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Stellingen behorende bij het proefschrift: 

"Epidemiological Studies on Morbidity and Preventive Strategies 
during a Peace Support Operation in Cambodia" 

1. Een nauwkeurige morbiditeitsregistratie met mogelijkheid voor aanvullend onderzoek 
behoort vast onderdeel te zijn van een geneeskundig ondersteuningsplan bij uitzendingen 
van militair personeel. 

2. De malariaprofylaxe voor Nederlandse militairen zal zich moeten ontwikkelen van een 
groepsgericht beleid naar een op het individu gericht advies. 

3. Vaccinaties waarvan blijkt dat zij voor iedere uitzending worden toegediend, verdienen 
een plaats in het standaard vaccinatieprogramma van militairen; dit zal leiden tot een 
aanzienlijke vermindering van het aantal vaccinaties vlak voor een uitzending. 

4. De gedachte dat Nederlandse militairen waar ook ter wereld gelijkwaardige 
geneeskundige zorg als onder Nederlandse omstandigheden kunnen krijgen is 
weliswaar een voortreffelijk streven, maar staat op zeer gespannen voet met de 
operationele realiteit. 

5. Omdat economische analyses een steeds grotere rol gaan spelen in de gezondheidszorg 
is het van belang dat artsen de uitkomsten kunnen vertalen naar de dagelijkse praktijk. 

6. Op de preventie van seksueel overdraagbare aandoeningen rust binnen de militaire 
wereld nog steeds een taboe: men besteedt uitvoerige aandacht aan de voorlichting, 
maar deelt bij voorkeur niets mee over de resultaten. 

7. Binnen de Nederlandse militaire gezondheidszorg bestaat te weinig aandacht voor 
zelfstandig uitgevoerd en praktisch gericht wetenschappelijk onderzoek hetgeen het 
aanzien van de militair geneeskundige zorg nadelig beïnvloedt. 

8. Dankbare patiënten zijn uiterst zeldzaam in de preventieve geneeskunde omdat het 
succes wordt gekenmerkt door het niet optreden van ziekte. (Geoffrey Rose) 

9. Voor een zinvolle samenwerking tussen civiele en militaire hulpverleningsorganisaties is 
aanzienlijk meer wederzijds begrip nodig dan tot nu toe is getoond. 

10. Een onderbelicht succes van de NATO is het feit dat de lidstaten nu al bijna vijftig jaar 
vreedzaam vergaderen over zaken waarvoor ze vroeger onderlinge oorlogen 
begonnen. 

11. Het (te) zichtbaar dragen van mobiele telefoons en het onnodige gebruik daarvan in 
openbare ruimten zijn uiterlijke bewijzen van een gebrek aan innerlijke beschaving. 

12. De mooiste Engelse landgoederen bestaan uit de combinatie van een Palladiaans huis 
en een Engelse landschapstuin. 

A.P.C.C. Hopperus Buma, 11 januari 7< 
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Uit een anoniem stichtelijk boek (1635): 
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Suyver zijn verlenght u Jaren. 
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INTRODUCTION 

INTRODUCTION 

Peace support operations have been playing an increasing role in the military 

services over the last few years and this trend seems to be continuing. Troops from 

various industrialised countries have been serving in areas such as Bosnia, 

Cambodia, Somalia, Haiti, Zaire and Rwanda.1 4 During these operations troops 

have been exposed to various health risks ranging from infectious diseases to 

injuries and psychological disorders.5 8 Despite vast medical experience for many 

Western nations in the past, it often meant a renewed acquaintance with the many 

aspects of health care support such as preventive medicine, tropical diseases, combat 

injuries, and medical logistics. Therefore it is important to collect morbidity data 

from these missions. They contribute to the mission evaluation and assist in the 

planning of health care support for future operations. 

The objectives for this thesis were to study the effectiveness and efficacy of the 

preventive policies and to provide an overview on the morbidity and consequent lost 

working days in Cambodia. The type of deployment reported on in this dissertation, 

a peace support operation in the tropics, very much influenced the individual 

studies. Firstly because a "real world" military operation rightly limits the 

opportunities for medical research. Secondly the study has been greatly influenced 

by the presence of specific tropical pathology, such as malaria and arthropod-borne 

virus infections. Thirdly the austere circumstances in Cambodia caused additional 

restrictions for medical research such as problems with transportation and storage 

of blood samples. An overview on the history of preventive medicine and impact of 

infectious diseases in the military formed a derived objective. It should offer the 

appropriate context for this thesis because there are many lessons to be learned from 

the past. 

With these considerations in mind this thesis provides information on preventive 

strategies and morbidity surveillance among three battalions of Dutch Marines and 

Naval personnel during a United Nations peace support operation in Cambodia 

between 1992-1993. This introductory chapter describes the deployment in 

Cambodia and the study population and methods. It ends with an introduction to 

the individual studies. 
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CHAPTER 1 

THE UNTAC OPERATION 

This section provides a sketch in outline of the political background for the UN-

operations in Cambodia. The information is predominantly collected from the 

publications by Schoonoord and Bais.9'10 

After many years of war, chaos, and suppression by the notorious Khmer Rouge in 

Cambodia, the involved parties finally agreed on a peace settlement as proposed by 

the United Nations in September 1991. This resulted in the acceptance of 

"Resolution 668" by the UN Security Council on 20 September 1991. At the 

consequent peace conference in Paris in October 1991 parties accepted the 

'Agreement on a Comprehensive Political Settlement of the Cambodian Conflict". 

This formed the basis for the start of the United Nations Transitional Authority for 

Cambodia (UNTAC) operation. The mission was to establish a democratically ruled 

Cambodia. To achieve the objectives UNTAC was supposed to rule the nation 

temporarily, resulting in free elections in the spring of 1993. After the elections the 

UN-workers should gradually leave Cambodia. 

The UNTAC operation comprised seven different areas of attention: Refugees, 

Elections, Human Rights, Civil Police, Civil Administration, Rehabilitation, and 

the Military Component . The main tasks for the Military Component were to 

control the withdrawal of foreign troops and to protect the cease-fire. The 

composition of the multinational military component was envisaged to contain a 

total of 15.900 troops, divided over staff personnel, infantry battalions, engineer 

units, logistical and medical support elements, and specialised units from the 

Airforce and Navy. The staff was located in Phnom Penh; the infantry battalions 

forming the backbone of the operation were divided over sectors. Overall some 16 

Western and non-Western nations participated in the military component. 

The Dutch contribution consisted of three consecutive marine battalions of 

approximately 750 marines including supporting naval personnel. The Airforce 

contributed fixed wing aeroplanes (F-27) and Alouette helicopters, including crews 

and supporting staff. The Army provided some 46 personnel for the Movement 

Control Unit . Finally there were mine clearing teams and military police units. By 

the end of the deployment some 3000 Dutch military personnel had served in 

Cambodia. 

12 



INTRODUCTION 

STUDY POPULATION 

Composition 

The study population comprised three successive battalions of Dutch marines and 

naval personnel, containing 2289 persons in total: 760, 752, and 777 per battalion 

respectively. There were 2283 males and 6 females. The latter group was included in 

all studies except for the morbidity surveillance study in which we decided to 

exclude them for potential privacy reasons. The mean age of the total study 

population was 28.1 (standard deviation (SD) 7-4 years; range 17-52 years). 

Altogether they spent 1048 person-years (382,378 person days) in Northwest 

Cambodia from June 1992 to November 1993. Battalions 1 and 2 stayed for about 

6 months (battalion 1: June-December 1992, battalion 2: December 1992-June 

1993); battalion 3 stayed about one month shorter (June-October 1993). The mean 

individual stay was 5.1 months (SD 1.1 month: range 0.5-9.4 months). 

Medical fitness 

Because of the strict procedures for medical selection before joining the military 

services and the regular follow-up examinations during service (especially in the 

Marine Corps), in principle all military personnel were supposed to be fit for duty. 

Additionally during the pre-deployment phase the management of ad hoc medical 

contra-indications and (potential) problems was co-ordinated by the medical services 

of the Marine Barracks in Doorn, The Netherlands. This led to the withdrawal of a 

few individuals only. By the time the battalions left for Cambodia all personnel were 

considered fit for duty. 

Health instructions 

Before departure to Cambodia all personnel received 4 hours of oral presentations 

on health and hygiene in the tropics by the medical personnel. Additionally they 

received written information on health risks in the tropics." Furthermore practical 

instructions on field hygiene such as use of bed nets and the construction of latrines 

and field showers were provided in a mock encampment. Finally special attention 

was paid to the prevention of sexually transmitted diseases because of their high 

prevalence in Southeast Asia. 

13 



CHAPTER 1 

Immunisations 

A specific immunisation programme, based on a risk assessment, was designed and 

administered to all troops. For each battalion the vaccination schedule started 

approximately three months before departure to Cambodia (table 1). All military 

personnel were routinely immunised against diphtheria, tetanus, and poliomyelitis 

(RIVM combination vaccine, booster every 15 years) and typhoid (RIVM vaccine, 

booster every 3 years); if necessary booster vaccinations were administered in the 

right gluteal muscle and subcutaneously in the left upper arm respectively. Specific 

immunisations for the Cambodia deployment consisted of hepatitis A and B, 

meningitis A+C, Japanese encephalitis, and rabies. The rationale for the pre

exposure rabies vaccination was based on the unknown locations and attainability 

of the medical facilities in advance. Moreover there were logistical risks for the 

storage of vaccines under field conditions in Cambodia. 

The inactivated hepatitis A vaccine (Havrix 720) had just become available and was 

given in 3 doses. The first two doses were administered in the left gluteal muscle, the 

booster dose was given in the right deltoid muscle at eight months. The other 

vaccines comprised hepatitis B (Engerix-B, i.m. left deltoid muscle), rabies (Merieux 

inactivated rabies vaccine, i.m. right deltoid muscle), meningitis A+C (Meningovax 

A+C, s.c. right upper leg), and Japanese encephalitis (JE vaccine Korean Green 

Cross Corporation, s.c. right upper arm). All vaccines were stored at 4°C and 

brought to room temperature before use. For intra-muscular vaccinations 6 cm long 

needles were used. 

General preventive measures and malaria prophylaxis 

During the deployment food and bottled potable water were acquired from 

Thailand. With in the field kitchens maximum standards for hygienic food 

preparation were pursued. The importance of hygienic discipline was continuously 

stressed. For example hand washing before the meals was obligatory in the 

encampments. Furthermore a strict policy of no alcohol was maintained while in 

Cambodia. As a preventive measure for sexually transmitted diseases (STD), 

condoms (Durex Bene-luxe™) were taken from The Netherlands and freely 

distributed during the deployment. Supervised personal protective anti-mosquito 

measures included the use of long sleeves and trousers between sunset and dawn, 
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INTRODUCTION 

insect repellent (diethyl-methyl-toluamide 50%), and permethrine impregnated bed 

nets. 

The choice for the malaria chemoprophylaxis was dominated by the existence of 

multi-resistant malaria in the area of operations. Before departure there were already 

reports on multi-resistant malaria in Western Cambodia.12-13 Both specialist advice 

and literature indicated only two available options: weekly mefloquine (250 mg) or 

daily doxycycline (100 mg).14'15 The Medical Services of the Royal Netherlands Navy 

decided to use mefloquine because of lower expected adverse events and higher 

expected compliance with a weekly regimen. It is relevant to mention that most 

information used in the current debate on possible mefloquine adverse events date 

from studies published after the Cambodia deployment had finished.1618 

Living conditions 

During transit to and from Cambodia troops were accommodated in a hotel in 

Pattaya, Thailand. Operational periods were spent in military camps in Northwest 

Cambodia. One location was situated amidst dense jungle (Sok San); other sites 

were on the fringes of forests and in rice-growing areas near villages and small towns 

(figure 1). Battalion 1 started in tents with basic shower and pit latrine facilities; by 

the end of the tour these were replaced by basic timber buildings, including 

permanent showers facilities and latrines. The facilities improved during the stays of 

battalions 2 and 3. During the entire deployment small outposts were manned 

continuously, where (changing) groups remained accommodated in tents. All had a 

2-week midterm rest and recuperation (R&R) leave which was spent either in The 

Netherlands or in hotels in Thailand, Malaysia, or Singapore. From the post-travel 

questionnaires we learned that 4 8 % had spent their R & R in The Netherlands. In 

addition one or two short leaves could be spent in hotels in Phnom Penh, 

Battambang in Cambodia or in the border town Aranyaprathet, Thailand. 

Health care support in Cambodia 

The medical organisation in Cambodia included four first line sickbays, so called 

Company Aid Posts (CAP) to cover the main company locations, including the 

outposts. The CAPs were manned by a doctor who was assisted by several medical 

assistants. They formed the so-called first echelon. There was one more advanced 

15 



CHAPTER 1 

(second echelon) facility, the Field Dressing Station (FDS), offering surgical, X-ray-, 

ward-, and additional laboratory facilities. Medical and dental personnel who 

manned these facilities were predominantly recruited from the Medical Services of 

the Royal Netherlands Navy and included Combat Live Savers of the Marine Corps. 

The surgical teams also involved Army Medical Personnel. Before departure medical 

personnel received additional training in tropical medicine and traumatology. The 

training in tropical medicine included a one week laboratory course for the 

microscopic diagnosis of malaria (thick and thin Giemsa stained blood smears) and 

microscopic stool examination. This training was provided by the laboratory of the 

Harbour Hospital, Rotterdam, The Netherlands. 

O n site most diagnoses were made clinically with only limited laboratory facilities 

available. All locations had basic laboratory facilities to examine blood (e.g. 

sedimentation rate, haemoglobin, blood smears) and urine (e.g. dipstick, sediment). 

Additionally the FDS offered chemical laboratory facilities such as electrolytes and 

liver function tests. There were no facilities for culturing or serological testing on 

site but in a few cases specimens were sent to The Netherlands. Therapy was given 

according to written standardised treatment guidelines, as prepared before 

departure to Cambodia.1 9 '2 1 During and after deployment there were well 

established possibilities for consultations on tropical and infectious diseases with 

the Department of Infectious Diseases, Tropical Medicine and AIDS of the 

Academic Medical Center and the Department of Public Health and Environment 

of the Municipal Health Service, both in Amsterdam, The Netherlands. 

STUDY METHODS 

Introduction 

Three major sources provided the data collection for this thesis: we used a morbidity 

surveillance system, anonymous post-travel questionnaires and blood samples. 

Written informed consent on blood testing was obtained from the participants and 

an institutional review board (Military Medical Committee) approved the study 

proposals. 

16 



INTRODUCTION 

Some remarks about the restrictions for medical research during the Cambodia 

deployment should be made first. These reflected the problems that usually appear 

during any research under military operational circumstances. For example 

changing field conditions and movement of troops limited the opportunities for 

data collection. It should also be obvious that there was no role for any kind of 

medical experiment under those circumstances. Moreover all personnel received 

identical preventive measures such as immunisat ions and malaria 

chemoprophylaxis. Consequently this caused restrictions in the selection of control 

groups and variables. In our studies we could therefore only select limited variables 

such as battalion, location, age and rank. Furthermore regular medical personnel 

performed the data collection, so the research was sometimes endangered if priority 

had to be given to other tasks. Finally there were financial restrictions, because there 

was no extra budget or personnel available for research. These concerns are 

applicable to many nations, so it is not surprising that only a few countries are 

willing and capable to send (full-time) researchers and laboratory facilities to the 

deployment areas.22 '24 With these restrictions in mind I will now discuss the separate 

data collections. 

Morbidity surveillance 

During deployment the consultations, diagnoses, treatments, and lost working days 

were entered into a specifically designed database (Otello ), based on the routine 

disease and injury registration system in the Royal Netherlands Navy. Medical 

personnel on site used portable computers with standardised surveillance software. 

Computer failures under field conditions were anticipated. Therefore hard copies 

were routinely made; these were entered in the database afterwards. Diagnoses were 

categorised in accordance with the International Classification of Diseases (ICD-

9).25 Data collection per person or battalion comprised solely the periods spent in 

Cambodia. The results of this study thus contain no follow-up information after 

repatriation. Due to the operational circumstances it is possible that some 

information has not been registered. However we felt confident that the collected 

data could be considered sufficiently reliable to establish relationships and trends. 

17 



CHAPTER 1 

Post-deployment questionnaire 

At the post-deployment medical screening, about one week after return in The 

Netherlands, participants were asked to complete an anonymous questionnaire. It 

contained questions on health problems during the first four weeks and the period 

thereafter. It concentrated on diarrhoeal complaints and malaria chemoprophylaxis 

experiences. A separate section dealt with sexual behaviour. Because of the 

anonymous design it was not possible to combine these results with the data from 

the morbidity surveillance. 

We received 1885 (82%) valid questionnaires that were used for analysis. The 

answer-rates per battalion were 703 (93%), 513 (68%) and 669 (86%) respectively. 

The lower response in the second battalion was due to the fact that one company 

did not get the questionnaire because of logistical problems. If we were to subtract 

the number of people in this company (n=130) the answer rate in the second 

battalion would have been 8 3 % . There was a similar age-distribution in comparison 

to the other companies. 

Blood samples 

It was the policy of the Medical Services of the Royal Netherlands Navy to collect 

and store blood samples of all personnel bound for Cambodia. In the first battalion 

the samples were drawn before departure, just before the first immunisations were 

administered, followed by samples taken one week and three months after return 

from Cambodia. It was decided to drop the latter sample for battalions 2 and 3. All 

blood samples (20 ml) were drawn in the Marine Barracks in Doorn, The 

Netherlands. After collection the blood samples were directly transported to the 

Regional Laboratory of Public Health of the Municipal Health Service, Amsterdam, 

The Netherlands, where they were centrifuged and stored as sera at -20°C. 

All pre-deployment samples were screened for hepatitis A antibody (anti-HAV) titres 

using an enzyme-linked immunoassay (HAVAB, Abbott Laboratories, Nor th 

Chicago, IL, USA). The results were used to avoid unnecessary immunisations and 

for a cost-effectiveness analysis. To study the immunogenicity of an inactivated 

hepatitis A vaccine anti-HAV was measured according to a modified HAVAB 

protocol and an enzyme-linked immunoassay test (SBB-ELISA) protocol in the two 

post-deployment samples of the first battalion. 

18 



INTRODUCTION 

For the malaria chemoprophylaxis study mefloquine and metabolite concentrations 

in 23 falciparum malaria and 34 control cases from battalion 1, were determined by 

high-performance liquid chromatography (HPLC) at the Centers for Disease 

Control (CDC), Atlanta (G), United States. This same method was used at C D C to 

study the differences between mefloquine whole blood and serum concentrations. 

The mefloquine concentrations for the ECG study were determined by the 

Laboratory of Clinical Pharmacology of the Academic Medical Center, Amsterdam, 

The Netherlands. 

During the deployment it was possible to send blood samples of malaria patients to 

the Armed Forces Research Institute of Medical Sciences (AFRIMS) in Bangkok, 

Thailand, for the isolation of parasites and in vitro mefloquine sensitivity testing. 

Additionally, at the post-deployment screening of battalion 1, thin and thick blood 

smears were obtained and sent to AFRIMS for examination. Finally malaria after 

return in The Netherlands was diagnosed by examination of thick and thin blood 

smears in Navy sickbays and at the Academic Medical Center, Amsterdam, The 

Netherlands. 

INDIVIDUAL STUDIES 

This general introduction chapter is followed by an historical overview on the close 

relation between preventive medicine and military campaigns (chapter 2). It 

describes the experiences with infectious diseases from antiquity until the recent 

peace support operations. It shows the major improvements in the prevention and 

treatment of infectious diseases over the years but also stresses the need for 

continued alertness to maintain the basic rules on hygiene. 

