US Army policy memorandum on malaria prevention prioritised the 

use of safer and better-tolerated daily antimalaria drugs (such as doxycycline and 

atovaquone-proguanil) over mefloquine, and stated that “mefloquine should only be 

used for personnel with contraindications to doxycycline”.53  

 

In July 2013 the FDA strengthened its earlier ‘black box’ warning about mefloquine, 

advising the US public that the neuropsychiatric adverse effects of mefloquine could in 
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some users “last for months to years after the drug is stopped or [else] be permanent.”54  

 

By April 2013, and possibly in anticipation of the FDA’s strengthened ‘black box’ 

warning, the U.S. military declared mefloquine a “drug of last resort”.55  This was 

essentially the same approach to mefloquine that we had advocated in our short letter 

to the New England Journal of Medicine, eight years previously.52  

 

1.7.3  Development of knowledge in UK 

 

In Britain controversy surrounding the safety of mefloquine began in November 1995, 

when its potential to cause neuropsychiatric harm was highlighted in BBC television’s 

consumer programme, Watchdog.56  The following year the Committee on Safety of 

Medicines advised British physicians to warn their patients about the potential risk of 

neuropsychiatric adverse effects when using mefloquine.57  This sensible but unusual 

precautionary step was criticised the same year in the BMJ, where it was pointed out 

that standard UK clinical practice was to warn patients only about common adverse 

effects.58  

 

For the next decade, the controversy surrounding mefloquine’s safety continued to fill 

the pages of medical journals; however as I and two other research colleagues pointed 

out in the British Medical Journal in April 1999, this was partly because a number of UK 

academics wrote regularly to the scientific press in defence of mefloquine, while failing 

to disclose important conflicts of interest that linked them financially to the manufacturer 

of Lariam, F Hoffman-La Roche.59   

 

Matters came to a head in the summer of 2015 when a great number of UK veterans 

and serving personnel petitioned their Members of Parliament about long-term damage 

to their health, from taking mefloquine during their military service, in the form of 

Lariam.60  The response of the House of Commons Defence Committee was to initiate 

a formal inquiry, entitled: An acceptable risk?  The use of Lariam for military personnel.  

 

During 2015–2016 the Defence Committee took oral and written evidence from a 
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number of invited witnesses, including myself [Appendix 16, below].  The committee’s 

findings were published in May 2016 in a 40-page report which carried the same title as 

the inquiry itself.61  The report concluded: 

“Lariam has a high risk profile and a minority of users experience severe side-

effects…  Our inquiry considered whether those risks outweigh the benefits of 

Lariam when other anti-malarial drugs, with a lower risk profile, are available to the 

MoD. 

“The evidence we received highlighted some severe examples of the possible 

side-effects of Lariam in a military setting.  While they may be in the minority, we 

do not believe that the risk and severity of these side-effects are acceptable for our 

military personnel on operations overseas… We [therefore] believe that [Lariam] 

should be considered as a ‘drug of last resort’ and be prescribed only to those who 

are unable to take any of the available alternatives.” 

 

1.7.4  Development of knowledge in Canada 

 

In Canada military concerns about the safety of mefloquine dated back to the early 

1990s when, at a time when the drug was still unlicensed in Canada, tens of thousands 

of mefloquine tablets were made available to Canadian Armed Forces troops deployed 

in Somalia.62  The soldiers had been enrolled, without their knowledge, in a clinical trial 

of the drug; from the outset however there occurred serious violations of the trial 

protocol, and consequently the trial was not completed or formally reported.62 

 

The Somalia mission lasted from December 1992 until May 1993.  On one tragic day 

some members of the Canadian Airborne Regiment, who that same day had taken their 

weekly mefloquine tablet, and who were also drinking alcohol that day, caused the death 

through torture of Shidane Arone, a Somali who had entered the camp illicitly.62  The 

event led to the disbanding of the regiment in 1995, but the Arone incident was then 

and afterwards attributed to the neuropsychiatric effects of mefloquine on the deployed 

Canadian soldiers.63   

 

Possibly because of the deeply disturbing circumstances surrounding its first use in their 

military compatriots, malaria experts in Canada were especially vocal in their defence 
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of mefloquine, long after an apologia for this drug was no longer maintained in other 

countries.  As late as 2001, and in the face of compelling evidence to the contrary, Kain 

and his colleagues at Toronto General Hospital wrote:64  

“Although there is general agreement regarding mefloquine’s efficacy, 

observational studies and anecdotal reports of excess neuropsychological adverse 

effects have raised concerns about the tolerability of this drug. Data from well-

designed (prospective, randomized) trials do not appear to support this concern 

and indicate that, overall, mefloquine is relatively well tolerated.” 

 

Inevitably, Canadian military policymakers found themselves increasingly at odds with 

the military policymakers of other countries (especially those of the US armed forces) in 

their attitude towards mefloquine.   

 

In May 2007 I, along with two UK military colleagues then stationed in Afghanistan, and 

a civilian Dutch academic, published a research letter in the Journal of the American 

Medical Association which compared and contrasted the malaria prevention policies of 

the 16 nations then comprising the International Security Assistance Force, in 

Afghanistan.65   We reported that the deployed Canadian force, which at that time 

comprised 2200 personnel, were routinely prescribed mefloquine as malaria 

prophylaxis, but with atovaquone-proguanil as an alternative, “if deploying for fewer than 

4 weekx.”65  

 

Surprisingly, our research letter prompted a swift correction in a later issue of JAMA 

from Lieutenant Colonel Tepper, of the Canadian Forces Health Services Group 

Headquarters, in Ottawa.66  Colonel Tepper wrote: 

“Although mefloquine may be the drug most often selected [sic], Canadian Forces 

personnel [in Afghanistan] have the option of using either mefloquine weekly or 

doxycycline daily, with atovaquone/proguanil preferred when protection of short 

duration is needed.” 

 

On 2 May 2013, without prior warning, the manufacturer of mefloquine (as Lariam), F. 

Hoffmann-La Roche, announced that they would no longer market the drug in Canada.62       
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During 2018–2019, and following the example set by UK service and ex-service 

personnel, Canadian veterans petitioned their Members of Parliament about long-term 

damage to their health from taking the drug, and an official inquiry duly took place during 

the 42nd session of Parliament in 2019, under the auspices of the Standing Committee 

on Veterans’ Affairs.  Between 29 April 2019 and 15 May 2019 a dozen witnesses, of 

whom I was one [Appendix 17, below], were invited to give evidence to SCVA, in 

Ottawa. 

 

The committee’s findings were published in June 2019 in a 42-page report entitled, 

Effects of mefloquine use among Canadian veterans.62  The report made the following 

recommendations: 

“Recommendation 2.  That… Veterans Affairs Canada, together with the 

Department of National Defence, task an independent research organization with 

implementing a systematic screening program for military personnel and veterans 

who may be experiencing the long-term effects of mefloquine. 

Recommendation 3.  That Veterans Affairs Canada and the Department of 

National Defence recognize that certain known short-term side effects of 

mefloquine could have led, indirectly, to permanent disabilities among certain 

veterans.” 

 

The full implementation of these two recommendations is now taking place. 
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1.8  Future work 

 

1.8.1  Antimalaria drug safety 

 

Highlighting the potential dangers of mefloquine has had the necessary (but in some 

respects unfortunate) result of causing this otherwise useful agent to be withdrawn from 

the malaria prophylaxis armamentarium – or at least, retained only as a drug of last 

resort.   

 

It may be that further research into the aetiology of its adverse effects, such as I have 

proposed in my research submitted here, will enable mefloquine to be prescribed more 

widely and more safely in the future, and allow for its partial or complete rehabilitation 

in clinical practice. 

 

The current malaria chemoprophylaxis ‘drug of choice’ for deployed military personnel 

is doxycycline – as arguably, should have been the case since June 1997.  In that month 

there was published in the Annals of Internal Medicine a pivotal randomised controlled 

trial in Indonesian troops which showed doxycycline to be as effective as mefloquine in 

preventing malaria, with a more favourable adverse effect profile.67  Anecdotal evidence 

suggests that the monohydrate salt of doxycycline is better tolerated than the more 

common hyclate salt; there is a pressing need for this to be tested, through a 

randomised controlled trial in an appropriate travelling population, with a head-to-head 

comparison of doxycycline monohydrate and doxycycline hyclate.27  

 

1.8.2  The endogenous hypervitaminosis A hypothesis 

 