Chapter 3 shows the results of the morbidity surveillance among the three 

battalions during their deployments in Cambodia. The objectives were to determine 

incidences of and risk factors for overall and cause specific morbidity and lost 

working days. 

Chapters 4, 5, and 6 report on the experiences with mefloquine as malaria 

chemoprophylaxis. Chapter 4 reports on the experiences with mefloquine as long-

term malaria chemoprophylaxis. The objectives were to study compliance, adverse 

events and the effectiveness. 
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CHAPTER 1 

Chapter 5 concentrates on the tolerance of mefloquine chemoprophylaxis with 

emphasis on cardiac parameters. The study was prompted by reports on cardio-

toxicity of halofantrine, which was used as malaria therapy in Cambodia. 

Chapter 6 describes the comparison of whole blood and serum levels of mefloquine 

and its carboxylic acid metabolite. Although whole blood samples were generally 

preferred to measure mefloquine concentrations, the field conditions dictated that 

only serum was available. Consequently it was important to evaluate the relation 

between serum and whole blood levels of mefloquine and its metabolite respectively. 

The latter was important as marker for possible evaluation of chemoprophylaxis 

compliance 

Chapters 7 and 8 deal with our experiences with the hepatitis A vaccination policy. 

As only limited information was available, we studied the immunogenicity of a 

newly introduced inactivated hepatitis A vaccine as part of the extensive vaccination 

schedule (chapter 7). 

Chapter 8 offers an economic study. We analysed the cost-effectiveness of hepatitis 

A vaccination regimes, using a mathematical s imulat ion model. Passive 

immunisation and two active vaccination strategies (with and without prior 

screening) were compared to "doing nothing". 

The last study comprised our findings on sexual behaviour and sexually transmitted 

diseases during the Cambodia deployment (Chapter 9). Much attention was paid to 

the prevention of sexually transmitted diseases because of their high prevalence in 

Southeast Asia. To evaluate the efforts we performed an observational study by using 

the post-deployment questionnaires and the morbidity surveillance data. 

In the general discussion (Chapter 10) I develop my personal thoughts on the 

lessons identified from the Cambodia deployment and make some proposals for 

future operations. Finally chapter 11 provides a summary. 
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INTRODUCTION 

TABLE 1 IMMUNISATION SCHEDULE FOR DUTCH MARINE BATTALIONS 
DURING THEIR CAMBODIA DEPLOYMENT (1992-93). 

Time Intervals 

t=0 t=+1 week t=+3 weeks t=+9 weeks t=+8 months 
Vaccination 

Hepatitis A + + 

Hepatitis B + + + 

Rabies + + + 

Meningitis A+C + 

Japanese Encephalitis + + 

Typhoid a + 

DTPb + 

a. booster vaccination if required 

b. DTP: diphteria, tetanus, poliomyelitis. Booster vaccination if required. 

Thailand Laos 

Vietnam 

Figure 1. Campsite locations (underlined) of the Dutch Marine Battalions in Northwest Cambodia 
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PREVENTIVE MEDICINE AND MORBIDITY IN THE MILITARY 

INTRODUCTION 

This thesis deals with the relationship between preventive medicine and morbidity 

during a peace support operation in Cambodia with emphasis on infectious 

diseases. Before going into the details of the separate studies it should be explained 

why the military has always shown such a keen interest in preventive medicine and 

morbidity. The answer from a military operational point of view to this question is 

straightforward: morbidity leads to non-operability and is a potential threat to a 

military operation. From personnel and medical points of view there are additional 

answers to this question. Most Western nations have proposed that the medical care 

during peace support operations should be similar or comparable to that received in 

the home nation.1 '2 Furthermore, effective and efficient medical care under all 

military circumstances (including the peace support operations) is considered to be 

part of an appropriate personnel policy. These are important issues for the 

individual soldier and his employer i.e. the government. Finally there might be an 

historical explanation for the military medical attention paid to preventive medicine 

and morbidity. History is replete with examples showing the immense influence of 

morbidity and mortality on military campaigns. Therefore without an historical 

overview to illustrate this impact this thesis would be incomplete. 

This overview concentrates on the impact of infectious diseases on military 

operations in tropical and mild climates from the antiquity until the recent peace 

support operations. It describes the experiences of Western troops but it should be 

kept in mind that these can not be separated from the synchronous civilian and non-

western history as there has been a lot of mutual influence. Furthermore it is not 

always easy to assess the information from older sources because of restricted 

diagnostic value or different methods in data collection. Finally this overview is 

predominantly based on Dutch, English, and American sources. W i t h o u t 

denigrating other sources, I should give great credit to the detailed Dutch study 

Arts en Oorlog" by JA.Verdoorn which I often used as starting point for further 

study.3 
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ANTIQUITY UNTIL MEDIEVAL TIMES 

There were already examples in the ancient world indicating that disease played an 

influential role in military campaigns. According to the Greek reporter Herodotus, 

the Persian king Xerxes lost the majority of his 1.5 million troops during the retreat 

from the battle of Salamis (480 BC) because of disease and starvation. Alexander 

the Great (356-323 BC), on his way home from a campaign in India, lost two third 

of his troops in the desserts of Gedrosia (nowadays Western Pakistan) because of the 

climate, disease (especially malaria) and starvation.4 Later he probably also died 

from malaria.5 The experiences in those days already raised questions on logistics 

and sanitation for military forces at sea and on land. In the first book written on 

medical geography :"Airs, waters and places", Hippocrates (460-370 BC) already 

stressed the important influence of these elements to health and disease.6 

Changing to the Roman times it is fascinating to study their highly developed 

approach to basic hygiene such as clean water supplies, public baths, sewerage, and 

public latrines.7 '8 Many of their measures would have been beneficial today. 

Furthermore these rules of sanitation were checked, especially among the legions on 

campaign or posted on the outskirts of the vast Roman Empire. Many of these 

hygienic measures were attributed to Julius Caesar, but the honour for first 

describing military hygiene rules including the use of field latrines belongs to Moses 

as written in the Bible book of Deuteronomy (Chapter 23. Verses 9-14). Despite 

these preventive measures the Roman legions suffered a lot from disease such as 

malaria, diarrhoeal diseases and environmental disorders.9 With the fall of the 

Roman empire the knowledge of hygiene seemed to have faded away. 

From a medical point of view the medieval times in Europe are characterised by 

poor sanitation and major outbreaks of disease, such as the plague and syphilis.10 

Similar conditions existed in the military: the first crusade comprised 700,000 men 

when they left Constantinopel in 1095. By the time they had conquered Jerusalem 

(1099) there were only 50,000 men left. Most had died from disease and 

starvation." O n e remarkable civilian rule on prevention during this period should 

be mentioned: the installation of quarantine in 1377 in Venice and Ragusa 

(nowadays Dubrovnik), soon followed by Genoa and Marseilles.12 
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16 T H UNTIL 1 8 T H CENTURY (1500-1800) 

Travelling at a larger scale for the Dutch started in the second half of the sixteenth 

century. The maritime expansion and consequent trade with the East Indies 

introduced long sea voyages and exposure to tropical diseases. There are some Dutch 

references available concerning this period. Doctor Pop, the first Inspector Naval 

Medical Services in the Dutch Navy, described the enormous impact of disease in 

the Dutch Navy in those days. During a naval expedition to Spain, the Canary 

Islands and St. Thomas under Admiral van der Does in 1599, yellow fever, malaria 

and scurvy killed most of the 8000 men. The admiral and all but two of his captains 

died from disease.13 Whereas in October 1666, Admiral de Ruyter had to be 

evacuated from his fleet in the Channel to The Netherlands because of severe 

malaria. It took him several months to recover.14 

Schoute postulated an average mortality rate of 15% from disease among sea crews 

on the outward voyages to Batavia between 1624-1632.15 This rate looks rather low, 

but the calculations did not include the sick and wounded who stayed behind in the 

Dutch settlements en route such as St. Helena, Mauritius, and De Kaap. Leuftink 

also wrote about the health care in the Dutch Navy during the 17* century. He 

stated that the three great plagues for seafarers were scurvy, malaria, and diarrhoea. 

Disease was a much greater risk to life than storms, wars, and piracy together. From 

1650 onwards louse-borne typhus was added to the life threatening diseases. Known 

as "febris nautica" it formed the major disease on board of the ships during the 18 t h 

century.16 

Van der Brug reported on the devastating effects of malaria in and around Batavia. 

He calculated a mortality rate among military personnel as high as 142 per 1000 

men years from 1700-1730 increasing to 296 per 1000 men years from 1730-1775.17 

A report from the university of Leiden, signed by the famous Boerhaave in 1736, 

about this high morbidity and mortality among personnel of the Dutch East India 

Company (VOC) was unable to present any medical solutions but already stressed 

the need for accurate morbidity surveillance.18 

The situation among British troops at sea and ashore was similar to the Dutch 

experiences. Because of the influential British role in maritime and military 

medicine during the 18^ century a few important names should be mentioned. The 

first is John Pringle, army doctor and student of Boerhaave in Leiden, who 
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published his much translated and influential work "Observations on the Diseases 

of the Army" (1752). He thought that most diseases were caused by the lack of clean 

air and sanitat ion. Therefore he recommended adequate ventilation and 

sanitation.19 '20 

The second name is James Lind, a naval doctor, who deserves closer attention. He 

is considered to be the father of naval medicine and is much mentioned by Pop in 

his historical studies from 1866-1868. Lind was far ahead of his time and it is 

fascinating to study his detailed observations. In 1747 he probably performed the 

first recorded clinical trial. During an outbreak of scurvy he chose 12 patients, 

housed them together in the sickbay, and gave them the same basal diet. He then 

gave six treatments to two men: 1) on quart of cider lx daily: 2) 25 drops of elixir of 

vitriol 3x daily: 3) two spoonfuls of vinegar 3x daily: 4) half a pint of sea water 3x 

daily: 5) a concoction of garlic, mustard, horseradish, gum myrrh and Peru balsam 

3x daily: and 6) two oranges and one lemon daily. Not surprisingly, those who 

received the latter treatment recovered with astonishing rapidity, although those 

who had cider also showed some improvements. Based on this study he wrote his 

famous report "A treatise of the scurvy" (1753), in which he acknowledged the Dutch 

experience on this issue and advised on the daily use of oranges and lemons to 

prevent scurvy. It was not until 1794 that the British Admiralty agreed on daily 

rations of lemon juice for sea going crews, a measure that led to their nickname 

"Limeys".21'22 

His book "Essay on the most effectual means of preserving the health of seamen in 

the Royal Navy" (1762) laid the foundation of naval hygiene. In this essay Lind 

introduced sand filtration for water purification and the distillation of sea water to 

drinking water. However in this respect there is an older Dutch claim because this 

process had already been described and introduced in 1624 by Dr. Aegidius Snoek 

from Amsterdam on board of the V O C vessel "Gouda".2 3 It was not introduced on 

a large scale on the ships because of the need for a bonfire and the required large 

amounts of wood. Furthermore Lind advocated the introduction of uniforms and 

regular bathing to promote hygiene on board. Finally in his "Essay on diseases 

incidental to Europeans in hot climates" (1768), he recommended small daily doses 

of cinchona bark to prevent fever in the tropics.21 He stressed the beneficial effects 

of moderate heights and hill stations to prevent malaria and yellow fever. 
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Consequently hill stations were used successfully by British troops in the West 

Indies and India and by the Dutch in the Dutch East Indies.24 

19 T H CENTURY UNTIL WORLD WAR I (1800 - 1914) 

For preventive medicine this was a highly important period, because many of the 

principles of disease prevention used now originated then. But first some examples 

of disasters: from Napoleon's campaign to Russia in 1812 only a few thousand troops 

from the originally 360,000 men returned to France. Most died from cold, 

starvation and diseases such as typhoid, diarrhoea, and louse-borne typhus.25 

Another intriguing example existed in the 70,000 British troops who landed on 

Walcheren in 1809 to fight the French. After a successful start in July they had to 

withdraw a few months later, having suffered 35,000 diseased and 10,000 deaths 

from malaria ("Zeeuwse Koorts").26 However it is hard to understand which type of 

malaria this was and it is well possible that these lives lost were caused by another 

disease. 

During the Crimean War (1854-1856) cholera killed thousands of British and 

French troops. Thanks to the hard work on improving hygiene in the British 

hospital in Scutari, Florence Nightingale and her team managed to decrease the 

mortality from 225 per thousand during the first year to 22 per thousand in the 

second year of this war.27 Among the Dutch troops during the "Atjeh Wars" in the 

Dutch East Indies (1873-1913), about 2000 men died from battle injuries compared 

to an estimated 10,000 from infectious diseases such as cholera and malaria.28 

A study of particular interest on the ÎÇ'*1 century is "Death by Migration" by Philip 

Curtin. It provides valuable information on morbidity and mortality between 1816 

and 1914 among European troops that were stationed in the tropics. For example 

mortality around 1830 among Dutch troops in the Dutch East Indies reached 170 

per 1000 men-years. For the French troops in Algeria this was 78 per 1000 men-

years, and among British troops in Ceylon this was 70 per 1000 men-years. Most 

men died from diseases such as malaria, yellow fever, and cholera and to a much 

lesser extent from war injuries.29 Compared to their home nations the only 

advantage of being in the tropics was a much lower incidence of tuberculosis. 

The study also demonstrated how basic public health improvements such as 

31 



CHAPTER 2 

appropriate altitude (e.g. hill stations as promoted by Lind), clean water and air, and 

sewage disposal (as advised by Pringle), already contributed to improved health 

among the troops in this period before the great discoveries of microbiology. For 

comparison, between 1860 and 1880, the mortality rates in the Dutch East Indies 

declined from 80 to 20, British figures in Ceylon decreased from 45 to 15, and the 

French figures in Algeria declined from 20 to 10 per 1000 men years. 

Further improvements occurred after the discoveries in microbiology by Koch and 

Pasteur and increasing knowledge on hygiene such as water and food management 

and sewage control. From 1860 to 1914 mortality figures dropped further to 5 per 

1000 men years for the French in Algeria, 5.5 for the British in Ceylon and 6.5 for 

the Dutch in the Dutch East Indies. Compared to the figures from 1830 this 

represented falls of 9 3 % , 9 2 % and 9 6 % respectively.30 Despite these major 

improvements there were still many problems to be solved. For example during the 

Boer War (1899-1902) Wright had started the first attempts at mass immunisations 

against typhoid. This disease was a major problem during this war: among the 

557,653 British troops, 57,686 cases of typhoid occurred with 8225 deaths. This 

figure should be compared with the 7582 men who died from battle wounds.31 

Finally I would like to mention some names trom this period to illustrate the 

influential role of the military medical services on hygiene and tropical medicine. 

The first one is E.A. Parkes, who in 1861 became the first professor of hygiene at the 

Army Medical School in the United Kingdom. He started the annually published 

"Review of the Progress of Hygiene" which noted the important articles in the 

principal European languages and reviewed new developments in hygiene.32 He 

wrote a manual on hygiene which, revised and enlarged by his successors, became 

the international standard on tropical hygiene of that time entitled: "The Theory 

and Practice of Hygiene". Other names from Britain included Burnett (1779-1861) 

and Bruce (1855-1931) on brucellosis and Leishmann (1865-1926) on 

leishmaniasis.33 

In the United States there was Walter Reed (1851-1902) after whom the famous 

"Walter Reed Army Institute of Research" (WRAIR) has been named. He played a 

major role in hygiene and preventive medicine for the US Army and discovered the 

transmission of yellow fever by mosquito.3 4 
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Finally it should be noticed that both Laveran and Ross were military doctors when 

they made their malaria discoveries in 1880 and 1897 respectively.33 

THE TWO WORLD WARS (1914-1945) 

This part contains data on preventive medicine and morbidity related to the wars of 

1914-18 and 1939-1945. Despite further improvements in prevention, diagnosis and 

treatment, disease remained a major concern for the military forces. 

During the First World War (WW I) most armies had well-established preventive 

medical units and strict rules of hygiene applied. However different approaches to 

immunisations existed. When the war started most British and American troops 

were immunised against typhoid. The number of typhoid cases on the Western front 

in the British army was 2431 with 208 deaths (8.6%) and the American troops had 

2500 cases with 227 typhoid deaths (9.1%). The French, who were not immunised, 

had serious typhoid outbreaks in 1914 with 127,052 cases of whom 9.5% died; from 

1915 onwards they were all immunised and consequently the figures came close to 

the American and British results. The German troops, who were also not 

immunised, suffered 31,783 typhoid cases during the first four months at the 

Western front. From October 1914 until January 1915 all German troops were 

immunised resulting in a sharp decline of typhoid cases.36 

Other W W I experiences included bacterial dysentery among the about 7 million 

German troops on the Western front causing 133,861 dysentery cases of whom 8646 

died (5.6%).37 Some major outbreaks that influenced the operational setting took 

place among British troops. Around Gallipoli during 1915, diarrhoea incidences 

leading to hospital admissions peaked at 1800 per 1000 men years. Probably four 

times that number occurred, but for the lack of hospital beds they were not admitted 

and therefore not recorded.38 During the first six months of the East Africa 

campaign in 1916, 51,000 cases of malaria occurred in a force of 58,000. Over the 

whole campaign some 123,000 cases were registered. In Macedonia (1916-1918) 

162,507 British soldiers suffered from malaria as opposed to 24,000 from battle 

casualties.39 The French army experienced 60,000 cases of malaria in Greece of 

whom 650 died.40 
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However compared to previous wars and campaigns, W W I already showed major 

improvements in prevention, diagnosis and t rea tment of disease. Overall 

tuberculosis was the top cause of morbidity at the Western front. Among American 

troops in France (1916-18) this was followed by gonorrhoea, especially after their 

leaves in Paris. It caused millions of lost men-days, mainly caused by the extensive 

treatments in that period.40 '41 Additionally an important fact was that the decline in 

morbidity from infectious diseases was partially compensated by the increase in 

psychological and psychiatric disorders.40 It was from this period onwards that these 

disorders became more widely reported, although they were as a phenomenon much 

older than W W I . « ^ 3 

The Second World War (WW II) showed further improvements in prevention and 

treatment of infectious diseases. For example from W W I to W W II hospitalisation 

rates for disease among American troops declined from 427 (per 1000 men years) to 

112.5 and mortality dropped from 10.5 to 0.15 per 1000 men years.44 When the war 

started the situation for preventive medicine looked positive: several immunisations 

(typhoid and tetanus, later followed by gamma globulin) existed and diagnosis and 

treatment had further improved. Rules of hygiene were well established, clean 

drinking water and safe food were usually available, and one should not forget the 

influence of pesticides (DDT) in the prevention of insect related diseases. 

Despite all these achievements the results were not so successful as expected and an 

important impact from infectious diseases on the overall morbidity remained. For 

example among all American troops (about 12 million) the number of casualties 

from disease was five times the number from battle and non-battle injuries all 

together. Between 1942-1945, about 15 million soldiers were hospitalised for 

disease, this being 8 5 % of all hospitalisations. The mortality among those 

hospitalised for disease formed only 5% of the total mortality among US troops in 

WWII . Ou t of the 418 million registered lost men days, 69% was caused by disease, 

17% by battle casualties and 14% by non-battle injuries. It should be noticed that 

the disease figures included the ever increasing number of war related psychological 

and psychiatric disorders (one million hospitalisations).45 

Among the US troops in the tropics the main infectious diseases were malaria and 

diarrhoea. A total of 492,000 malaria cases were registered causing about 9 million 
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men days lost. Due to improved prevention and treatment only 302 patients died 

from malaria. Diarrhoea accounted for 92,000 hospital admissions, leading to a 

considerable non-availability, and caused 64 deaths. Hospital admissions for 

diarrhoea are probably a poor reflection of the real size of the problem, because 

most cases were treated wi thout hospital isat ion. Good news came about 

tuberculosis, which with 13.5% had been on top of the overall morbidity for W W 

I; during W W II it scored a 13 t h place with only 1.9%.46 

Morbidity data from other nations comprised the British 14 th Army ("Slim's 

forgotten army") which had major disease problems during their Burma campaign. 