The endogenous hypervitaminosis A hypothesis that I have proposed here as a unifying 

explanation for the adverse effects of quinoline antimalaria drugs has opened up new 

areas of investigation.  Along with my most recent co-researcher, Dr Tony Mawson, I 

have published two papers linking it to the present coronavirus pandemic.68, 69  In view 

of its topicality, the hypothesis requires further comment. 
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Vitamin A is a generic term used to designate any compound possessing the biological 

activity of retinol.70  Pre-formed retinol is found only in foods of animal origin.71  The 

richest food source is liver, but it is also found in milk, butter, cheese, egg yolks and fish 

oils.72  Beta-carotene, a retinol analogue, is found in green leafy vegetables and 

carrots.70         

 

Vitamin A (i.e. retinol) and its analogues, known collectively as retinoids, are essential 

nutrients, with multiple functions.73  Besides their well-recognised role in vision, retinoids 

are involved in cell differentiation, embryogenesis, the immune response, reproduction 

and growth.70  

 

Retinoids are normally stored inertly in the liver.72  Retinol is transported to target tissues 

in plasma bound to an alpha-globulin, retinol-binding protein.71    

 

In adults, the liver stores of vitamin A are mobilised when dietary intake is low.70  

Children below the age of 5 years do not tend to have significant liver stores of vitamin 

A and so may experience acute vitamin A deficiency, with consequences including night 

blindness, reduced immunity to viral infection, loss of appetite, reduced growth, severe 

weight loss, and death.70      

 

Where injudicious self-medication results in a high intake of preformed vitamin A, 

retinoids can spill into the bloodstream and inhibit cell growth, act as cellular toxins, and 

be highly mutagenic.74  This can occur also as a result of infection of the liver, or through 

severe chemical insult to the liver (as from quinoline antimalaria drugs, for example).  

The released retinoids become circulating toxins, with the potential to damage multiple 

and anatomically distant organ systems, including the brain.70       

 

Acute retinoid toxicity can cause nausea, vomiting, vertigo, drowsiness and blurred 

vision.70  Seizures may occur, and acute psychosis – first noted in Arctic explorers who 

ate polar bear liver.75  Chronic retinoid toxicity can manifest with bone and muscle pain, 

visual impairment, headache, ataxia and peeling of the skin.70          
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Strikingly, all of the above symptoms have been described in case reports of mefloquine 

toxicity.14  Some of the listed symptoms have been associated also with chloroquine 

toxicity.7  

 

1.8.3  Testing the hypothesis 

 

The analogues of vitamin A include retinyl palmitate and stearate (esters), retinal 

(aldehyde), and retinoic acid (the major metabolite).74  Retinoic acid is much more 

biologically active than retinol, and hence potentially more toxic.74  In acute vitamin A 

toxicity, serum retinoic acid and retinyl esters would likely be increased, whereas serum 

retinol would likely be low; this is because rising levels of retinoic acid reduce plasma 

retinol levels via feedback inhibition.   

 

The endogenous hypervitaminosis A hypothesis could thus easily be tested in 

population of individuals with long-term adverse effects from quinoline.  Compared to a 

matched control population, they would show raised serum retinoic acid and retinyl 

esters, and low or normal serum retinol.  Thyroid hormone profiles should be assayed 

concurrently.14   

 

To date, this testing of the endogenous hypervitaminosis A hypothesis has not taken 

place. 

 

1.8.4.  Competing hypotheses 

 

Other hypotheses have been advanced to explain the strikingly raised incidence of 

adverse effects in some (though not all) users of mefloquine.  The list is long and 

includes (1) mefloquine inhibition of acetylcholinesterase and butylcholinesterase 

enzymes; (2) mefloquine interference with extracellular signalling by blocking adenosine 

receptors; and (3) disruption of inter-cellular communication by binding to connexins.76  

It has also been suggested that accumulation of mefloquine in brain tissue results in 

altered neuronal calcium homeostasis and altered gap-junction functioning, and hence 

predisposes to epilepsy.77    
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While some (or all) of these competing hypotheses may have merit, none has been 

tested either.  In contrast to the endogenous hypervitaminosis A hypothesis, none of 

the competing hypotheses appear to explain any aspect of the phenomenology of the 

adverse effects of mefloquine.  The ‘Croft-Herxheimer-Mawson hypothesis’ on the other 

hand explains why it is that mefloquine is well tolerated in children (who do not have 

significant stores of liver retinoids) and in older travellers (who do not use liver-damaging 

oral contraception and who rarely misuse alcohol), and conversely is rather poorly 

tolerated in young women (who may use liver-damaging hormonal agents with or 

without alcohol in excess or near-excess).14   
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1.9  Postscript 

 

1.9.1  User feedback  

 

In October 2019, having recently published our second jointly-authored hypothesis 

paper (‘Gulf War Illness: unifying hypothesis for a continuing health problem’ – Original 

Paper Eleven), Dr Tony Mawson and I were gratified to receive the following email from 

an ex-serviceman, not known to either of us personally. 

 

Figure 4.  Email received on 25 October 2019 

 
 
---------- Forwarded message --------- 
From: A - - - C - - - - - <a - - - - -@netscape.net> 
Date: Fri, Oct 25, 2019 at 11:44 AM 
Subject: 2019 GWI Journal Article Feedback 
To: <anthony.r.mawson@jsums.edu>, 
<ashley.croft@myport.ac.uk> 
 
Firstly, I wanted to thank you both for your hard work and 
excellent journal article "Gulf War Illness: Unifying Hypothesis 
for a Continuing Health Problem".  I am a US Navy Afghan 
combat vet and came home in 2004 and developed and was 
diagnosed in 2008 with debilitating chronic fatigue and 
fibromyalgia. I inexplicably had lost my health.  I had the 
multiple vaccinations at the same time and was forced onto 
mefloquine antimalarial for the 6 month deployment, consistent 
with your analysis. I have been on a decades long search to 
attempt to reclaim my health, I did numerous rounds of 
chelation for heavy metal toxicity, mainstream fibro treatments, 
etc. with limited results.  In my personal experience, the VA 
health care systems does nothing other than to collect info for 
themselves and prescribe pain pills. Several weeks ago, I read 
your 2019 journal article and was blown away at how much 
sense it makes of a very complicated subject.  As an 
experiment, I immediately started myself on a strict Vitamin A 
elimination diet and within days the chronic widespread 
unrelenting body pain (FMS) was gone, sleep was significantly 
improved and fatigue issues are improving every day since I 
started my Vit A elimination diet. I just wanted to thank you both 
again and give you my anecdotal feedback.   

 

 

 

(I have anonymised the source of this email, for reasons of medical confidentiality.) 

mailto:a%20-%20-%20-%20-%20-@netscape.net
mailto:anthony.r.mawson@jsums.edu
mailto:ashley.croft@myport.ac.uk
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 Mawson AR, Croft AM. Gulf War illness: unifying hypothesis for a continuing 
health problem. IJERPH 2019; 16: 111. 
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 Croft AM, World MJ. Neuropsychiatric reactions with mefloquine 
chemoprophylaxis. Lancet 1996; 347: 326. 

 Croft AM, Garner P, Squire SB. Malaria prevention for travellers. JAMA 1998; 279: 
990. 

 Croft AM, Whitehouse DP. More studies of mefloquine prophylaxis must be done in 
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Books and book chapters  
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National and international scientific presentations  

 

Major presentations at scientific conferences  

  

 Croft AM. Preliminary results of a randomised control trial of mefloquine 
chemoprophylaxis in British troops in Kenya. Malaria Forum, Centers for Disease 
Control, Atlanta, USA. November 1996 [oral presentation]. 

 Croft AM. The influence of physiological factors (food, diarrhea) on the 
bioavailability of mefloquine. Abstract No 221. 5th Conference of the International 
Society of Travel Medicine, Geneva, Switzerland. March 1997 [oral presentation]. 

 Croft AM. Hospitalisation in British troops during Operation Joint Endeavour 
(Bosnia). 1st NATO Scientific Symposium on Army and Communicable Disease 
Control, Hradec Králové, Czech Republic. September 1998 [oral presentation]. 

 Croft AM. Strategies to prevent malaria: Ensuring the best evidence for travellers. 
Abstract No 114. 2nd European Congress on Tropical Medicine, Liverpool 
University, UK. September 1998 [oral presentation]. 

 Croft AM. Monitoring skin reactions to antimalarial drugs. Abstract No 78. 31st 
Indian Pharmacological Society Meeting, Lucknow, India. December 1998 [oral 
presentation]. 

 Croft AM. Identifying the harms of mefloquine. Abstract No C19. 6th Conference of 
the International Society of Travel Medicine, Montréal, Canada. June 1999 [oral 
presentation]. 

 Croft AM. Handsearching military medical journals for trials. Abstract No F04. 6th 
Conference of the International Society of Travel Medicine, Montréal, Canada. 
June 1999 [poster presentation]. 