In 1943 malaria incidences became as high as 840 per 1000 men years and diarrhoea 

accounted for 100 per 1000 men years. For every man wounded in battle, more than 

100 were evacuated for disease.47 Overall malaria was responsible for 176,000 (36%) 

of the total 490,000 admissions to British hospitals in Southeast Asia; battle 

casualties caused 23,000 admissions (5%). After strict application of personal 

protective measures and installation of supervised malaria chemoprophylaxis 

(Mepacrine), the infectious disease rates dropped dramatically in Southeast Asia. 

For example in New Guinea, a highly malarious area, the hospital admission rate 

among Allied troops fell from 740 in 1943 to 26 per 1000 men years in 1944. By 

1945 the malaria admission rate for all British troops in Southeast Asia declined to 

15 per 1000 men years.48 Moreover Slim recognised the importance of the line 

officer in the control of infectious diseases because they controlled the hygienic 

rules, supervised application of personal protective measures and checked the 

compliance to the malaria chemoprophylaxis. He stated: " more than half the battle 

against disease is fought, not by doctors, but by the regimental officers".47 The 

importance of this statement cannot be overemphasised. 

The infamous hepatitis outbreaks during the North African campaign showed 

another example of operational influence by disease. It has been reported that 

among the New Zealanders eventually one third suffered from jaundice, probably a 

mixture of hepatitis A and "arseno-therapy" hepatitis.49-50 

The German disease data from W W II showed that an estimated 125,000 soldiers 

died from disease. From all hospital admissions 64% was caused by disease, 27% by 

battle injuries, 6% by non-battle injuries and 3 % by frostbite. In contrast to the 

Allied forces, where no outbreaks occurred, there were still 47,856 cases of louse-
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borne typhus with a 16.3% mortality rate. The German figures were greatly 

influenced by the lack of medical and logistical supplies and the poor hygienic 

circumstances on the Eastern front and in the Balkan states. Among a sample of 

more than 1 million hospital admissions the major disease groups were found in 

laryngo-pharyngitis (33.5%), influenza (15%), and bacillary dysentery (15%). Some 

smaller causes were found in diphtheria (8.2%), tuberculosis (5.8%), scarlet fever 

(5.2%), malaria (5.2%) and louse-borne typhus (4.7%).51 

In conclusion, despite further improvements in prevention, diagnosis and 

treatment, both wars still showed several examples of major impacts by infectious 

diseases. Although during both wars by far most morbidity and lost men days 

occurred from disease, most mortality was this time, in contrast to the 19e'1 century, 

caused by battle related injuries. 

FROM THE WORLD WARS ONWARDS (1945-1995) 

The period from W W II onwards can be recognised by further developments in 

prevention and continuous improvements in diagnosis and therapy. Many studies 

on preventive medicine and morbidity, linked to several deployments, were 

published. I can only discuss a selection. The first one is the thesis by Doeleman 

(1955) on the medical history of an Infantry battalion on the isle of Java from 1946 

to 1950. He found a mean non-availability of 4 .5% per day. He reported that 9 1 % 

of the hospitalisations were caused by disease, 6% by non-battle injuries, 2% by 

battle injuries and 1% by psychiatric disorders. In the battalion of about 800 men 

the morbidity top seven causes of disease were malaria (346 admissions with 3572 

hospitalisation days), diarrhoeal diseases (285 admissions with 3179 hospitalisation 

days), nephrolithiasis (55 admissions with 1496 hospitalisation days), hepatitis (38 

admissions with 1131 hospitalisation days), sexually transmitted diseases (73 

admissions with 1018 hospitalisation days), dermato-mycosis (64 admissions with 

981 hospitalisation days), and appendicitis (25 admissions with 627 hospitalisation 

days). Finally he registered many non-battle injuries of which most were related to 

sporting activities (45%) and traffic accidents (30%).52 

The Korean War (1950-53) also offered some interesting information. Due to the 

well organised military medical services no major non-availability from of infectious 
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diseases occurred, despite numerous threats. However the US Army admission rate 

for disease versus injuries was still 8:1.53 They experienced 78,970 lost men days 

from diarrhoea and in August 1950 the incidence peaked at 120 per 1000 men 

years.54 Among US marines and naval personnel there were 4542 new diagnoses of 

malaria causing 50,294 sick-days, but no deaths from malaria occurred.55 British 

figures showed that from every 1000 admissions 620 came from disease, 112 from 

accidents, and only 1 from enemy action, (personal communication Brigadier 

J.R.Brown, British Army). 

Infectious problems re-emerged among the 1,609,989 French troops, who served in 

the Indo-Chinese War between November 1945 and June 1954. They reported 

193,380 amoebiasis patients of whom 88,568 were hospitalised, 4900 had to be 

repatriated, and 192 died.54 They experienced malaria incidences of 478 cases per 

1000 men years in 1946, which fell to 96 in 1954 after the introduction of 

chloroquine as a prophylactic drug. There were 294,000 malaria cases over this 9 

year campaign, with 620 deaths.5 6 In the following Vietnam War malaria and 

diarrhoeal diseases again proved to be the major morbidity concerns among the US 

troops. In 1965 the malaria rates rapidly rose from 10 to 100 cases per 1000 men-

years due to the miscalculation on the development of chloroquine resistant 

malaria.56 Over the period 1964-1973 US marines and naval personnel (average 

strength about 900,000 troops) experienced 24,606 malaria cases, leading to 

391,965 sick-days and 46 deaths.5 5 Among US Army personnel stationed in Vietnam 

in 1965, the average hospital admission rate was 450 per 1000 men years of which 

80% was caused by disease. The admission rates for diarrhoea and malaria were 76 

and 21 per 1000 men years respectively.57 The Australian troops experienced malaria 

attack rates as high as 66 per 1000 men years between 1965 and 1971.58 

The next information concerns the Gulf war in 1990-1991. This conflict contained 

considerable challenges for preventive medicine because of the many environmental 

and infectious threats.59 '60 During the campaign itself, the overall morbidity among 

US troops remained low: the major causes were generally mild cases of acute 

diarrhoea and upper respiratory infections. According to US sources the factors that 

contributed most to these good results were: the presence of a comprehensive 

infrastructure of medical care, extensive preventive medicine efforts, and several 

fortuitous circumstances.61 Concerning acute diarrhoea as a major cause for disease, 
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one study showed that after two months in Saudi Arabia, 57% of 2022 surveyed 

troops had experienced at least one episode of diarrhoea and 20% reported they had 

been temporarily unable to carry out their duties because of diarrhoeal symptoms.62 

An interesting trend that seemed to have started after the Gulf War were the reports 

concerning the health risks on infectious diseases among military personnel after 

return to the United States.63 

During the consequent United Nations operation "Provide Comfort" in 1991 in 

Nor thern Iraq, the diarrhoeal attack rates among British and Australian troops were 

69% and 3 6 % respectively.64 Dutch Marines operating in the same operation 

experienced severe diarrhoea problems probably because of lacking hygienic 

discipline.65 However it provided valuable lessons for the coming Cambodia 

deployment. 

Following a chronological order, the Cambodia deployment in 1992-93 (the subject 

of this thesis) should be discussed next. Among the 2283 Dutch Marines and Navy 

personnel we registered at general practitioner's level, 4036 consultations for 3562 

diagnoses, divided into 392 different diagnostic codes (ICD-9). The overall 

morbidity incidence was 34 per 1000 men years, the average percentage of lost 

working days was 0.91 and never caused any military operational concerns. Most 

consultations were related to tropical diseases (24-8%), musculoskeletal disorders 

(23.9%), and dermatological problems (22.7%). The major tropical related diseases 

were traveller's diarrhoea (51 cases per 1000 person years), amoebic dysentery (10 

cases per 1000 person years), and malaria (6 cases per 1000 person years).66 

Concerning the malaria incidence it should be noted that by far most cases came 

from one location (Sok San). Furthermore during deployment there were 31 

Plasmodium falciparum infections; after return to The Netherlands another 33 cases 

(11 falciparum and 22 vivax malaria) were diagnosed. These findings stressed the 

need for adequate medical care after the deployment.67 Finally, most of the total 

3468 lost working days were caused by traveller's diarrhoea (12%), ankle 

injuries.(ll%), and "prickly heat" (5%).66 

After the start of the Cambodia deployment several other peace support missions 

occurred. During Operat ion "Restore Hope" in Somalia (1992-93) diarrhoea turned 

out to be a small problem. During the first eight weeks of the deployment, out of 

20,859 deployed US troops, only 0 .8% sought medical care for diarrhoeal disease 
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whereas about 3 % of the troops reported to have had diarrhoeal disease.68 

Additionally much attention had been paid to the prevention of malaria. During the 

first few weeks the incidence of malaria was substantial, reaching 7 cases per 10,000 

troops per week during the 5e'1 week of the deployment.69 But the post-deployment 

phase showed a similar picture as the Cambodia experience. As of December 1993 

(6 months after the completion of the mission), there had been 112 cases of 

imported malaria from Somalia among the 13,500 deployed US Marines. 

Plasmodium vivax accounted for 97 (87%) cases, Plasmodium falciparum for 8 cases 

(7%) and there were 7 mixed infections (6%).7 0 The US Army had similar 

experiences.71 However this was not a new experience, because after the Vietnam 

War the same lessons had been learned.72 Furthermore there were reports on 

dengue cases among the US troops in Somalia, this being a more difficult infection 

to prevent.73 

Dengue outbreaks were also reported during the peace support operation in Haiti 

(1994).74 Like Somalia it never became a serious problem in terms of numbers or 

lost men days. Despite considerable risks and warnings on hanta-viruses and tick 

borne encephalitis75 there have not been any influential infectious outbreaks among 

the Western troops in the former Yugoslavia. Finally I would like to finish this 

overview with a Dutch example after a humanitarian relief operation in Goma, 

Zaire. There was a major outbreak of diarrhoea among the military personnel 

following the farewell party in a local hotel. It clearly demonstrated that preventive 

medicine should claim its role until the very last moment of any deployment.76 

CONCLUSION 

What lessons can be identified from this historical overview? It should have given 

an impression about the major impact of infectious diseases on the health of 

military personnel and the frustrating impotence for medical personnel over many 

centuries. For centuries by far the most mortality and morbidity at sea and on land 

were caused by disease and not by battle injuries. From the 19 th century onwards 

improvements in prevention, diagnosis and treatment of diseases occurred. They 

started with the implementation of the basic public health rules on hygiene and 

sanitation, followed by the great discoveries in microbiology and consequent 

39 



CHAPTER 2 

improvements in prevention (e.g. immunisations), diagnosis and treatment. 

Gradually the pattern changed: the dominant impact from disease on morbidity 

remained but for example during W W I and II, most mortality was caused by battle 

related injuries. 

Despite considerable risks such as multi-resistant malaria and other (re)-emerging 

infections, the recent peace support operations have demonstrated that morbidity 

and mortality caused by infectious diseases have been further minimised. This major 

achievement is based on the combination of improved medical knowledge and the 

continuous application of the "old and well established" hygienic rules of public 

health. This combination provides commanding officers with a low non-operability 

from infectious disease, the individual soldier with much reduced health risks, and 

the employer with an important contribution to opt imum medical care under 

operational circumstances. For those who still find it difficult to judge these major 

achievements by its true merits, I would like to finish with two statements. The first 

one was made by John Pearn who accurately formulated that "preventive medicine 

is one of the most powerful weapons in the commander's arsenal".77 Finally a 

statement made by Geoffrey Rose in his excellent book "The Strategy of Preventive 

Medicine". He made the pungent remark: "grateful patients are few in preventive 

medicine, where success is marked by a non-event".78 
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MORBIDITY SURVEILLANCE AMONG DUTCH TROOPS 

ABSTRACT 

Military personnel have been exposed to several health risks during an increasing 

number of peace support operations over the last years. This prospective descriptive 

study presents the morbidity among 2,283 Dutch marines in Northwest Cambodia 

from 1992-1993. We recorded 4,036 consultations from 1,356 persons (59.4%) 

leading to 3,562 diagnoses and 392 different ICD-9 codes. Most diagnoses occurred 

in tropical disorders (24.8%), musculoskeletal disorders and injuries (23.9%), and 

dermatological disorders (22.7%). Risk factors for morbidity were being in Battalion 

1 and in lower military ranks. There were 3,468 lost working days (0.91%), 

predominantly caused by musculoskeletal disorders and injuries (35.1%), tropical 

disorders (29.7%), and dermatological disorders (18.1%). Risk factors for lost 

working days were being in battalion 1, of younger age, and in lower ranks. Most lost 

working days occurred during the second month of each deployment. Despite many 

consultations the overall morbidity and consequent lost working days remained low. 

INTRODUCTION 

Humanitarian aid and peace support operations have been playing an increasing 

role in the military services over the last few years and this trend seems to be 

continuing. Troops from various countries have been serving in areas such as 

Bosnia, Cambodia, Somalia, Haiti, Zaire and Rwanda (Gunby 1996, Skolnick 1995, 

Ramsey et al. 1995, Toole 1993). During these operations troops have been exposed 

to health risks ranging from infectious diseases to injuries and psychological 

disorders (Shanks & Karwacki 1991, Heppner et al. 1993, Andersson et al. 1995, 

Hall 1996). Morbidity data are needed for deployment evaluation and planning of 

medical support. In this prospective descriptive study we report on the morbidity 

surveillance among Dutch troops during a peace support operation in Cambodia. 

The study objectives were to identify causes and incidences of morbidity and lost 

working days. Furthermore we identified risk factors for morbidity and lost working 

days. 
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STUDY POPULATION AND METHODS 

Study Population 

The study population comprised 2,283 Dutch marines and naval personnel (all 

males), 760, 749 and 774 per successive battalion. The mean age was 28.1 (SD 7.4 

years: range 17-52). They spent 1048 person years (382,378 person days) in 

Northwest Cambodia during a United Nations peace support operation from June 

1992 to November 1993. Each battalion stayed for about 6 months (battalion 1: 

June-December 1992, battalion 2: December 1992-June 1993, battalion 3: June-

October 1993). The mean individual stay was 5.1 months (SD 1.1 month: range 0.5-

9.4 months). O n departure all personnel were fit for duty. An institutional review 

board (Dutch Military Medical Committee) approved the study. 

Preventive measures 

Before departure to Cambodia all personnel received 4 hours of health and hygiene 

education from the medical service and written information on health risks in the 

tropics. Instructions were provided on field hygiene such as use of bed nets and the 

construction of latrines and field showers. Much attention was paid to the 

prevention of sexually transmitted diseases because of the high prevalence in 

Southeast Asia. Condoms were brought from The Netherlands and freely 

distributed. Immunisations included diphtheria, tetanus, poliomyelitis, and typhoid 

(boosted when necessary), hepatitis A and B, rabies, meningitis A+C, and Japanese 

encephalitis. During the deployment food and bottled potable water were acquired 

from Thailand. A policy of no alcohol was maintained while in Cambodia. The 

importance of hygiene discipline was continuously stressed. Supervised personal 

protective anti-mosquito measures included the use of long sleeves and trousers 

between sunset and dawn, insect repellent (diethyl-methyl-toluamide 50%), and 

permethrine impregnated bed nets. Mefloquine (250 mg weekly) was used for 

malaria prophylaxis. 

Living conditions 

During transit to and from Cambodia troops were accommodated in a hotel in 

Pattaya, Thailand. Operational periods were spent in military camps in Northwest 
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Cambodia. One location was situated amidst dense forest; other sites were on the 

fringes of forests and in rice-growing areas near villages and small towns. Battalion 

1 started in tents with basic shower and pit latrine facilities; by the end of the tour 

this was replaced by basic timber buildings, including permanent showers and 

latrines. The facilities improved during the stays of battalions 2 and 3. Small 

outposts were manned continuously, where (changing) groups stayed in tents. All 

had a 2-week midterm rest and recuperation leave which was spent either in The 

Netherlands or in hotels in Thailand, Malaysia, or Singapore. 

Medical support 

In Cambodia the medical support included company aid posts and a small field 

hospital with X-ray and surgical capability. Medical personnel received additional 

training in tropical medicine. O n site the diagnosis was made clinically with limited 

laboratory facilities available. There was no possibility of culturing or serological 

testing on site; in a few cases specimens were sent to The Netherlands. Therapy was 

given according to written standardised treatment guidelines. 

Surveillance 

During deployment consultations, diagnoses, treatments, and lost working days 

were entered into a specifically designed database (Otello®), based on the disease 

and injury registration system of the Royal Netherlands Navy. Medical personnel on 

site used portable computers with standardised surveillance software. Computer 

failures under field conditions were anticipated. Hard copies were routinely made; 

these were entered in the database afterwards. Data collection per person or 

battalion stopped after departure from Cambodia. The results of this study thus 

contain no follow up information after repatriation. Diagnoses were categorised 

into diagnostic groups (table 1) in accordance with the International Classification 

of Diseases (World Health Organization 1978). Lost working days included all 

medical reasons for non-availability ranging from any restriction for full active duty 

to hospitalisation. 
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Statistical analysis 

The incidence of diagnoses was expressed per 100 person-years. For statistical testing 

and multivariate analysis Poisson regression was used. P-values < 0.05 were 

considered significant. Lost working days were expressed as a percentage of total 

observation days. 

RESULTS 

Morbidity 

The medical services were consulted by 1356 personnel (59.4%). A total of 4036 

consultations were recorded for 3562 diagnoses, resulting in 1.14 consultations per 

diagnosis (range 1-13). The registered 392 different ICD-codes were mainly related 

to three diagnostic groups: tropical related disorders (24.8%), musculoskeletal 

disorders and injuries (23.9%), and dermatological disorders (22.7%). This was 

followed by oto-laryngological and respiratory disorders (11.5%) and symptoms 

(5.7%) (table 1). The most frequent diagnoses in tropical related disorders (n=855) 

were traveller's diarrhoea (n=542: 63.4%) and amoebic dysentery (n=105: 12.3%). 

Musculoskeletal disorders and injuries (n=850) were more widely distributed, led by 

ankle injuries (n=84: 9.9%) and hand injuries (n=61: 7.2%). Nine injuries, all 

serious, were related to combat situations. The predominant diagnoses in the 

dermatological disorders (n=808) were fungal infections (n=238: 29.5%) and 

"prickly heat" (n=152: 18.8%). Two deaths were recorded: one accident and one 

intoxication. Thirty medical repatriations to the Netherlands, including the nine 

combat casualties, were recorded. 

Risk factors for total morbidity and the four main diagnostic groups were assessed. 

Being in battalion 1, of younger age, or being in lower ranks were univariate risk 

factors for higher total morbidity and most diagnostic groups (table 2). No 

significant differences between age groups were found for musculoskeletal disorders 

and injuries, and oto-laryngological and respiratory disorders; the same applied to 

the latter diagnostic group for ranks. After multivariate analysis, being in battalion 

1 and in lower ranks were identified as independent risk factors for total morbidity. 
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Being in battalion 1 proved to be the most important risk factor (RR:6.9, 

95%CI:6.5-7.4, P <-001). 

Finally, the frequency of the diagnoses was assessed as a function of time to 

determine workload peaks for the medical support. The highest frequency was 

found in battalion 1, followed by battalions 2 and 3 respectively. Within each 

battalion an identical pattern was found: most diagnoses occurred during the 

second month of each deployment (fig 1). Consultations followed an identical time-

related pattern. 