 Croft AM. Travelling to the tropics? How to enrich a systematic review with good 
observational evidence about adverse effects. Abstract No O-19. 7th Cochrane 
Colloquium, Rome, Italy. October 1999 [oral presentation]. 

 Croft AM. Trends in post-deployment mental disorders.  Serial 9. NATO COMEDS 
scientific session – 5th meeting of Military Preventive Medicine Working Group. 
Washington, USA. November 1999 [oral presentation]. 

 Croft AM. How should we summarize the benefits and harms of healthcare 
interventions for travellers? A proposal based on the antimalarial drug, mefloquine. 
Abstract No 92. 2nd European Conference on Travel Medicine, Venice, Italy, March 
2000 [oral presentation]. 
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 Croft AM. What malaria prophylaxis should be used on military operations?  The 
viewpoint of the British Army. Abstract No 7. Situations et Perspectives en 
Prophylaxis Antipaludique, Marseilles, France. May 2000 [oral presentation]. 

 Croft AM. Antimalaria drugs: the British military experience. Abstract No 12. 
Giornata di studio: Il rischio infettivo nelle missioni militari in ambiente tropicale. 
Rome, Italy, November 2000 [oral presentation]. 

 Croft AM. Evidence-based policy making for international preventive medicine.  
Serial 11. NATO COMEDS scientific session – 7th meeting of Military Preventive 
Medicine Working Group. Quebec, Canada. October 2001 [oral presentation]. 

 Croft AM. Tolerability of the antimalaria drug, mefloquine: due to primary liver 
damage with secondary thyroid involvement? Abstract No 134. 3rd European 
Conference on Travel Medicine, Florence, Italy. May 2002 [poster presentation]. 

 Croft AM. Systematic review of mosquito coils to protect against mosquito bites 
and malaria in adults and children. Abstract No FC09.04. 8th Conference of the 
International Society of Travel Medicine, New York, USA. May 2003 [oral 
presentation]. 

 Croft AM. Two-year audit of imported malaria cases in a military population in 
Europe. Abstract No PO07.02. 8th Conference of the International Society of Travel 
Medicine, New York, USA. May 2003 [poster presentation]. 

 Croft AM. Systematic review of vaporising mats to protect against mosquito bites 
and malaria transmission. Abstract No 46. 4th European Conference on Travel 
Medicine, Rome, Italy, March 2004 [oral presentation]. 

 Croft AM. Preventing Lyme disease in an expatriate British population in Germany: 
when education is not enough. Abstract No 60. 4th European Conference on Travel 
Medicine, Rome, Italy, March 2004 [oral presentation]. 

 Croft AM. Patterns of sickness and health in British Forces Germany. Research 
Forum, Department of Public Health & Epidemiology, University of Birmingham, 
England, May 2004 [oral presentation]. 

 Croft AM. Double-blind randomised controlled trial of malaria chemoprophylaxis in 
British soldiers, with extended follow-up. Abstract No 108. World Conference on 
Magic Bullets, Nürnberg, Germany, September 2004 [oral presentation]. 

 Croft AM. Direct health costs of occupationally acquired malaria in a military 
population in Europe. 9th Sharing Best Practice Workshop, Herford, Germany, 
October 2004 [oral presentation]. 

 Croft AM. Cutaneous leishmaniasis in British soldiers following military deployment 
to Iraq. Abstract No PO06.29. 9th Conference of the International Society of Travel 
Medicine, Lisbon, Portugal. May 2005 [poster presentation]. 

 Croft AM. Why research is needed to improve the health of military populations. 1st 
British Forces Germany Health Service Research Conference, Herford, Germany. 
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May 2005 [keynote address]. 

 Croft AM. Developing evidence-based tobacco cessation guidelines for the UK 
military. 1st Symposium of Military Tobacco Surveys and Cessation Programs, 
Taipei, Taiwan. May 2005 [keynote address]. 

 Croft AM. Mefloquine to prevent malaria: updating a systematic review. Abstract 
No O-351. 4th European Congress on Tropical Medicine and International Health, 
Marseilles, France. September 2005 [oral presentation]. 

 Croft AM. Cysticercosis in a female Nicaraguan traveller. Abstract No P44. 5th 
European Conference on Travel Medicine, Venice, Italy, March 2006 [poster 
presentation] 

 Croft AM, Leaver C, Gauron M.  Using routine meteorological data to determine 
leishmaniasis and malaria risk in southern Afghanistan. 6th European Conference 
on Travel Medicine, Rome, Italy, April 2008 [oral presentation]. 