Lost working days 

The number of lost working days remained low (3,468 days: 0.91%); they were 

experienced by 660 persons (28.9% of the study population) and never threatened 

the continuation of the deployment. The percentages of lost working days per 

battalion were 1.52 in battalion 1, 0.55 in battalion 2, and 0.56 in battalion 3, 

respectively (table 3). Most lost working days were caused by musculoskeletal 

disorders and injuries (1,216 days: 35.1%), followed by tropical related disorders 

(1030 days: 29.7%) and dermatological disorders (628 days: 18.1%). Per ICD code 

most lost man working days were caused by traveller's diarrhoea (417 days: 12.0%), 

ankle injuries (372 days: 10.7%), and "prickly heat" (183 days: 5.3%). The highest 

mean number of lost working days was caused by (non-tropical) gastro-intestinal 

disorders (11.6 days) mainly caused by 2 inguinal hernia operations each responsible 

for 40 lost working days (table 1). Next were dermatological disorders (7.1 days) and 

musculoskeletal disorders and injuries (6.9 days). As for morbidity, being in 

battalion 1, of younger age, and in lower ranks, were associated with an increasing 

number of lost working days (table 3). Being in battalion 1 proved to be the 

predominant risk factor. Most lost working days occurred during the second month 

of the deployment. Battalions 1 and 2 showed a second but smaller peak during the 

4 t h month (fig 1). 

DISCUSSION 

The main findings in this study were the considerable number of consultations 

resulting in low overall morbidity and lost working days. We compared the 
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morbidity in Cambodia with data from a rank and age comparable marine 

population in the Netherlands during the time of the deployment (data not shown). 

Despite more consultat ions in Cambodia , the troops in the Netherlands 

experienced a considerably higher lost working days percentage: 2.15% compared to 

0 .91% in Cambodia. Different operational circumstances could be an explanation, 

but it showed that the deployment in Cambodia did not result in unacceptable 

morbidity or lost working days. However some limitations such as lack of data 

(except for malaria) after return to the Netherlands and collection bias for lost 

working days after medical repatriation existed. Nevertheless it remained possible to 

identify causes and risk factors for morbidity and lost working days. 

The tropical related disorders played an important role in morbidity. Traveller's 

diarrhoea became the most frequent diagnosis with 20% of the troops consulting 

the medical services. The importance of diarrhoea as a morbidity factor during 

military operations in the tropics has been mentioned in other studies (Pearn 1992, 

Hyams et al. 1991, Rudland et al. 1996, Sharp et al. 1992). It underlines the 

importance of adequate infrastructure such as kitchens and latrines and stresses the 

need for hygiene rules such as hand washing, sewage control, and the availability of 

safe water and food. 

The most serious risk was Plasmodium falciparum malaria, because of reported multi

drug resistance in the area of operations (Looareesuwan et al. 1992). The 

surveillance system proved to be essential not only to monitor the incidence but also 

to assess treatment efficacy, resulting in several therapy adjustments. Thirty-one 

cases of P. falciparum malaria were diagnosed during deployment. Another 11 

P. falciparum and 22 P. vivax infections occurred after return to the Netherlands 

(Hopperus Buma et al. 1996). Malaria as an important health risk during and after 

deployment, has also been reported among US troops in Somalia (Wallace 1996). 

Dengue was another concern because of reported outbreaks among the local 

population in Cambodia. It proved to be a risk for US military personnel during 

missions in Somalia and Haiti (Sharp et al. 1995, Centers for Disease Control and 

Prevention 1994). Furthermore, some Dutch troops had previously been exposed to 

dengue during Caribbean service, which may increase the risk of haemorrhagic 

complications during a second infection with another type of dengue virus (Bell 

1995). 
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Despite several outbreaks among the local population only 7 (uncomplicated) cases 

of suspected dengue occurred. Unfortunately serological confirmation was not 

possible. 

The main non-infectious diagnostic group was musculoskeletal disorders and 

injuries. Daily work and recreational physical training caused most minor injuries. 

Traffic accidents contributed little to the injury incidence, suggesting that the policy 

of no alcohol may have paid off. Traffic accidents have been identified as a major 

cause of morbidity and mortality among UN-troops and Peace Corps volunteers 

(Steffen et al. 1992, Hargarten & Baker 1985). Despite the existing risk, the number 

of combat injuries remained low. The combat injury versus disease and non-combat 

injury ratio was 1:396. However this is a retrospective observation with limited 

planning value. 

The study identified risk factors for morbidity and lost working days. The higher 

morbidity in battalion 1 may be due to the different operational circumstances. This 

battalion arrived first in Cambodia and started with poor accommodations; these 

improved over time and battalions 2 and 3 took advantage of the previous 

preventive and morbidity experiences. For example, 49% of battalion 1 experienced 

traveller's diarrhoea, while this was only 12% and 7% in battalions 2 and 3 

respectively. Dermatological diagnoses such as "prickly heat" and fungal infections 

also declined over time. The other risk factors for morbidity and lost working days 

as identified in younger age groups and lower ranks may be explained by different 

working conditions. The younger and junior ranks were mostly involved in field 

duties, while older and senior personnel were more involved in staff and support 

duties. Differences in experience could be another reason, but we have no 

explanation for the large difference in lost working days between the ranks for 

dermatological disorders (table 3). 

In conclusion, despite a considerable number of consultations, morbidity and lost 

working days remained low and never put the continuity of the operation at risk. 

Morbidity surveillance proved to be a valuable tool for evaluation and planning of 

peace support operations. 
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Three Dutch marine battalions (n = 2289) serving in Western Cambodia during 1992-1993 used 
mefloquine as weekly malaria chemoprophylaxis. One battalion started with a loading dose. Full 
compliance with prophylaxis was reported by 86.3%, and possible mefloquine-related adverse events 
were reported by 30.2%. Sixty-four periods of malaria were diagnosed in 59 marines. During deploy
ment, 31 Plasmodium falciparum and no Plasmodium vivax infections occurred. After return, there 
were 11 cases of falciparum malaria and 22 of vivax malaria, 16-72 days and 30-540 days, 
respectively, after stopping prophylaxis. Mefioquine-resistant parasites were isolated from 4 Dutch 
and 4 Khmer patients. Long-term mefloquine prophylaxis was well tolerated but not totally effective. 

Dutch marines served as part of the United Nations Transi

tional Authority in Cambodia. Because of reports of multidrug-

resistant falciparum malaria on the Thai-Cambodian border [I], 

special emphasis was given to malaria prevention and treat

ment. The options for prophylactic drugs were weekly meflo

quine or daily doxycycline [2]. We chose mefloquine because 

we expected better compliance and fewer side effects. During 

deployment, information on a mefloquine loading-dose regi

men became available [3], which was introduced in the last 

battalion. We report our experience with long-term mefloquine 

prophylaxis regarding compliance, adverse events, and effec

tiveness. 

Materials and Methods 

Study population. Three Dutch marine battalions served in 
Western Cambodia from June 1992 to November 1993, each suc-
cessivelv for ~~6 months. All were instructed regarding health 
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risks and use of personal protection measures such as protective 
clothing, insect repellent (diethyltoluamide 50%), and per-
methrine-impregnated bed nets. After repatriation, the marines had 
medical examinations. 

Location. All campsites were located in Western Cambodia: 
one in dense forest (Sok San), with a high level of malaria transmis
sion, and others on the fringes of forests and in rice-growing areas, 
with low malaria transmission. 

Medical support. On-site medical care included company aid 
posts and a field hospital. All consultations, diagnoses, and treatments 
were entered into a data base. Medical personnel received training 
in tropical diseases, including microscopic diagnosis of malaria (thick 
and thin Giemsa-stained blood smears). During the deployment of 
battalion 1, blood from Dutch and Khmer patients in Sok San was 
sent to the Armed Forces Research Institute of Medical Sciences 
(AFRIMS) in Bangkok for isolation of parasites and in vitro meflo
quine sensitivity testing [4]. At the medical screening of battalion 1 
a few days after repatriation, thick blood smears were obtained and 
sent to AFRIMS for examination. After return, malaria was diagnosed 
by examination of thick and thin blood smears in sick bays and at 
the Academic Medical Center. Amsterdam. 

Chemoprophylaxis. All marines used weekly mefloquine (250 
mg). Battalions 1 and 2 started chemoprophylaxis 2 weeks before 
departure, and battalion 3 took 1 tablet daily for 3 days (loading 
dose) starting 1 week before departure. All were instructed to 
continue mefloquine untii 4 weeks after repatriation. No postexpo
sure primaquine was given as "terminal prophylaxis." 

Mefloquine serum levels. Upon repatriation, blood was col
lected and stored as serum at —20°C. Concentrations of mefloquine 
and its carboxyl acid metabolite were determined by high-perfor
mance liquid chromatography [5] at the Centers for Disease Con
trol and Prevention Sera of 57 mannes who served in Sok San in 
battalion 1 were tested: There were 2? falciparum malaria cases 
and 34 uninfected marines. Samples were collected 1 day before 
the next scheduled mefloquine dose. 

Prophylaxis failure Prophylaxis failure (probably due to re
duced sensitivin to mefloquine) was defined as P falciparum 
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parasitemia in a patient with a mefloquine concentration >600 ng/ 
ITIL and a metabolite-to-mefloquinc ratio S*2, suggesting compli
ance (unpublished observation). Levels >600 ng'mL showed 95% 
prophylactic effectiveness in a study in Africa [6], but a level of 
<600 ng'mL may not necessarily point to poor compliance [3]. 

Postdeployment questionnaire. At the medical screening, par
ticipants were asked to complete an anonymous questionnaire with 
a section on compliance and adverse events related to mefloquine 
use. Compliance after return was checked by questionnaire in a 
sample of battalions 2 and 3, ~-3 months after repatriation. 

Statistical analysis- Univariate analysis was applied using the 
X2 test, x' trend test, and Fisher's exact test. Multivariate logistic 
regression was used to determine independent risk factors and to 
adjust for possible confounding. P ^ .05 was considered signifi
cant, and all significance tests were two-sided 

Results 

Population. The study population consisted of 2289 per

sons (2283 men): 760, 752, and 777 for battalions 1, 2, and 3, 

respectively. They spent 11,848 person-months in Cambodia 

and — 1600 person-months in Sok San. The mean age was 28.1 

years (SD, 7.4; range. 17-52). The mean length of stay was 

5.1 months (SD, 1.1; range, 0.5-9.4). Two thousand fifteen 

(88.0%) completed the questionnaire; response rates per battal

ion were 718 (94.5%), 543 (72.2%), and 754 (97.0%), respec

tively. A company in battalion 2 (n = 130) could not receive 

the questionnaire. 

Compliance. According to the questionnaire, 86.3% of par

ticipants fully complied with weekly mefloquine, 8.5% skipped 

once or twice during deployment, and 5.2% skipped three or 

more times. Reasons for noncompliance were as follows: forgot 

(19.8%), considered unnecessary (21.4%) or harmful (28.6%), 

adverse events (24.6%), and other (5.6%). 

In a sample {n = 243) of battalion 2, 71.6% stated they had 

continued chemoprophylaxis for 4 weeks; 82.8% of 642 per

sons in battalion 3 reported full compliance. In sera of the 57 

marines from Sok San, the mean mefloquine (trough) level was 

691 ng/mL (range, 165-1686), and the mean metabolite level 

3048 ng/mL (range, 1302-5298). 

Adverse events. Possible mefioquine-related adverse 

events were spontaneously reported by 609 persons (30.2%) 

having 820 complaints (range, 1 -4/person; table 1 ). Headache, 

concentration disorders, irritability, dizziness, and visual com

plaints were significant!)' more reported in older groups, but 

younger groups experienced more weakness and diarrhea. In 

battalion 3 (loading dose), headache, dizziness, weakness, in

somnia, and nausea were less frequently reported. For multivar

iate analysis predicting adverse events, we dichotomized battal

ions 1 and 2 to "nonloading dose" and battalion 3 to "loading 

dose ." Age category was modeled as a continuous variable. 

Univariate risk factors also appeared to be independent risk 

factors 

Of the 2289 persons, 7 (0.3%) consulted the medical se= \ ice 

because of serious problems attributed to chemoprophylaxis: 

seizures (2), myoclonus ( 1 ), skin rash (2), and severe dizziness 

(2). No psychiatric disorders were attributed to mefloquine. 

One patient with a seizure had a history of epilepsy. He had 

been declared cured, had been free of epileptic events for years, 

and was not receiving medication. He had a generalized sei

zure-like event 11 weeks after the start of prophylaxis. He 

changed to do.xycycline but continued to have seizure-like 

events. The other patient had no personal history of epilepsy, 

but it was in his family history. He experienced a generalized 

seizure 6 weeks after the start of prophylaxis. After his medica

tion was changed to doxycycline, no further events occurred. 

The person who experienced serious myoclonus when falling 

asleep and the 2 with skin rashes (both after 2 weeks of meflo

quine) were free of complaints after their medications were 

changed to doxycycline. Both persons with dizziness were in 

the loading-dose group; 1 developed symptoms after the first 

dose, the other after 10 weeks. One stopped chemoprophylaxis, 

and the other changed to mefloquine every 2 weeks. Symptoms 

disappeared in both. 

Malaria. A total of 64 cases of malaria (42 P. falciparum, 

22 P. vivax) was diagnosed in 59 (2.6%) marines. The attack 

rate was highest in battalion 1 (4.9%, 37/760) compared with 

2.7% (20/752) and 0.9% (7/777) in battalions 2 and 3 (* : = 

22.33, df= 2, P < .0001), respectively. Thirty-one falciparum 

infections (73.8%) occurred in Cambodia, 11 (26.2%) after 

repatriation. All vivax infections manifested after return, sug

gesting high compliance with chemoprophylaxis while in Cam

bodia. Of 260 persons assigned to Sok San, 43 had malaria 

(16.6%), 6.4/1000 person-weeks) compared with 21 of 2029 

stationed elsewhere (1.0%, 0.5/1000 person-weeks). The rela

tive risk of acquiring malaria in Sok San compared with the 

other areas was 19 (95% CI, 10.72-33.71; P < .0000001). 

The effect of the loading dose could not be studied because 

of different times and circumstances for the three battalions. 

However, in the first 2 months during the same season at Sok 

San, the malaria incidence in battalions 1 and 3 was 2.3/1000 

person-weeks and 4.6/1000 person-weeks, respectively. This 

might suggest no increased effectiveness of the loading dose. 

Falciparum malaria parasites were isolated from 4 Dutch 

and 7 Khmer patients from Sok San. In vitro susceptibility 

testing showed that isolates from all Dutch and 4 Khmer pa

tients were mefloquine-resistant. 

All but 1 of the malaria patients in Cambodia claimed full 

compliance with chemoprophylaxis. Two (6.3%) of the 32 who 

had malaria after their return admitted noncompliance. Those 

who developed falciparum malaria after discontinuing meflo

quine did so between 16 and 72 days (median, 22), when 

mefloquine levels were no longer effective. For the P. vivax 

cases, this interval was 30-540 days (median. 52). The patient 

who developed falciparum malaria 72 days after stopping pro

phylaxis had received chloroquine treatment because of vivax 

malaria 37 days after stopping mefloquine. 

Of 710 blood smears from battalion I made at the medical 

screening after repatriation. 4 were positive for P. falciparum 
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Tabic 1. Percentage of adverse events attributed to mefloquine as reported spontaneously by 2015 marines during long-term mefloquine 
prophylaxis (250 mg/week). 

Of total 

Battalion \^£ group b> years 

Of total 1 2 <20 20-29 30-39 540 

Adverse events population ((! = 7 IS) (n = 543) (n = 754) P' 1» = 108) (» = 1204) (. i = 513) (n = 187) f 

Headache S9 13.0 10.8 4 0 <.0001 3.7 8.4 1 1 1 9.6 <.05 

Concentration disorders 7.S 6 8 9 8 7 3 4.6 64 10.9 102 <O0l 

Imtabilitv 0 4 07 0.2 04 0 0.2 0.6 1 6 <.00l 

Dizziness 5 6 7,2 6.6 3.2 < 0001 2.S 4.7 7.2 8.0 <.00l 

Weakness 6.0 6.1 9.8 32 <.0001 3 7 7.5 4.7 1.6 <001 

insomnia 1.0 1.0 2.0 0.3 <.001 0 1.3 0.6. 0 5 

Dreams 0.2 04 02 0 1 0 0.3 0 2 0 

Visual complaints 2.8 26 33 2 7 0 1.8 3.5 9 1 <.000l 

Nausea 4.2 6 1 4.1 2 4 < 0 0 1 5.6 3.5 5.5 4 3 

Abdominal cramps 1.8 2.8 11 1 5 3.7 1.4 2.9 0.5 

Diarrhea 1.4 1 8 0 6 1 6 1 9 1.9 02 1.1 < 0 5 

NOTE. Due to 3 missing values, sum of age categories is smaller than total. 
* Per battalion, \' test; per age group. \2 IeäI f°r lren(] («hen expected cell sizes <5. Fisher's exact test). 

Three cases were confirmed in the Netherlands, but I person 
repeatedly had negative blood smears. Two of the 3 patients 
were asymptomatic, and 1 had clinical symptoms. Another 
marine was symptomatic at screening and was diagnosed with 
falciparum malaria while stil! using prophylactic mefloquine. 
Mefloquine concentrations in 3 of these 4 cases exceeded 600 
ng-mL (range, 643-923); in the 4th it was 525 ng.'mL. All 
metabolite-to-mefloquine ratios were >2 (range, 2.39-5.29). 

Discussion 

Long-term mefloquine chemoprophylaxis was well tolerated 
in this population but was not completely effective in this 
geographic area of multidrug resistance. Our results confirm 
findings of others [3, 6] that a loading dose and long-term 
prophylaxis with mefloquine were well tolerated. Fewer side 
effects were reported under our loading-dose regimen (table 1 ). 
but we had no control group, and only cumulative experience of 
previous battalions was available for comparison. 

The frequency of mefloquine-related adverse events requir
ing medical attention was lower (0.3%) than that in a study by 
Lobel et al. [6], in which 0.9% discontinued mefloquine be
cause of adverse events. It is unlikely that we missed serious 
events, because our medical service was the only one on-site. 
During mefloquine prophylaxis, 1 in -13,000 persons may 
experience serious neuropsychiatrie adverse events [7]. Our 
patients with seizures should not have received mefloquine 
because of their medical histories. In the absence of a control 
group, it is impossible to determine whether the adverse events 
reported in this study were causally related to mefloquine. 
Comparing the incidences of mefloquine-related adverse e\ cuts 
among studies is difficult because of different designs and pop
ulations, geographic and climatologie conditions, or unknown 
compliance. 

The other important finding of this study was the incomplete 
effectiveness of mefloquine prophylaxis in this part of Cambo
dia. The malaria incidence among our troops was considerable 
but differed greatly from one location to another. Resistance 
of P. falciparum to mefloquine on the Thai-Cambodian border 
was known [8, 9] but seemed to be locally distributed. We did 
not know either the campsite locations in advance or the ex
pected malaria exposure. We assume because of the results of 
the in vitro sensitivity testing and the confirmed prophylaxis 
failures that resistance to mefloquine played a key role in the 
reduced effectiveness. Moreover, the drug levels measured, 
questionnaire results, medical histories, and the fact that no P. 
vivax infections occurred in Cambodia are all consistent with 
good compliance. 

Whether doxycycline would have been a better option re
mains a matter of speculation. Noncompliance is a key issue 
in the effectiveness of any chemoprophylactic regimen. We 
expected lower compliance with a daily regimen. An Australian 
Study showed high compliance with doxycycline when taken 
under close supervision [10]. but US troops complied much 
better with weekly mefloquine than with daily doxycycline 
[11,12]. 

Routine thick blood smear screening upon repatriation was not 
useful: Only 4 persons were positive, and 6 persons with a nega
tive blood smear later developed falciparum malaria. Whether the 
vivax malaria after return (« = 22) could have been prevented 
by postexposure administration of primaquine is debatable. We 
expected poor compliance and presumed that many persons had 
to be treated to prevent a few malaria cases. In retrospect, -100 
persons would have been treated with primaquine to prevent 1 
case of vivax malaria Poor compliance after return was the main 
explanation for malaria cases among US troops who served in 
Somalia [13. 14] Medical alertness and awareness of the exposed 
persons seem to be the best answer 
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In conclusion, we consider mefloquine to be a safe and useful 

drug for malaria chemoprophylaxis. However, adverse events 

occurred and effectiveness was incomplete. Thus, continued 

monitoring of malaria and adverse events among persons who 

use mefloquine for prophylaxis remains essential. 
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Abstract. From June until October 1993, a battalion of Dutch marines was stationed in Cambodia for a Uniied 
Nations deployment. In 73 volunteers who used mefloquine as malaria chemoprophylaxis, possible mefloquine-related 
ad\erse events were monitored with special emphasis on QT prolongation. All participants started mefloquine che
moprophylaxis with a loading dose (250 mg a day for three days) one week before departure, followed by a weekly 
dose (250 mg) for approximately 25 weeks. One month before (t - 1) and one (t + 1) and three (t + 3) months 
after mefloquine prophylaxis was started, an at rest electrocardiogram was made. Frequency. PR-, and QT-intervals 
were measured; blood samples for liver transaminases, total white blood cell count, and mefloquine concentration 
were obtained after one and three months. Adverse events such as dizziness, headache, coordination problems, and 
nausea were spontaneously reported in one (1.4*) and three (4.1%) persons at t 4- 1 and t + 3. respectively, while 
specific questioning revealed adverse events in nine (12.3%) and five (6.9%) persons, respectively, at the same time 
point. Three months after starting chemoprophylaxis, the heart rate at rest and total white blood cell count were lower 
(P < 0.05), while the QTc-interval was longer and levels of liver transaminases increased (P < 0.05). although both 
were still within the normal range. There was no extreme prolongation of the QTc-interval or increased levels of 
liver transaminases that resulted in a need to stop the chemoprophylaxis. No accumulation of mefloquine in the serum 
occurred, and no relationship was observed between the incidence of adverse events and serum mefloquine concen
trations. The incidence of self reported mefloquine-related adverse events was low. In conclusion, mefloquine che
moprophylaxis was safe and well-tolerated in this group. 

Mefloquine is an orally administered blood schizontocide 
active against intra-erythrocytic malaria parasites. The exact 
mechanism of action is unknown. It is effective for prophy
laxis and treatment of falciparum malaria.' In healthy vol
unteers, the peak blood concentrations are achieved within 
6-24 (mean 17.6) hr. The terminal elimination half-life 
ranged from 14 to 28 (mean 18.1) days, indicating that me
floquine is distributed extensively in the tissues and is 
cleared slowly from the body.- Mefloquine at a weekly dose 
of 250 mg prevented Plasmodium falciparum infection in 
98.8-100% of nonimmune recipients.-1-4 Clinical experience 
indicates that mefloquine is generally well-tolerated although 
a number of serious neuropsychiatrie adverse events such as 
seizures, affective disorders, and suicidal ideation have been 
reported.s Most adverse events during chemoprophylaxis are 
similar to those observed with other chemoprophylactic an
timalarials such as chloroquine, doxycycline, or sulfadoxi-
ne/pyrimethamine and occur at the same frequency.6 Gen
erally, adverse events with mefloquine are reported in 4 7 -
90%.T decreasing in one study from 44% during the first four 
months to 19% after more than one year of use.8 Determin
ing the true incidence of adverse events during mefloquine 
treatment is difficult because many such events resemble 
symptoms of malaria. Mefloquine-related changes in cardiac 
parameters have been described.1' '° Laothavorn and others 
found no significant changes in PR-, QRS-, or QTc-intervals 
and concluded that mefloquine was unlikely to be associated 
with cardiotoxicity.'° From many parts of Asia and some of 
Africa, infections with multidrug-resistant P. falciparum 
have been reported." In case of (presumed) failure of me
floquine prophylaxis, halofantrine treatment is often pre
scribed. Cardiotoxicity of halofantrine consisting of a pro
longed QT-interval with increased susceptibility to ventric

ular arrhythmias has been reported.111 r ' and premedication 
(chemoprophylaxis) with mefloquine could increase the risk 
of ventricular arrhythmias. Therefore, we studied possible me
floquine-related effects with emphasis on cardiac parameters. 
The study was performed in a battalion of military personnel 
during their deployment (June-October 1993) in Cambodia. 

SUBJECTS AND METHODS 

Study subjects. Seventy-three men of a battalion of 750 
persons (747 men and three women) participated in the 
study. Fifty-five were marines and 18 were naval personnel. 
They were all fit for duly; there were no absolute contrain
dications, such as hypersensitivity to quinine-related com
pounds, a history of psychiatric disorders, convulsions, or 
epilepsy, or women in the first timester of pregnancy, for 
mefloquine chemoprophylaxis One person used cisapride 
and Cimetidine for reflux esophagitis. another used simvas-
tatine and acetosal for hypercholesterolemia. One had hy
pertension and was taking atenolol (50 mg/day); being a 
physician, he was aware that the drug was a relative contra
indication, since the use of a ß-blocker also results in brady
cardia and could also influence cardiac conduction, resulting 
in a synergistic response with mefloquine. One person was 
known to have an immunoglobulin A deficiency and passed 
medical examination for all duties. These four persons were 
naval personnel. We analyzed marines and naval personnel 
separately because the first group had a more rigorous train
ing than the latter, so a difference in heart rale at rest could 
be expected. Informed written consent was given. 

Dosing methods, travel preparat ions, and medical sur
veillance. One week before departure to Cambodia, all took 
mefloquine. 250 mg once a day for three days, as a loading 
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dose.' They look 250 mg a week each Sunday at lunch or 
dinner and [hey stopped chemoprophylaxis four weeks after 
leaving Cambodia. Further preparations included an exten
sive explanation about malaria (and other diseases) and their 
prevention. They were immunized against diphtheria, teta
nus, poliomyelitis, hepatitis A and B, rabies, and Japanese 
encephalitis. Medical service in the field was well-organized 
with a passive surveillance system. 

Adverse events. Spontaneously reported complaints were 
noted one month before (t - 1) and one (t + I) and three 
U * 3) months after the start of mefloquine chemoprophy
laxis. Thereafter, specific questions were asked about the use 
of other medications and adverse events possibly associated 
with mefloquine (headache, dizziness, ataxia, nausea, diar
rhea, rash, sleeping disorders, visual or auditory distur
bances, psychiatric disorders). Compliance was noted after 
querying the subjects. Diarrhea in the period 1-3 weeks after 
arrival in Cambodia was diagnosed as traveler's diarrhea and 
not as a possible adverse event of mefloquine. 

Elect rocardiogram. One month before (t - 1) and one 
(t + 1) and three (t + 3) months after the start of mefloquine 
prophylaxis, a 12-lead at rest electrocardiogram was record
ed at a paper speed of 25 mm/sec paper and a sensitivity of 
10 mm/mV (EK 31; Heilige, Freiburg. Germany). Heart rate 
and PR- and QT-intervals were measured by the first author 
and the QTc was calculated according to Bazett's formula 
QTc = QT/ VR - R sec. 

Hematologic and biochemical parameters versus me
floquine levels. At t + 1 and t + 3, blood samples for es
timation of white blood cell (WBC) counts, aspartate and 
alanine aminotransferase (ASAT and AL.AT) levels, and se
rum mefloquine concentrations were taken. Three groups of 
low (< 400 mg/ml). normal (400-1,000 mg/ml), and high 
(> 1,000 mg/ml) serum concentrations of mefloquine were 
made. White blood cells (normal value = 3.5-9.0 x 10VL) 
were counted with an abacus (depth 0.1 mm. 0.0025 mm-; 
Buerker Tuerk. Lameris. Germany); transaminases (normal 
values < 32 U/L) were measured with a Refiotron® (Boeh-
ringer-Mannheim. Mannheim, Germany) and mefloquine 
concentrations were determined by high-performance liquid 
chromatography1-1 by the laboratory of Clinical Pharmacol
ogy of the Academic Medical Center in Amsterdam. 

Statistical analysis. Confidence intervals for proportions 
and their differences were calculated,15 P values < 0.05 were 
considered significant, and data are presented as the mean ± 
two standard errors. 

Subjects. There was a significant difference between ma
rines and sailors regarding age (respectively, mean 29 9 
years, range 19-49 and mean 36.6 years, range 25-44) and 
heart rate at rest at t - 1 and t + 3. No significant differences 
were seen in QTc- and PR-intervals or ASAT. ALAT and 
WBC levels. None of the subjects reported sick or was off 
duty during the study and malaria was not diagnosed in the 
participants. 

Adverse events. Complaints reported spontaneously were 
registered in 0, one (1 49c), and three (4.1<7r) persons at l -
1, t T 1. and t + 3, respectively. Those at t + 1 and t + 3 
could have been mefloquine-related. Specific questioning re

vealed complaints in two (2.7%), nine (12.3%), and five 
(6.9%) persons at the respective time points. One person was 
advised by the investigators to reduce the dosage to 250 
mg/two weeks because of dizziness and coordination disor
ders; thereafter, he was free of these complaints. Eight other 
participants reported dizziness, diarrhea, and coordination 
disorders during the 1-3-day period following the loading 
dose. 

Elec t rocardiogram. After three months of mefloquine 
prophylaxis, the mean heart rate at rest had decreased from 
63.7 beats/min to 58.9 and the QTc- and PR-intervals were 
longer, QT with < 5% and PR > 5% (Figure 1). There was 
a tendency for an increase in the QTc-interval with higher 
serum levels of mefloquine: however, this change was not 
statistically significant (Figure 2). , 

Labora to ry investigations. The total WBC count was 
lower and liver transaminase levels had increased after three 
months of mefloquine prophylaxis but all values were within 
the normal range (Figure 3). Serum mefloquine concentra
tions were measured in 59 of 73 participants (Figure 3), but 
14 samples were lost due to military operational circum
stances. After three months, no accumulation of mefloquine 
in the serum had occurred. At t + 1, five (8%) participants 
had mefloquine levels lower than 400 ng/ml (mean ± two 
standard errors ^ 314 r 53), 41 (70%) between 400 and 
1,000 ng/ml (648 ± 46). and 13 (22%) higher than 1,000 
ng/ml (1.444 ± 274). At t + 3, these numbers were eight 
(13%) (317 ± 43), 41 (70%) (647 ± 50). and 10 (17%) 
(1,148 ~ 75), respectively. No significant difference was ob
served in serum mefloquine concentrations measured 0-7 
days after intake of the weekly dose (Figure 4). 

The physician who used atenolol had a heart rate of 65, 
40, and 52 beats/min at t - 1, t + 1. and t + 3. respectively; 
his serum mefloquine concentration was 792 ng/ml at t + 1 
and 643 ng/ml at t + 3. The participant using Cimetidine and 
cisapride had serum mefloquine levels of 333 and 573 ng/ml 
at t + 1 and t + 3, while in the one individual who used 
simvastatine, levels were 708 and 384 ng/ml at t + ] and t 
+ 3, respectively. 

DISCUSSION 

In this study among 73 military personnel, prophylactic 
use of 250 mg of mefloquine per week resulted in very low 
numbers of self-reported adverse events and an insignificant 
prolongation of the QTc-interval. 

Lobel and others reported a 50% incidence of adverse 
events in adults decreasing to approximately 20% after pro
longed use of mefloquine for more than one year.7-1 We 
found adverse effects in only 7 -13%, a difference that could 
be explained by the fact that our study subjects were phys
ically well-trained and motivated for their United Nations 
task in Cambodia. 

Whereas Laothavorn and others did not observe changes 
in the QTc-interval.10 in our study, the QTc-interval was lon
ger after one and three months use of mefloquine, and a level 
of significance was reached after three months. Although the 
prolongation was within the normal QTc-interval range, it 
could have consequences in relation to other factors th.it 
might influence cardiac conduction. A recent study showed 
an increased risk for ventricular arrhythmias during halofan-
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FIGURE 1. Cardiac conduction parameters during weekl> mefloquine chemoprophylaxis (250 mg) in 73 persons. Heart rate, QTc-interval. 
and PR-interval are presented at one month before (t - I), and one (t + I) and three months (i + 3). respectively, after chemoprophylaxis 
was started. Values are the mean z. two standard errors. Difference in heart rates between l - 1 and t + 3: 4.8 beats/min (95% confidence 
interval [CI] = 1.99-7.74. P < Q.05); difference in QTc-intervals between t - 1 and l + 3: 0.017 sec (95% CI = 0.0242-0.00976, P < 0.05), 
difference in PR-intervals between t - 1 and t + 3: 0.008 sec (95% CI = O.0152-OOO183, P < 0.05) 

trine treatment for falciparum malaria after treatment failure 
with mefloquine. , : 

During and after deployment of Dutch military personnel 
in Cambodia (June 1992-November 1993). 42 cases of P. 
falciparum infection were diagnosed in persons who used 
mefloquine chemoprophylaxis. In the patients who received 
high-dose halofantrine as treatment, prolongation of the 

QTc-interval up to 459 msec occurred, but no ventricular 
arrhythmias were registered (van Thiel PPAM, unpublished 
data). Despite the loading dose, we saw no accumulation of 
mefloquine in the serum after one and three months. We 
arbitrarily made three groups of low, normal, and high serum 
mefloquine concentrations and found no relationship be
tween mefloquine concentration and QT-time (Figure 2). 
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FIGURE 2. Scrum mefloquine concentrations (ng/ml) and QTc-ir 
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FIGURE 3. White blood cell (WBC) counts, levels of liver aspartate and alanine aminotransferases (ASAT and ALAT). and serum mefloquine 
concentrations in 73 subjects one and three months after starting mefloquine prophylaxis. Values are the mean ± two standard errors. Difference 
in WBC counts between t + 1 and t + 3: 0.63 X 107L (95% confidence interval [CI] = 0.135-1.21. P < 0.05); difference in ASAT levels 
between I + 1 and t - 3: 7.3 U/L (957c CI = 3.64-1 1.0, P < 0.05); difference in ALAT levels between i + I and t + 3: 4.6 U/L (95% CI 
= 1.47-7.85, P < 0.05). No significant difference was observed between the mefloquine concentrations. See Figure 1 for definitions. 

Similar to other investigators,4-10 we did not see a corre
lation between the incidence of possible adverse events and 
serum mefloquine concentrations. After three months, a 
small but significant increase in liver transaminase levels 
was seen, as was reported by Reisinger and others.4 This 
was probably mefloquine-related since no hepatitis was di
agnosed, alcohol was prohibited, and none of the participants 

reported the use of hepatotoxic medication. In our study, 
white blood cell counts decreased after three months, where
as an increase would have been more likely due to infection 
and stress. We observed no differences between marines and 
naval personnel volunteers except for the pulse rate at rest. 

In conclusion, the use of a weekly dose of 250 mg of 
mefloquine as prophylaxis for malaria over a period of five 
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months (June-October 1993) was shown to be safe and vir
tually devoid of subjective and objective adverse events and 
did not interfere with daily military duties. 

Acknowledgment: We lhank T. Eggelte (Department of Clinical 
Pharmacology, Academic Medical Center, University of Amster
dam) for measuring the mefloquine levels. 

Authors' addresses: C. A. J. J. Jaspers, Department of Internal Med
icine, University Hospital Utrecht, Heidelberglaan 100, 3584 CX 
Utrecht, The Netherlands. A. P. C. C. Hopperus Euma and R. A. 
van Hulst, Royal Netherlands Navy, Medical Service, van der 
Burchlaan, 2597 PC. The Hague, Thé Netherlands. P. P. A. M. van 
Thiel and P. A. Kager. Department of Infectious Diseases, Tropical 
Medicine and AIDS. Academic Medical Center, University of Am
sterdam. Meibergdreef 9, 1 105 AZ. Amsterdam. The Netherlands. 

REFERENCES 

1. Boudreau E, Schuster B, Sanchez J, Novakowski W Johnson R. 
Redmond D, Hanson R. Dausel L, 1993. Tolerability of pro
phylactic Lariam regimens. Trop Med Porasito! 44: 257-265. 

2. Karbwang J, White NJ, 1990. Clinical pharmacokinetics of me
floquine. Clin Phamiacokinet 19: 264-279. 

3. Arthur JD, Echeverria R Shanks GD, Karwacki J, Bodhidatta 
L. Brown JE, 1990. A comparative study of gastrointestinal 
infections in United States soldiers recieving doxycycline or 
mefloquine for malaria prophylaxis. Am J Trop Med Hvg 43: 
608-613. 

4. Reisinger EC. Horstmann RD, Dietrich M, 1989. Tolerance of 
mefloquine alone and in combination with sulfadoxine-pyri-
meihamine in the prophylaxis of malaria. Trans R Soc Trop 
Med Hyg 83: 474-477. 

5. Weinke T, Trautmann M. Held T. 1991. Neuropsychiatrie side 
effects after the use of mefloquine. Arn J Trop Med Hvg 45: 
86-91. 

6. Steffen R, Fuchs E, Schildknecht J. Naef U. Funk M, Schla-
genhauf P. Phillips-Howard P. Nevill C, Sturchler D, 1993. 
Mefloquine compared with other malaria chemoprophylactic 
regimens in tourists visiting East Africa. Lancet 341: 1299-
1303. 

7. Lobel HO, Bernard KW, Williams SL, Hightower AW, Patchen 
LC. Campbell CC, 1991. Effectiveness and tolerance of long-
term malaria prophylaxis with mefloquine. JAMA 265: 361-
364. 

8. Lobel HO, Miani M, Eng T, Bernard KW. Hightower AW. 
Campbell CC, 1993. Long-term malaria prophylaxis with 
weekly mefloquine. Lancet 341: 848-851. 

9. Ekue JMK, Ulrich AM, Rwaowogo-Atenyi J, Sheth UK. 1983. 
A double-blind comparative clinical trial of mefloquine and 
chloroquinc in symptomatic falciparum malaria. Bull World 
Health Organ 61: 713-718. 

10. Laothavorn R Karbwang J, Na Bangchang K. Bunnag D, Har-
isunata T. 1992. Effect of mefloquine on electrocardiographic 
changes in uncomplicated falciparum malaria patients. South
east Asian J Trop Med Public Health 23: 51-54. 

11. Nosten F, ter Kuile FO, Luxemburger C. Woodrow C, Kyle DE, 
Chongsuphajaisiddhi T, White NJ, 1993. Cardiac effects of 
antimalarial treatment with halofantrine. Lancet 341: 1054-
1056. 

12. Jackman WM, Clark M, Friday KJ, Aliot EM, Anderson J. Laz-
zara R, 1984. Ventricular tachyarrhythmias in the long QT 
syndromes. Med Clin North Am 68: 1079-1102. 

13. Palmer KJ, Holliday SM. Brogden RN, 1993. Mefloquine. A 
review of its antimalarial activity, pharmacokinetic, properties 
and therapeutic efficacy. Drugs 45: 430-475. 

14. Bergvist Y. Hellgren U. Churchill F. 1988 High-performance 
liquid chromatographic assay for the simultaneous monitoring 
of mefloquine and its acids and acid-metabolite in biological 
samples using protein precipitations and ion per extraction. J 
Chromatogr 432: 253-263. 