 

Invited expert advisor to Parliamentary enquiries  
  

 Invited expert advisor to UK Parliamentary inquiry, House of Commons, 
Westminster: The use of Lariam (mefloquine) for military personnel (October 2015 
– February 2016). 

 Invited expert advisor to UK Parliamentary inquiry, House of Commons, 
Westminster: Mental health and the Armed Forces Part 2: the provision of care 
(September 2017 – July 2018). 

 Invited expert advisor to Canadian Parliamentary inquiry, House of Commons, 
Ottawa: The effects of mefloquine use among Canadian veterans (October 2018 – 
June 2019). 
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Academic prizes and awards 

 

The Parkes Memorial Prize   1995 

This prize commemorates the late Dr Edmund Parkes MD, assistant surgeon in the 84th 

Regiment and the first Professor of Hygiene in the Army Medical School from 1860 to 1876.  

The prize is awarded annually to the officer who has done most by professional work of 

outstanding merit to promote the study of military hygiene. 

 

Joint winner – the Bayer Scientific Prize   1995 

This prize is awarded annually in open competition at the Royal Society of Medicine to the 

Army, Navy or RAF trainee presenting research of outstanding scientific merit. 

 

The North Persian Forces Memorial 

Prize 

  1996 

This prize is provided from a fund raised in 1921 by regular officers of the Royal Army 

Medical Corps who took part in, and wished to commemorate, the withdrawal and 

dissolution of the forces in North Persia in that year.  The prize is awarded for the best 

paper on tropical medicine or tropical hygiene published in any journal during the year. 

 

NATO Medal   1996 

For active service in Bosnia, 1995–1996. 

 

The Alexander Memorial Prize   1997 

This prize commemorates Thomas Alexander CB FRCS(Ed), Director General Army 

Medical Department 1858-60, who reorganised the Army Medical Department after the 

Crimean War.  The prize is awarded annually for professional work of outstanding merit to 

promote the study and improvement of military medicine. 
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The North Persian Forces Memorial 

Prize 

  1998 

Citation as above. 

 

The Parkes Memorial Prize   2000 

Citation as above. 

 

The North Persian Forces Memorial 

Prize 

  2002 

Citation as above.. 

 

Royal Society of Medicine Essay Prize   2006 

This prize is awarded annually by the Pharmaceutical Medicine and Research section of the 

Royal Society of Medicine, in open competition, for an essay of outstanding merit on a given 

topic of current scientific importance. 

 

Campaign Medal   2008 

For active service in Afghanistan, 2007–2008. 

 

The North Persian Forces Memorial 

Prize 

  2010 

Citation as above. 

 

The ISTM Prize  2011 

This prize is awarded annually by the International Society of Travel Medicine, to the 

authors of the best review paper published on any travel health related topic, in the Journal 

of the Society of Travel Medicine. 
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The ‘Cochrane Club’ award  2012 

Awarded each year at the conclusion of the annual Colloquium of the Cochrane 

Collaboration (held in 2012 in Auckland, New Zealand).  Awards are given to the authors of 

the best podcasts published during the preceding year, in the Cochrane Library. 

 



Appendix 16 – Oral evidence to House of Commons (UK)  …201   
 

Appendix 16 

Extracts from online transcript of oral evidence given to House of 

Commons (UK) Defence Committee  

Inquiry: An acceptable risk? The use of Lariam (mefloquine)  

for military personnel 

(8 December 2015) 

 

 

 

Full transcript available at: 

 

http://data.parliament.uk/writtenevidence/committeeevidence.svc/evidencedocument/

defence-committee/an-acceptable-risk-the-use-of-lariam-for-military-

personnel/oral/25763.html 

 

[Accessed: 26 January 2020] 
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Appendix 17 

Extracts from online transcript of oral evidence given to House of 

Commons (Canada) Standing Committee on Veterans’ Affairs  

Inquiry: The effects of mefloquine use among Canadian veterans 

(15 May 2019) 

 

 

 

Full transcript available at: 

 

https://www.ourcommons.ca/DocumentViewer/en/42-1/ACVA/meeting-119/evidence 

 

[Accessed: 26 January 2020] 
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Form UPR16 
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