15. Gardner MJ, Altman DG, 1989. Statistics with Confidence. Lon
don: British Medical Journal. 

73 





Chapter 6 

COMPARISON OF WHOLE BLOOD 

AND SERUM LEVELS OF MEFLOQUINE 

AND ITS CARBOXYL ACID METABOLITE 

G. Daniel Todd, Adriaan P.C.C. Hopperus Buma, Michael D. Green, 

Christiaan A.J.J. Jaspers, Hans O. Lobel 

American Journal of Tropical Medicine and Hygiene 1997; 57: 339-402 





COMPARISON OF WHOLE BLOOD AND SERUM LEVELS 

Am J Trap Med / A y . 57(4). I 
Cop> right C 1997 h> The Amor 

99-402 
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Abstract. Because of the widespread presence of chloroquine-resistant Plasmodium falciparum malaria, meflo
quine is now the recommended drug of choice for long-term malaria prophylaxis in these areas. Although several 
studies have compared plasma and whole blood concentrations of either mefloquine or its carboxylic acid metabolite, 
we report the first comparison of serum and whole blood levels in 86 Dutch marines taking 250 mg of mefloquine 
weekly for 18 weeks while deployed in western Cambodia. All samples were taken during steady-state and at 4 2 -
48 hr after the most recent dose. The concentration of mefloquine in serum (mean = 979 ng/ml') was significantly 
greater than in whole blood (mean = 788 ng/ml) (P < 0.00001, by paired Mest) with an overall mean ratio of 1.28. 
The concentration of the metabolite in serum (mean = 3,039 ng/ml) was also significantly greater than in whole 
blood (mean = 1,390 ng/ml) (P < 0.00001, by paired r-test) with an overall mean ratio of 2.25. These findings are 
similar to previous reports of plasma-to-whole blood levels. Furthermore, we report that the within-individual ratios 
of the metabolite concentration to the mefloquine concentration were also found to be significantly different in serum 
(3.79; P < 0.00001, by paired r-test) and in whole blood (2.02; P < 0.00001, by paired r-test). Appropriate attention 
must be given to these differences when comparing serum and whole blood concentrations of either mefloquine or 
its metabolite to avoid misinterpretation of their respective levels. Also, the determination of the relative mefloquine 
ratios in various blood fluids, as well as the documentation of the metabolite levels and their ratios, is critical to the 
appropriate interpretation of both chemoprophylaxis and chemotherapy, especially in the presence of resistant strains. 

The widespread presence of chloroquine-resistant Plasmo
dium falciparum malaria' makes the selection of drugs for ef
fective and safe long-term malaria prophylaxis more difficult 
for travelers and nonimmune individuals.13 Mefloquine is the 
recommended drug of choice for malaria prophylaxis in most 
parts of the world with chloroquine-resistant P. falciparum ma
laria.4 5 The collection of blood samples in the field for the 
determination of antimalarial drug concentrations is often lim
ited by practical problems associated with sample procurement. 
storage, and shipping. Although heparinized whole blood sam
ples are generally preferred, field or operational conditions 
sometimes make that impractical. Occasionally, only serum is 
available for analysis. Most studies of mefloquine concentra
tions have used either whole blood or plasma,6 and to date, few 
investigators have compared mefloquine whole-blood concen
trations directly with mefloquine-plasma concentrations in the 
same sample,7"10 and fewer have included the carboxylic acid 
metabolite concentration" or mentioned the whole blood-to-
plasma concentration ratio of the metabolite." Thus, we de
cided to evaluate the relationship between whole blood and 
serum levels of both mefloquine and its carboxylic acid metab
olite in a group of marines on long-term prophylaxis. Further
more, we wanted to compare our determined serum ratios with 
the published plasma ratios in case there were marked differ
ences, and also to to document the metabolite to mefloquine 
ratios for possible evaluation of chemoprophylaxis compliance 
issues. 

A recent study assessed the efficacy, compliance, and in
cidence of adverse effects during long-term mefloquine che
moprophylaxis of Dutch marines stationed in western Cam
bodia.1-' Paired samples of whole blood and sera were ob
tained from these persons for this report. 

1993 during the United Nations peacekeeping mission. One 
week before departure, personnel of this battalion took one 
250-mg tablet of mefloquine daily for three days as a loading 
dose" and continued with weekly prophylaxis throughout 
deployment and for four weeks after return to The Nether
lands. Mefloquine had been taken for 18 weeks at the time 
of return. All participants gave written informed consent and 
the surveillance and testing was approved by the Dutch Na
val Medical Review Board. 

Drug levels. At medical screening upon repatriation to 
The Netherlands, blood was collected 42 -48 hr after the 
most recent dose of mefloquine was given to 86 marines who 
had been stationed in Sok San. Cambodia. The samples were 
then either stored (whole blood) or allowed to clot, then 
separated and stored (serum) at -20°C until analysis. Con
centrations were determined by high-performance liquid 
chromatography (HPLC)U with all whole blood analyses us
ing whole blood-spiked samples for the standard curve, 
while all serum analyses were done using serum-spiked sam
ples for the standard curve. 

Statistical analysis. Drug concentrations were expressed 
as the mean with both the standard deviation and ranges. 
The ratios of both the serum-to-whole blood concentrations 
and the metabolite-to-parent mefloquine concentrations were 
determined as the mean of all the individuals' ratio values 
with 959c confidence limits. All differences were compared 
using the Student's r-test for paired data. Pearson's correla
tion r coefficients were calculated by standard linear regres
sion. 

SUBJECTS AND METHODS 

Study population. A battalion of 770 Dutch marines 
served in western Cambodia from June 1993 to mid-October 

Se rum- to -uho le blood comparison. Results for the 86 
paired whole blood and serum samples are shown in Tabic 
1. The mean steady-state concentration, defined to be their 

77 



CHAPTER 6 

T O D D A N D O T H E R S 

TABLK I 

Concentrations of mefloquine and ils carboxylic acid metabolite in 
whole blood and scrum of 86 Dutch marines* 

Whole blood Rano 

Mefloquine 

Mefloquine 788 - 279 979 1 3 6 0 1.2S 
(159-1,671) (242-1.918) (0.54-3.61) 

(P < 0.00001) 

Mefloquine acid 1 .390-452 3.039 ±1.199 2.25 
metabolite (328-2.763) (1.044-7.178) (1.14-6.48) 

(P < 0.00001) 

Ratio metabolite/ 2.02 3.79 
mefloquine (0.51-7.69) (0.83-20.71) 

(P < 0.00001) (/> < 0.0000!) 

All P \alues were obtained using a paired i-leü 

individual plateau level after the 18 successive weeks of pro
phylaxis, for mefloquine in whole blood was 788 ng/ml ver
sus 979 ng/ml in serum. The mean of all 86 individual me
floquine serum-to-whole blood ratios was 1.28 and the dif
ference was significant (P < 0.00001). A wide range of me
floquine concentrations was seen for both the whole blood 
and serum (159-1,671 ng/ml and 242-1,918 ng/ml, respec
tively). The mean steady-state concentration for the meflo
quine carboxylic acid metabolite was 1,390 ng/ml in whole 
blood versus 3,039 ng/m! in serum. The mean of all 86 in
dividual metabolite serum-to-whole blood ratios was 2.25 
and this difference was also significant (P < 0.00001). A 
wide range of metabolite concentrations was found for 
whole blood and serum (328-2,763 ng/ml and 1,044-7,178 
ng/ml, respectively). 

Figure 1 shows a plot of all 86 individual values for the 
comparison of serum versus whole blood concentrations of 
mefloquine. The correlation coefficient (r) was 0.77 (P < 
0.00001) with the equation being y = 0.990X + 198 ng/ml. 
Figure 2 shows a plot of all 86 individual values for the 
comparison of serum versus whole blood concentrations of 
the mefloquine metabolite. The correlation coefficient (r) 
was 0.72 (P < 0.00001) with the equation being y - 1.92X 
+ 374 ng/ml. 

Metabolite-to-mefloquine comparison. Table 1 also in
cludes the calculated ratio of all 86 individuals' steady-state 
mefloquine metabolite concentrations compared with their 
parent mefloquine concentration. For whole blood the mean 
metabolite to mefloquine ratio was 2.02, while for serum it 
was 3.79. Both paired sets of data were significantly differ
ent (P < 0.00001). 

DISCUSSION 

We found that the overall mefloquine drug concentrations 
for a group of Dutch marines on long-term prophylaxis with 
250 mg of mefioquine/week reached a mean of 788 ng/ml 
(whole blood) as shown in Table 1 This is in the desired 
range for steady-state mefloquine prophylaxis.1^ However, 
we also saw a large, range of individual steady-state levels 
(159-1,671 ng/ml as has been reported by other investiga
tors.6 1 1 Since our assay variability is consistent with that 
found in other reports, we can best account for this large 
range of steady-state concentrations as the normal variability 

Serum Concentrat ion (ng/ml) 

2,000 r 

r = 077 
p<0.00001 m • y 

• if ' 

/ •. .n = B6 

0 500 1,000 1,500 2,000 

Whole Blood Concentrat ion (ng/ml) 

FIGURE 1. Comparison of mefloquine concentrations in serum 
versus whole blood. 

among individuals, which has also been acknowledged in 
these other studies. This wide range, which included a few 
individuals with values below the desired prophylactic 
range, may account for the reported failures for some com
pliant individuals during their long-term prophylaxis.'-

This is the first study to report whole blood and serum 
comparisons for mefloquine and its carboxylic acid metab
olite, although plasma-to-whole blood levels have been pre
viously reported for mefloquine.?_!0 Previous single-dose 
studies found mefloquine plasma-to-whole blood ratios of 
1.15,8 0.871,10 or a time-dependent change,9 while a long-
term prophylaxis study found a mefloquine plasma-to-whole 
blood ratio of 1.25.' 

We report here a mefloquine serum-to-whole blood ratio 
of 1.28, shown in Table 1, which is similar to those reported 
for plasma-to-whole-blood.7 The serum concentration is sig
nificantly greater than the whole blood concentration for this 
group {P < 0.00001). Although there appears to be a wide 

Mefloquine Metabolite 

Serum Concentrat ion (ng/ml) 

8,000 

0 2,000 4,000 

Whole Blood Concentrat ion (ng/ml) 

FIGURE 2 Comparison of the mefloquine carbo\ 
oliic concentraiions in serum versus whole blood 
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range of steady-state mefloquine concentrations among in
dividuals, as shown in Figure 1 and Table 1, the serum-to-
whole blood ratio is reasonably consistent, having 95% con
fidence limits of 1.24 to 1.32. 

A ratio near 1.0 has been explained by the fact that while 
mefloquine can be concentrated multi-fold in red blood 
cells,16 this effect may be canceled out because mefloquine 
may also be retained in the plasma or serum extracellular 
fluid due to extensive binding to the plasma or serum pro
teins.9 In vitro determinations have also found this same ap
proximate ra t io ." Serum, which has essentially the same pro
teins as plasma except fibrinogen, should retain the same 
degree of drug binding as plasma and thus have nearly the 
same ratio as plasma to whole blood as we now report. 

Because the mefloquine carboxylic acid metabolite has no 
pharmacologic activity, it is not monitored in most clinical 
studies.7 9 " However, our results now indicate that the me-
tabolite-to-mefloquine ratio may be very useful in estimating 
compliance. Another reason the metabolite is not monitored 
is that it is much more difficult to chromatographically de
termine both mefloquine and its carboxylic acid metabolite 
simultaneously with one single extraction and HPLC meth
od.18 This is because the metabolite is a weak acid (pKa 4.5) 
while mefloquine is a weak base (pKb 8.5), and an ion-
pairing reagent must be used with extremely close monitor
ing of the extraction and chromatographic buffer pH.18 

Since the mefloquine metabolite has a pKa of 4.5, it would 
be expected to be about 99.9% ionized in the neutral pH of 
either blood, plasma, or serum. This would considerably de
crease its free exchange across the red blood cell membrane 
and force the metabolite, once formed and released into the 
whole blood, to remain in the blood's extracellular space 
outside the red blood cells. The mefloquine parent drug with 
a pKb of 8.5 would be about 90% ionized at neutral pH. 
Even though serum albumin has a pKa of 4.9, it is consid
ered to have a net negative charge at normal serum pH of 
7.4. Thus, it still has a relatively large number of binding 
sites for acidic compounds. It is reasonable then to expect 
that the acid metabolite, being about 100 times more ionized 
than the mefloquine at neutral pH, would be considerably 
greater bound to the serum albumin than mefloquine. Thus, 
one would predict an even larger value for the serum-to-
whole blood ratio for the metabolite than the ratio value seen 
for the parent mefloquine. 

As shown in Table 1, we now report a ratio of 2.25 for 
the serum-to-whole blood for metabolite concentrations in 
this same group of individuals on long-term mefloquine pro
phylaxis. Again, this difference was statistically significant 
(P < 0.00001, by paired r-test) and consistent across indi
viduals with 9 5 % confidence limits of 2.17 to 2.33. This 
larger plasma-to-whole blood ratio for the metabolite of 
about 2.0 has been mentioned anecdotally. Figure 2 contains 
a plot of the metabolite serum-to-whole blood concentrations 
in these individuals. 

Even though the metabolite is inactive, we have continued 
to monitor and evaluate its concentrations, particularly dur
ing long-term prophylaxis, because it may be possible to use 
the concentration of the metabolite or the ratio of the me
tabolite to the parent mefloquine to estimate compliance. 
This is because the metabolite is slower to appear after dos
ing, is reported to have a longer half-life," and may also 

reach steady-state levels during long-term prophylaxis. How
ever, only a few studies7 9 " have simultaneously monitored 
both mefloquine and the metabolite and little information 
exists about the pharmacodynamics of the metabolite or 
about the relationship between the metabolite and mefloquine. 
Two studies7 " have reported that the metabolite concentra
tions in plasma were about double those of mefloquine after 
long-term prophylaxis, while another study9 reported a di
vided two-dose study in which the metabolite concentrations 
in plasma and whole blood simply exceeded mefloquine con
centrations after the second day. Thus, we also report the 
ratios of the metabolite to the parent mefloquine in both 
whole blood and serum in this same group of individuals. 

As shown in Table I, we found that the metabolite's whole 
blood concentrations within the same individual are consis
tently higher than their mefloquine whole blood concentra
tions by a factor of 2.02 and that this is statistically signif
icant (P < 0.00001). Furthermore, the tight 95% confidence 
limits of 1.90 to 2.14 suggest that this ratio is reasonably 
consistent across these individuals who were at steady-state 
concentrations. As might be predicted from the pharmaco
dynamic properties of the metabolite, such as the increased 
binding of the metabolite to serum albumin and concentra
tion outside the red blood cells, the metabolite-to-parent me
floquine ratio would be even greater for serum than for 
whole blood. We obtained a ratio of 3.79 for serum, which 
was also statistically significant (P < 0.00001) and had 95% 
confidence limits of 3.48 to 4.10. 

In summary, any comparison of serum, plasma, or whole 
blood mefloquine levels should take into account the relative 
concentration relationships reported here. This is even more 
true for the carboxylic acid metabolite of mefloquine, which 
has a larger serum-to-whole blood ratio. Furthermore, since 
the appearance of drug-resistant strains during compliance 
to recommended malaria chemoprophylaxis is a constant 
concern, the identification of noncompliant individuals is 
critical. The determination of the metabolite level, together 
with its ratio to the parent drug, may permit the determina
tion of noncompliance and allow for more effective moni
toring of the appearance of drug-resistant strains. The use of 
a single mefloquine level determination alone does not per
mit this evaluation. Thus, the use of the metabolite levels to 
assist in evaluating mefloquine compliance or mefloquine 
resistance issues should be further evaluated. 
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Limited information existed on the immunogenicity of an inactivated hepatitis A 
vaccine as part of an extensive vaccination schedule. Dutch marines bound for duty in 
Cambodia received inactivated hepatitis A vaccine (720 ELISA units of antigen, two 
intra-gluteal doses at a 2-week interval before departure and an intra-deltoid booster 
vaccination after 8 months) simultaneously with several other vaccines. Hepatitis A 
antibodies were determined in blood-samples drawn before and after the booster 
vaccination, using two laboratory tests (modified HAVAB and SBB-ELISA). At 
S months, before the booster vaccination, 52% (modified HAVAB) and 81% 
(SBB-ELISA) had seroconverted. Risk factors for non-seroconversion were increasing 
age and a typhoid vaccination. At 11 months 97.6% (modified HAVAB) and 100% 
(SBB-ELISA) had seroconverted. Non-seroconversion at S months was remarkably 
high. SBB-ELISA was more sensitive in lower titre ranges. © 1997 Elsevier Science 
Ltd. 

Keywords: hepatitis A. vaccinations, immunogenicity 

Until recently the usual prophylaxis against hepatitis A 
in the military was immunoglobulin, offering protection 
for only several months1. Therefore, an inactivated 
vaccine providing safe and long protection was an 
advantage. It had shown good immunogenicity after 
simultaneous administration with both hepatitis B2"' 
and other vaccines4, but no information was found on 
the immunogenicity after extensive simultaneous vacci
nations. Dutch Marines bound for UN-duty in 
Cambodia, were the first military group in the Nether
lands to receive an inactivated hepatitis A vaccine 
(HAVRIX 720). Before departure all received exten
sive vaccinations (total 10-12) administered simultane
ously or within a short period. We report on the study 
objectives: immunogenicity of inactivated hepatitis A 
vaccine within an extensive vaccination schedule and 
the comparison of two enzyme-linked immunoassay 

"Medical Service Royal Netherlands Navy. Hilversum, The 
Netherlands. IDepartment of Public Health and Environ
ment, Municipal Health Service, Amsterdam. The Nether
lands. tAuthor to whom all correspondence should be 
addressed at: NATO Headquarters Commander in Chief 
Eastern Atlantic Area, Atlantic Building, Room 3.15, North-
wood, Middlesex HA6 3HP, UK. {Received 30 July 1996: 
revised version received 15 January 1997; accepted 31 
January 1997) 

S T U D Y P O P U L A T I O N AND M E T H O D S 

Study population 

The retrospectively selected study population 
consisted of 760 marines (all male, mean age 
28.1 years: range 17-52), assigned to UN-duty in 
Cambodia from June to December 1992. They all 
underwent the same immunization regime, the only 
possible difference being in routine vaccinations like 
typhoid and diphtheria, tetanus and poliomyelitis, due 
to different booster intervals. All were screened for 
hepatitis A antibodies (anli-HAV) before the first 
vaccination: 148/760 (19.5%) persons proved to be 
anti-HAV positive and were excluded from the study. 
Only three men needed a booster vaccination for 
diphtheria, tetanus and poliomyelitis and were also 
excluded. The remaining 609 anti-HAV negative men, 
who received hepatitis A vaccination, were divided into 
two groups: a group who received a typhoid booster 
vaccination (Ty + ; n = 115) and a group who had not 
(Ty —: n — 494). A random sample of 230 persons 
(twice the Ty+ group) was selected from the Ty — 
group. After checking availability of sera and whether 
participants had received their hepatitis A booster at 
t - 8, the final study population consisted of 286 
persons (Ty+: 96, T y - : 190). The mean age of the 
total group was 26.4 years (T) +: 28.5. T y - : 25.4). 

Written informed consent was obtained from all 
participants. The study protocol was approved by an 
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institutional review board (Dutch Military Medical 
Committee). 

Medical and living conditions 
Before departure all subjects were lit for duty. No 

recent history of alcohol abuse or liver disease could be 
identified in the medical records. Due to operational 
restrictions it was not possible to record weight and 
length at the time of the vaccinations. All troops were 
instructed verbally and in writing on the risks involved 
in working in the tropics. Mefloquine (250 mg weekly) 
was the malaria chemoprophylaxis. In Cambodia troops 
were accommodated in tents and primitive campsites. 
Safe food and potable water supplies were available. 
Dutch military medical facilities supported the troops 
on site. All consultations, diagnoses and treatments 
were standardized and entered into a database. 

Vaccinations 
The vaccination schedule is shown in Tabic 1. All 

vaccinations were administered in The Netherlands 
except for the third hepatitis B vaccination which was 
given in Cambodia. The formalin-inactivated hepatitis 
A vaccine contained 720 ELISA units (EI.U) of 
hepatitis A antigen in 1 ml and was administered in 
three doses: the first two doses in the left gluteal 
muscle with a 14-day interval, a booster dose was given 
in the right deltoid muscle 8 months after the first 
dose. All participants were routinely vaccinated against 
diphtheria, tetanus and poliomyelitis (RIVM vaccine, 
booster every 15 years) and typhoid (RIVM vaccine, 
booster every 3 years). The required booster vaccina
tions were administered in the right gluteal muscle and 
subcutaneously (s.c.) in the left upper arm, respec
tively. Other vaccines were: hepatitis B [Engerix-B 
intramuscularly (i.m.) left deltoid muscle], rabies 
(Merieux inactivated rabies vaccine, i.m. right deltoid 
muscle) meningitis A + C (Meningovax A + C, s.c. right 
upper leg), and Japanese encephalitis (JE vaccine 
Korean Green Cross Corporation, s.c. right upper 
arm). 

For i.m. vaccinations 6 cm long needles were used. 
Vaccines were stored at 4°C and brought to room 
temperature before use. 

Blood sampling and serology 
Blood samples (20 ml) were drawn in The Nether

lands, before the first vaccination (( = 8); at 8 months 
(/ = 8), before the hepatitis A booster; and at 

11 months (/ = 11), 3 months after the booster vaccina
tion (Table I). The samples were directly transported to 
the Regional Laboratory of Public Health of the 
Municipal Health Service, Amsterdam, The Nether
lands, ccntrifuged and stored as sera at —20°C. First 
the samples from ; = 0 were screened for anti-HAV, 
using a commercially available enzyme linked immuno
assay (HAVAB, Abbott Laboratories, North Chicago, 
IL, USA). Then anti-HAV was measured according to 
a modified HAVAB protocol at I = 8 and I = 11 in 
samples of those who had received the inactivated 
hepatitis A vaccine. Titres were calculated using the 
mean values of the test results within the range of the 
assay and expressed in mlUniL ' by reference to the 
WHO standard using logarithmic regression. 

Anti-HAV litres of / = 8 and / = 1 1 were redeter
mined in the same samples by SmithKline Beecham 
Biologicals (SBB). Rixcnsart. Belgium, using their 
sensitive enzyme-linked immunoassay test 
(SBB-EL1SA) according to a standardized protocol5. In 
both tests sera with antibody titres <20 mlU ml " ' were 
considered negative (non-seroconversion). The 
geometric mean titre (GMT) was calculated from 
seroconverted values only. 

Statistical analysis 
Univariate analysis was applied using the x test. 

Multivariate logistic regression was used to find 
independent risk factors and to adjust for possible 
confounding. P-values of 0.05 or less were considered 
significant. 

RESULTS 
Seroconversion 

Of the total study population (n = 286) at 8 months 
(after two hepatitis A vaccinations) 52% (n = 150) 
using the modified HAVAB and 81% (n = 231) with 
SBB-ELISA had seroconverted. 

Participants were divided in Ty + (n = 96) and Ty — 
(«=190) and in age groups <25years (« = 116), 
> 2 5 - < 3 5 years (n = 123), and > 35 years (« = 47). 
Seroconversion rates in the different groups are shown 
in Table 2. Both laboratory tests showed increasing age 
and the typhoid booster vaccination to be univariate 
risk factors for non-seroconversion. After multivariate 
analysis, adjusting for typhoid vaccination, age 
remained independently associated with 
non-seroconversion. The typhoid vaccination, corrected 

Table 1 Vaccination and blood sample schedule in Dutch mannes for the Cambodia deployment in 1992 

Time intervals 

Vaccination ( = 0 f = + 1 week f = + 3 weeks f = + 9 weeks ( = + 8 months f = +11 months 

Hepatitis A 
Hepatitis B 
Rabies 
Meningitis A + C 
Japanese encephalitis 
Typhoid3 

DTP* 
Blood sample 

'Booster vaccination when necessary 
"DTP.diphtheria, tetanus and poliomyelitis, booster vaccination when necessary 
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Table 2 Predictors for anti-HAV seroconversion in 286 Dutch marines at 8 months 

Modified HAVAB SBB-ELISA 

Sero Sero
Total conversion Adjusted Adjusted conversion Adjusted Adjusted 

Vatiable number (%) OR 95% CI OR 95% CI (%) OR 95% CI OR 95% CI 

Total study 286 52.4 80.8 
population 

Age (years) <25 116 62 9 1 86.2 1 
> 2 5 - < 3 5 123 52 0 0.64 0.38-1.07 0.80* 0.47-1.39 83.7 0.82 0 40-1.68 0.96* 0.46-2.02 
> 3 5 47 277 0.23 0.11-0 47 0 27 ' 0.12-0.57 59.6 024 0.11-0.52 0.27" 0.12-0.60 

Typhoid Yes 96 36.5 1 74.0 1 
vaccination No 190 60.5 2.67 1.61-4.44 2.45° 1 43-4.18 84.2 1 88 1.03-3.42 1.73' 0.91-3.29 

'Adjusted for typhoid 
c Adjusted for age 

for age, remained an independent risk factor for 
non-seroconversion using modified HAVAB (OR 2.45; 
959c CI 1.43-4.18) and just lost significance for 
SBB-ELISA (OR 1.73; 95% CI 0.91-3.29). At 
11 months. 3 months after the hooster vaccination, the 
percentages of sero-conversion for modified HAVAB 
and SBB-ELISA were 97.6 (« = 279) and 100%. 
respectively. 

During deployment and a 3-month period after 
repatriation no clinical cases of hepatitis nor jaundice 
were diagnosed either in the study population nor in 
the total battalion. 

Antibody titres 
Geometric mean titres of the seroconverted persons 

are shown in Table 3, suggesting great differences at 
both / = 8 and ' = 11 for the tests in the various groups. 
In contrast to the association between seroconversion 

and a typhoid vaccination, there was, among serocon
verted persons, no difference in GMT between the 
Ty+ and Ty— groups. To compare the results of both 
tests, the anti-HAV titres of all available samples 
(« = 618) were divided into seven strata (mlUmP 1 ) : 
1-19. 20-99, 100-199. 200-499, 500-999, 1000-1999, 
>2000. Then, the mean of the titres within each 
stratum was calculated. In lower anti-HAV concentra
tions the SBB-ELISA was usually higher than modified 
HAVAB but this reversed in higher concentrations 
(Table 4). 

DISCUSSION 
The main findings of this study were the low serocon
version rates after two hepatitis A vaccinations at 
8 months and the different results obtained by the 
laboratory tests. Neither low anti-HAV titres nor 
seroconversion rates had been observed in other 

Table 3 Anti-HAV GMT in seroconverted Dutch marines 

At 8 months At 11 month; 

GMT mod Range GMT Range GMT mod Range GMT Range 
HAVAB SBB-ELISA HAVAB SBB-ELISA 

(" = ) ' (-! = ) ' (n = )" (" = ) ' 
Total study population 56 

(150) 
20-745 114 

(231) 
26-908 1191 

(279) 
20-20211 920 

(286) 
59-9312 

Age (years) <25 55 
(73) 

21-745 124 
(100) 

27-871 1641 
(116) 

36-20012 1459 
(116) 

213-9312 

> 2 5 - < 3 5 56 
(64) 

20-537 111 
(103) 

26-908 1130 
(118) 

20-20211 1057 
(123) 

59-8522 

> 3 5 67 
(13) 

22-468 97 
(28) 

31-712 601 
(45) 

34-15104 769 
(47) 

111-5284 

Typhoid Yes 66 
(35) 

22-537 115 
(71) 

26-908 887 
(92) 

20-20211 1303 
(96) 

59-8838 

No 54 
(115) 

20-745 114 
(160) 

31-795 1380 
(187) 

20-20012 1274 
(190) 

68-9312 

Number of seroconverted persons over whom GMT was calculated 

Table 4 Comparison of SBB-ELISA anti-HAV titres to corresponding modified HAVAB titres 

Concentration stratum (mlU ml"1) 
Number of SBB-ELISA results within the stratun 

SBB-ELISA mean titre 
Corresponding modified HAVAB mean titre 

0-19 20- 99 100- •199 200- 499 500- •999 1000-1999 >2000 
69 120 114 72 83 68 92 

0 ' 68 140 318 737 1425 3706 
2 18 48 199 877 1853 6263 

'All available serum samples [n = 618. modified HAVAB+SBB-ELISA at f = 8 and t = 11) were included, exceeding the number of included 
participants (n = 286} 
SBB-ELISA results <20 mlU ml" ' were given 0 as outcome by the laboratory 
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studies". Given the operational military circumstances 
wc were limited in the number of variables. 

Apart from the typhoid vaccination, wc could not 
study the influence of other vaccinations. We identified 
increasing age and simultaneous typhoid vaccination as 
risk factors for non-seroconversion. Slower immuno-
genicity with increasing age has been observed7 but this 
was found in an older age group (40-62 years) than in 
our study. This in contrast to Bienzlc et al.' who found 
higher GMTs in older age groups. Good inimuno-
genicity for hepatitis A after simultaneous hepatitis B 
vaccination has been reported1' and similar results 
were reported after simultaneous administration with 
limited other vaccines (including typhoid, rabies and 
Japanese encephalitis)'. After two vaccinations 100% 
anti-HAV seroconversion (GMT 147) was found in 
Norwegian troops before a hepatitis A booster vaccina
tion at 9 months. They also received diphtheria, 
tetanus, polio, typhoid, cholera and BCG vaccinations 
simultaneously; some received hepatitis B vaccina
tions*. However, the routes of administration were not 
mentioned and SBB-ELISA was used, a more sensitive 
test than modified HAVAB. Looking at our 
SBB-ELISA results we still consider an adjusted OR of 
1.73 relevant for non-seroconversion after a typhoid 
vaccination. 

There may be other explanations for 
non-seroconversion in our population. First, the injec
tion site could be a reason for non-seroconversion. We 
were not able to choose the preferred administration in 
the deltoid muscle because of 'competition' with other 
simultaneous vaccinations. After hepatitis B vaccina
tion better immunogenicity was found via the deltoid 
muscle than via the gluteal muscle'. The explanation 
was that in adipose persons in particular, the gluteal 
muscle was not reached due to s.c. fat. Consequently 
wc used long needles (6 cm) for the intra-gluteal vacci
nations, but the effective antibody levels after the intra-
deltoid booster vaccination support a negative 
influence of the off-label use during the first two vacci
nations. Secondly, we used an accelerated 14-day 
interval between the first two doses of hepatitis Â 
vaccine. However, several studies showed good results 
with an accelerated schedule"1-'"" and, indeed, a single 
dose vaccine containing 1440 ELU is now the preferred 
choice. Thirdly, an important limitation was the impos
sibility to collect blood in Cambodia. Hence the level 
of protection in Cambodia remained unknown, 
although no clinical cases of hepatitis occurred during 
or after the stay in this endemic area. These three 
factors restrict practical consequences. Finally, partici
pants took mefloquine as malaria chemoprophylaxis. 
Poor antibody response to rabies vaccination has been 
associated with chloroquinc chemoprophylaxis12. In our 
study mefloquine, chemically related to chloroquinc. 
was an unlikely interfering agent. The marines received 
the second hepatitis A vaccination ca 8 weeks before 
starting chemoprophylaxis and a booster vaccination 
while still taking mefloquine. 

The other main finding of this study was the large 
difference between the results with modified HAVAB 
and SBB-ELISA. Both laboratories were well experi
enced and the tests were performed according to good 
laboratory practice' guidelines. Different results 
between both tests have been described. Delem 

compared modified HAVAB with SBB-ELISA titres'. 
In the protocol of the modified HAVAB l(X);il serum 
was used instead of 200/il in our study. A good corre
lation between both assays was found, but the GMT of 
SBB-ELISA litres in serum samples collected at 
months 1. 2 and 6 were higher than the GMT deter
mined by modified HAVAB. At month 7, however, the 
GMT of SBB-ELISA titres was 4180 versus the 
modified HAVAB GMT of 4223. In our study an 
explanation for the different titres might be the 
different affinity of the antibodies against the different 
antigens used in the two tests. The amount of serum 
used in both tests could be another explanation. 

In conclusion, it was surprising that two doses of 
inactivated hepatitis A vaccine despite the limitations 
of this study resulted in such low anti-HAV serocon
version rates at 8 months. The different laboratory test 
results should also be recognized. 

Disclaimer. The views expressed in this article are 
those of the authors and do not necessarily reflect 
those of The Royal Netherlands Navy. 

ACKNOWLEDGEMENTS 

We thank SmithKline Beecham for financing the 
laboratory tests, M. de Ridder (Municipal Health 
Service Laboratory, Amsterdam) and A. Delem (SBB. 
Rixensart) for their laboratory support. Furthermore 
wc thank J. Couvée (SBB) for statistical advice and the 
medical personnel of the Marine Barracks Doorn, The 
Netherlands, for logistical support. 

REFERENCES 
1 Hoke, C.H.. Binn, L N . and Egan, J E et a/ Hepatitis A in US 

Army: epidemiology and vaccine development Vaccine 1992. 
10, (Suppl. 1), S75-S79. 

2 Ambrosch. F.. André. F.E and Delem. A. ef ai. Simultaneous 
vaccination against hepatitis A and B: results of a controlled 
study. Vaccine 1992. 10, (Suppl. 1). S142-S145 

3 Ambrosch, F.. Wiedermann, G. and André, F E . et al. Clinical 
and immunological investigation ot a new combined hepatitis 
A and hepatitis B vaccine J. Med. Virol. 1994, 44, 452-456 

4 Bienzle, U., Bock, H.L., Kruppenbacher, J P., Hofmann. F 
Vogel, G.E. and Clemens, R. Immunogenicity of an inacti
vated hepatitis A vaccine administered according to two 
different schedules and the interference of other "travellers'' 
vaccines with the immune response. Vaccine 1996, 14, 
501-505 

5 Delem. A. Comparison of modified HAVAB and ELISA for 
determination of vaccine-induced anti-HAV response. Biolog-
icals 1992. 20, 289-291. 

6 Clemens, R.. Safary. A , Hepburn, A., Roche, C , Stanbury. 
W.J. and André, F.E Clinical experience with an inactivated 
hepatitis A vaccine J Infect Dis. 1995, 171, (Suppl. 1). 
S44-S49 

7 Briem. H and Safary, A. Immunogenicity and safety in adults 
of hepatitis A virus vaccine administered as a single dose with 
a booster 6 months later J. Med. Virol. 1994, 44, 443-445. 

8 Aarhaug P. Field evaluation of a hepatitis A vaccine in a 
Norwegian contingent to the United Nations Interim Force in 
Lebanon Vaccine 1992. 10, (Suppl 1), S156-S158. 

9 Shaw, FE Jr. Guess. H A and Roels, J M el a/. Effect of 
anatomic injection site. age. and smoking on the immune 
response to hepatitis B vaccination Vaccine 1989. 7. 
425-430 

10 Jilg. W , Bittner, R. and Bock H L e; a! Vaccination against 
hepatitis A comparison of different short-term immunization 
schedules Vaccine 1992, 10, (Suppl 1), S126-S128 

86 



IMMUNOGENICITY OF AN INACTIVATED HEPATITIS A VACCINE 

Immunogenicity of an inactivated hepatitis A vaccine: A.P.C.C. Hopperus Buma et al. 

11 Müller, R.. Chriske. H and Deinhardt. F. el a/ Hepatitis A 12 Taylor, N.T., Wasi. C and Bernard. K. Chloroquine prophy-
vaccination: schedule lor accelerated immunization Vaccine Iaxis associated with a poor antibody response to human 
1992 10, (Suppl 1), S124-S125. diploid cell rabies vaccine. The LanceM984, 8391, 1405 

87 





Chapter 8 

AN ECONOMIC EVALUATION OF HEPATITIS A 

VACCINATION IN DUTCH MILITARY PERSONNEL 

Adriaan Hopperus Buma, Philippe Beutels, Pierre van Damme, 

Guy Tormans, Eddy van Doorslaer, Anne Leentvaar-Kuijpers 

Military Medicine 1998; 163: 564-567 





A N E C O N O M I C EVALUATION O F H E P A T I T I S A V A C C I N A T I O N 

MILITARY MEDICINE, 163. S:564, 1998 

An Economic Evaluation of Hepatitis A Vaccination in Dutch 
Military Personnel 

CDR Adriaan Hopperus Buma, MC NLN* 
Philippe Beutels, MSCt 
Pierre van Damme, PhDf 

We analyzed the cost-effectiveness of hepatitis A vaccination 
regimens using a mathematical simulation model. Passive im
munization and two active vaccination strategies (with and 
without prior screening) were compared with "doing nothing." 
Hepatitis A antibodies were determined in 2,325 Dutch ma
rines; other input data were retrieved from published and un
published sources. The prevalence of hepatitis A antibody was 
14%. Screening before vaccination was identified as appropri
ate at a prevalence > 20%. Passive immunization was the 
cheapest prevention for a single 6-month deployment per 10 
years. The inactivated vaccine containing 1,440 enzyme-
linked immunosorbent assay units without prior screening 
was identified as the best option for more frequent deploy
ments. It was cost-saving with two or more missions per 10 
years. A 5.3% hepatitis A attack rate validated the investment 
for this policy. Overall, immunization with inactivated hepati
tis A vaccine without prior screening proved to be the optimum 
strategy for troops at regular risk. 

Introduction 

I n the past, hepatitis A has been a major risk in the military. 
Outbreaks of hepatitis A greatly influenced several military 

campaigns. ' During the last few decades, protection was offered 
by immunoglobulins, and more recently, inactivated vaccines 
have been introduced. However, economic evaluations plav an 
increasing role in current health care policy. Hepatitis A vacci
nation evaluations are available, but they are usually based on 
civilian data.2 Unique conditions exist for the military, because 
troops may suddenly be deployed to war zones with ruined 
infrastructure and poor hygienic circumstances. Furthermore, 
loss of operability because of infectious outbreaks plays a deci
sive role in military vaccination policy. Dutch marines bound for 
United Nations duty in Cambodia in 1992-1993 were the first 
group in The Netherlands to receive the inactivated hepatitis A 
vaccine (Havrix 720). More recently, the double-concentrated 
vaccine (Havrix 1440) has been introduced. These factors have 
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formed the background for this economic evaluation using mil
itary circumstances as a baseline. Although derived from Dutch 
circumstances, we consider the results to be of general interest. 

M e t h o d s and S t u d y P o p u l a t i o n 

Hepavac Model 

In this study, a decision-analytic model, based on the Markov 
chain, was used to compare preventive strategies and to deter
mine whether results were sensitive for different input data. The 
Hepavac model, based on a decision-tree model, was developed 
by the Department of Epidemiology and Community Medicine of 
the University of Antwerp. Belgium.2 Initially, five hepatitis A 
preventive strategies were analyzed and compared with "doing 
nothing": passive immunization of all subjects with immuno
globulin, active immunization of all subjects with inactivated 
hepatitis A vaccine containing 720 enzyme-linked immunosor
bent assay (ELISA) units or 1,440 ELISA units, and hepatitis A 
antibody screening followed by active immunization of suscep
tible persons only. In this article, we have left out the results of 
the 720 ELISA units vaccine because it has become irrelevant 
for adults. Furthermore, the analysis showed that it was always 
less cost-effective than the 1,440 ELISA units vaccine. 

Input Data 

The input data are shown in Table I. Hepatitis A-related costs 
and number of infections were calculated for 1.000 Dutch 
troops deployed in an endemic area for 6 months, which is the 
set length for the majority of deployments. We assumed one 
deployment every 3 years within a 10-year time frame. The latter 
corresponded with a period after which a booster dose with 
inactivated vaccine could be considered. 

Prevalence data on hepatitis A antibodies in Dutch marines 
were based on age-specific sero-positiviry in a study sample of 
2,325 marines and naval personnel bound for United Nations 
duty in Cambodia during 1992-1993. The mean age was 28.1 
years (range. 17-52 years). Hepatitis A antibodies were deter
mined before vaccination by the Regional Laboratory of Public 
Health. Municipal Health Service (Amsterdam. The Netherlands) 
using a commercially available radioimmunoassay test (HAVAB. 
Abbott Laboratories. Chicago. Illinois). Written informed 
consent for hepatitis A antibody testing was obtained from all 
participants. 

Since the Second World War. there has been a steady de
crease in the incidence of hepatitis A in The Netherlands: the 
current rate is estimated at 0.003%.:' Hepatitis A does not rep
resent a high professional risk for military personnel stationed 
in The Netherlands. A similar patlem can be found in other 
western countries and is reflected in a decline in hepatitis A 
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TABLE I 

OVERVIEW OF BASELINE INPUT DATA 

Population Immunoglobulins Economic data (US) 
No. of persons 1,000 Dose 1 Diagnosis and treatment 
Assignment period 10 years Compliance 100% Mild hepatitis A 238 
Anti-HAV prevalence (%) Protection 73 days Moderate hepatitis A 434 

17-25 years 3.2 Protection rate 95% Severe hepatitis A 3,304 
26-30 years 9.4 Fulminant hepatitis A 33,040 
3 1-35 years 16.4 Screening test . (%) Relapsing hepatitis A 434 
36-40 years 37.4 Sensitivity 99 Liver t ransplantat ion 177,200 
41 -45 years 46.6 Specificity 99 Vaccines (unit) 
46 -52 years 70.6 1440 ELISA unit vaccine 35 

Clinical assumpt ions (%) Immunoglobu lins 16 
Risk exposure Symptomatic hepatitis A 90 Laboratory 

AnnuaJ attack rate (%) Mild 50 Screening test 17 
The Netherlands 0.003 Moderate 30 Liver function tests 31 
Endemic area 10 Severe 20 Blood count 11 

Deployment Fulminant 0.1 Serology hepatitis A and B 63 
Duration 6 months Relapse rate (%) Serology hepatitis A, B, and C 103 
Frequency 1 per 3 years Mild hepatitis 9 Consultations 

Moderate hepatitis 7 General practitioner 16 
Vaccines Severe hepatitis 2 Specialist (first) 47 

1,440 ELISA unit vaccine Nonoperability (weeks) Specialist (follow-up) 18 
Dose 1 (+1 booster) Mild hepatitis 6 Hospitalization 
Compliance 100% (99%) Moderate hepatitis 12 Per day 417 
Protection 1 year (10 years) Severe hepati t is 24 
Protection rate 95% (99%) Fulminant hepatitis 52 

antibody prevalence.4 The hepatitis A attack rate for endemic 
areas was estimated at 10%, based on studies among suscepti
ble individuals in risk areas.M Disagreement regarding inci
dence assumptions was found in the medical literature,8 There
fore, we performed a sensitivity analysis for hepatitis A 
incidence. The clinical data on mild, moderate, severe, and ful
minant hepatitis A were based on the Hepavac study.2 Clinical 
data and Dutch treatment costs were collected using standard 
treatment regimens where available. Dutch health care costs for 
1994 were used, expressed in rounded U.S. dollars (1 US = 1.8 
Dutch guilders). Treatment costs under military operational cir
cumstances were not available and would have been difficult to 
estimate. Instead, we used available civilian data. Information on, 
and prices of. vaccines and the screening test were obtained from 
the manufacturers, the Department of Pharmacy of the Royal 
Netherlands Navy, and the Laboratory of the Municipal 
Health Service in Amsterdam, Nonoperability periods because 
of hepatitis A were defined as the period in which a marine 
was totally or partially not fit for duty. Lost working days were 
included as nonoperability days only and were not converted 
into monetary units. 

Results 

Prevalence 

The mean hepatitis A antibody prevalence in the study sample 
was 14%. This ranged from 0% in 17 year olds to 83% in those 
aged 51 years, showing an increasing prevalence with increas
ing age (Fig. 1). There were no significant differences between 
the battalions. 

Baseline Results 

Assuming that 1,000 marines spend 6 months in an endemic 
area once every 3 years during a 10-year period, the expected 
number of symptomatic hepatitis A infections per strategy 
would have ranged from 2.7 for the inactivated vaccine for all 
(without prior screening) to 141.9 for doing nothing, with 30.5 to 
1,621.7 expected weeks of nonoperability, respectively (Table II). 
The cost analysis showed that costs of treatment with the doing-
nothing strategy were higher than the investments of the different 
vaccination regimens, the only exception being passive immuniza
tion (Table III), A hepatitis A antibody prevalence < 14% made it 
more cost-effective to vaccinate all marines then to screen before 
vaccination of susceptible persons only. Purely on the basis of 
costs, the inactivated vaccine for all personnel bound for overseas 
duty was the optimum method for hepatitis A prevention. 

In a cost-effectiveness analysis, incremental direct costs 
(nominator) were defined as direct costs incurred relative to 
doing nothing, and the effectiveness was defined as the number 
of infections prevented (denominator). This analysis showed 
that passive immunization had a cost-effectiveness ratio of 285 
US per infection prevented. Both active immunization strategies 
proved to be cost saving; the policy of using inactivated vaccine 
for all turned out to be the most efficient option. 

Additionally, in a budget-impact analysis, return on invest
ments was calculated, showing to what extent a strategy pays 
back what has been invested. Benefits were the avoided treat
ment costs through prevented infections, whereas costs were 
made up of intervention costs (immunization and screening). 
Both future costs and benefits were discounted using a 5% 
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Fig. 1. Prevalence of hepatitis A antibodies in 2.325 Dutch marines and naval 
personnel. 

EXPECTED NUMBER OF SYMPTOMATIC HEPATITIS A INFECTIONS 
AND WEEKS OF NONOPERABILITY (UNDER BASELINE CONDITIONS) 

Symptomatic Infections Nonoperability 
Vaccination Regimen (absolute numbers) (weeks) 

Doing nothing 141.9 1.621.7 
Passive immunization 7.8 88.9 

for all 
Inactivated vaccine for 2.7 30.5 

all 
Inactivated vaccine for 4.2 47.6 

susceptible 
individuals 

discount rate. Again, use of the inactivated vaccine for all was 
the optimum strategy (Table IV). It would have led to a return on 
investment of 172%. 

Sensitivity Analysis 
Given some uncertainty about several crucial input parame

ters, it was important to test the robustness of the findings by 
varying these input values within reasonable bounds. The inci
dence and prevalence rates were the most influential variables 
in this economic evaluation. Other assumptions, such as types 
of hepatitis A. laboratory tests, consultations, and treatment 

costs, proved to be of minor importance. The effect of vaccine 
price variations was not analyzed because prices for these vac
cines have been quite stable. 

First, the hepatitis A incidence rate was varied, this being the 
most controversial assumption. The consequences of different 
attack rates are shown in Table V. The lowest break-even point 
on savings was found at a 5.3% attack rate for the inactivated 
vaccine for all regimens. To analyze the screening policy, a 
sensitivity analysis was performed for varying levels of preva
lence data. Screening before vaccination was economically jus
tifiable only for a prevalence > 20%. This introduced the option 
to adopt different strategies for different age groups (Table I). 

Finally, we varied the frequency of missions to endemic areas. 
Passive immunization turned out to be the cheapest strategy for 
those sent to risk areas once every 10 years, with a cost-effec
tiveness ratio of US 11. The corresponding ratios for the inacti
vated vaccine for all or susceptible individuals only were 705 
and 877 US, respectively. More frequent deployments showed 
the best results for the inactivated vaccine for all. At one mission 
at least every 4 years, this strategy would have offered a positive 
return on investment. One deployment every 5 years showed a 
cost-effectiveness ratio of 11 US per prevented infection. With 
prior screening, the ratio would have been 100 US per prevented 
infection. 

Discussion 

The main finding of this study was that the inactivated vac
cine for all (without prior screening) was the preferred choice 
under the proposed baseline conditions. However, some of the 
assumptions that had to be made were debatable. The most 
influential concerned the expected hepatitis A incidence in en
demic areas and the prevalence data on hepatitis A antibodies. 

In recent years, no personnel from low-prevalence countries 
have been sent on long-term missions to risk areas without any 
form of protection, making it difficult to study any exposure risk. 
Steffen et al. calculated a hepatitis A risk in high-prevalence 
areas of 3 per 1.000 per month for travelers staying in luxury 
hotels and 20 per 1.000 per month for backpackers.5 A hepatitis 
A antibody seroconversion rate of 48.1% was found among un
protected French missionaries after 2 years in West and Central 
Africa.6 The rate was 28% among American missionaries who 
lived under comparable conditions.7 Severo et al. found 1,717 
cases (39%) of hepatitis A among 4,450 French national service 
volunteers in developing countries during a 10-year period.3 An 
attack rate of 8.96% was found in unprotected French troops in 
Lebanon in 1978.I0 Jefferson et al. postulated a much lower risk 
(a maximum of 0.21 %) for British soldiers during the Gulf War. ' ' 

TABLE m 

COST ANALYSIS FOR DIFFERENT VACCINATION REGIMENS UNDER BASELINE CONDITIONS (IN U.S. DOLLARS) 

Vaccination Regimen 

Doing nothing 
Passive immunization for 

all 
Inactivated vaccine for all 
Inactivated vaccine for 

susceptible individuals 

119.877 
6.516 

1.242 
2.498 

Screening 

69.079 
58.926 

119.877 
163 825 

70.321 
78.424 
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BUDGET-IMPACT ANALYSIS OF HEPATITIS A PREVENTION 
REGIMENS COMPARED WITH DOING NOTHING 

(UNDER BASELINE CONDITIONS) 

Bcnefiis Costs Return on 
Vaccination Regimen (USS) (USS1 Investment 

Passive immunization for 

all 
Inactivated vaccine for all 

113.361 157.309 0.72 Passive immunization for 

all 
Inactivated vaccine for all 118,635 69,097 1.72 
Inactivated vaccine for 117.379 75,926 1.55 

susceptible individuals 

SENSITIVITY ANALYSIS FOR HEPATITIS A ATTACK RATES IN COST-
EFFECTIVENESS RATIOS (IN U.S. DOLLARSI 

Cost-Effectiveness Ratio 

Inactivated Inactivated Vaccine 
Attack Passive Vaccine for for Susceptible 

Rate (%) Immunization All Individuals 

0.2 47,979 21,165 22.896 
1 9,079 3.868 4.233 
2 4,196 1,331 1.551 
4 1,756 303 415 
8 534 Cost-saving Cost-saving 

10 (baseline) 295 Cost-saving Cost-saving 
12 133 Cost-saving Cost-saving 

Behrens and Roberts rightly questioned cost-benefit ratios of 

any hepatitis A vaccination strategy in travelers based on a 

0.05% hepatitis A incidence rate.12 Finally, rates between 0.06 

and 0.16 per 100 person-years were found among U.S. foreign 

service personnel,13 These differences very much influence the 

outcomes. However, specific conditions exist for the military. A 

single hepatitis A case in military circumstances carries the risk 

of an outbreak in a larger group, and key personnel may be 

affected. During an exercise in the United States in 1989, hep

atitis A finally affected 19.8% of the troops.14 Furthermore, con

temporary circumstances may still lead to crowded accommo

dations and poor hygiene, yet the hepatitis A antibody 

prevalence has been declining. So it is the combination of vari

ables and the weight of the independent factors that should lead 

to an optimal vaccination strategy. 

A less controversial variable was the prevalence of hepatitis A 

antibodies. In most military forces, the prevalence reflects the 

situation in the civilian population, showing a decline during the 

last few decades for many western countries.15-17 We found 

screening before hepatitis A immunization to be useful only if 

the prevalence was greater than 20%, A similar percentage was 

found in another Dutch study.18 In our study population, this 

indicated a screening policy for those older than 35 years, or 

27,5% [N = 639] of" the battalions. This is a cohort-related 

situation, and as time passes the limit changes accordingly, 

Within a few years, it will no longer be worthwhile to screen 

because only a minority will have hepatitis A antibodies. More

over, it is often impractical to screen before a mission because of 

a lack of time. We found no information that immunizing per

sons positive for hepatitis A antibody was harmful. We believe, 

therefore, that antibody screening can be rejected for the Dutch 

circumstances. 

In conclusion, based purely on costs, the preferred hepatitis A 

immunization regimen for the Dutch military should be the 

inactivated vaccine for all. Troops on short notice (< 14 days) for 

overseas deployments should be vaccinated routinely, and 

troops on longer notice should be vaccinated only before depar

ture to a risk area. 
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Abstract 
Objectives—To determine the sexual risk 
behaviour and the incidence of sexually 
transmitted diseases (STD) among 
Dutch marines and naval personnel dur
ing a United Nations (UN) deployment. 
Methods—Surveillance by post deploy
ment questionnaire, administered to 2289 
persons in three successive battalions 
who served for 6 months on a UN deploy
ment in Cambodia during June 1992— 
November 1993. On site the medical 
history of all individuals was kept up to 
date in a database. AH personnel received 
extra education on STD prevention prior 
to deployment. Condoms were freely 
obtainable during deployment. 
Results—1885 persons (82%) handed in 
the questionnaire of whom 842 (45%) 
reported to have had sexual contacts with 
prostitutes or local population. Being 
younger and single were independent risk 
factors for having contact. Out of these 
842 persons, 750 (89-1%) reported con
dom use at all t imes, while 82 (9-7%) 
reported inconsistent use and 10 persons 
(1*2%) reported not to have used con
doms. Risk factors for inconsistent and 
non use were being 40 years or older and a 
higher number of contacts. From the 832 
(750 + 82) condom users, 248 (30%) 
reported condom failure. Risk factors for 
failure were: inconsistent condom use, 
having had more than sLx contacts and 
being in the second battalion. The patient 
recording database showed 43 STD cases 
registered in the total population of 2289 
persons (1-9%). 

Conclusiotis—A low STD incidence was 
found despite a considerable number of 
reported sexual contacts. The reported 
condom use was high but the failure rate 
was considerable and needs further 
attention. 

(Gcnàoiihn Med 1995 ;71 :172-175) 

Keywords: military personnel ; S T D incidence; con
d o m use 

Introduct ion 
During recent years military forces are 
becoming more involved in United Nations 
(UN) missions the world over. In 1992-93 
Dutch troops took pan in the United Nations 
Transitional Authority in Cambodia 
(UNTAC). This task brought new challenges 
for the medical service m preparing and sup

porting these troops. Apart from injuries, we 
expected to encounter a variety of infectious 
diseases under the given tropical and primitive 
circumstances. Reliable recent information on 
the prevalence of diseases., including STD, in 
Cambodia turned out to be scarce.' As we 
expected to be involved in similar UN opera
tions in future and to be better prepared for 
the medical consequences, we set up a surveil
lance system to monitor the incidence of 
acquired injuries and diseases among our per
sonnel in Cambodia. Before departure all 
received health education about the risks 
involved in living and working in a tropical 
country. Special attention was given to sexu
ally transmitted diseases (STD) and condom 
use because we assumed that the duration of 
deployment and the destination would form 
high risks to seek sexual contacts. A great con
cern in this respect was the increasing human 
immunodeficiency virus (HIV) threat in 
South East Asia.2 

To evaluate the sexual behaviour and the 
risk to contract STD we undertook a study to 
determine this behaviour and the incidence of 
STD in Dutch troops during the Cambodia 
deployment, on which we report in this arti
cle. 

Study population and methods 
The study-population consisted of three bat
talions of Dutch marines and naval personnel 
who served in Northwestern Cambodia dur
ing a UN peace keeping mission. Each battal
ion was initially planned to stay for a 6 month 
period. On departure all personnel were med
ically fit for duty and there were no known 
cases of STD. Operational periods in 
Cambodia were spent in camps. Contact with 
the local population or prostitutes could only 
take place outside these campsites and varied 
in accordance with the locations and political 
tension. Troops had the opportunity to take a 
two week midterm rest and recuperation leave 
(R&R), which was spent in The Netherlands 
or in hotels in Thailand (Bangkok and 
Pattaya), Malaysia (Penang) and Singapore. 
In addition one or two 48 hour leaves could 
be spent in hotels in Phnom Penh, 
Battambang and the Thai border town 
Aranyaprathet. 

Before departure to Cambodia everybody 
received 4 hours of health and hygiene educa
tion from the medical service. This included 
30 minutes on sexual risk behaviour and 
STD, in particular the risk of HIV transmis
sion. The importance of condom use was 
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Table 1 Predictors of sexual contacts among 1885 Dutch troops during their stay in south 
east Asia 

V„fUac, 
murvals 

Reported 
Total sexual 

Variable number eom^ts (*•;) 

Age 
<20 years 99 69 
20-29 years 1125 51 
30-39 years 479 35 
> 4 0 years 182 17 

Steady sex panner* 
Yes 822 35 
No 314 82 

Battalion 
first 703 39 
second 513 48 
third 669 47 

1-45 
1 40 

0-31-0-74 
015-0-39 
0 05-0-17 

1-15-1-82 
113-1-74 

•Data available only in second and third battalion. 

stressed but demonstrations on correct use 
were not given. They all received a booklet 
Staying healthy in the tropics,* which also con
tained information on STD. During deploy
ment latex condoms (Durex, Bene-luxe) were 
freely obtainable and distributed by the med
ical service. This is common policy in The 
Netherlands Navy and Marine Corps when 
abroad. 

The medical organisation on site included 
sickbays at all company locations and a field 
hospital, all manned by doctors and addi
tional medical personnel. They were given 
extra theoretical and practical training on 
STD diagnosis and treatment. In Cambodia 
STD diagnosis was based on the clinical fea
tures and direct microscopical examination 
(Gram stain and dark field). There were no 
facilities for culruring or serological testing on 
site but serum could be sent to The 
Netherlands. Therapy was given according to 
standardised treatment regimes."1 In 
Cambodia all diagnoses and treatments were 
registered in a database (Otello). 

During the medical check up, a few days 
after repatriation, participants were asked to 
fill out an anonymous multiple choice ques
tionnaire on sexual behaviour during the 
deployment including the R&R period. Apart 
from age we asked for frequency and geo
graphical location of sexual contacts, condom 
use and failure, contracted STD and treat
ment. Because of the very small number of 

female personnel involved we did not ask for 
gender. A question on whether they had a 
steady (sex) partner at home was added to the 
second and third battalion questionnaires. 

Sexual contact was defined as insertive gen
ital contact with prostitutes or local popula
tion. Condom failure was defined as condoms 
tearing or sliding off during sexual contact. In 
combining frequency of condom use and fail
ure we constructed a new variable, protected 
sexual contact, defined as consistent condom 
use without failure. All other combinations 
were considered unprotected. 

We obtained written informed consent 
from all participants. The Dutch Military 
Medical Committee gave its ethical approval 
for this study. Data were "univariately analysed 
using the two tailed chi square test. 
Multivariate logistic regression was used to 
determine independent risk factors and to 
adjust for possible confounding.5 P-values of 
0 0 5 or less were considered significant. 

Results 
POPULATION' CHARACTERISTICS 

The study population consisted of 2289 per
sons, 760, 752 and 777 in successive battal
ion. They spent a total of 11 848 person 
months on deployment in the period June 
1992 until November 1993. There were 2283 
males and 6 females. The mean age was 28-1 
(standard deviation (SD) 7-4 years; range 
17-52). The mean stay was 5-1 months (SD 
1-1 month; range 0-5-9-4). 

We received 1885 (82%) valid question
naires that were used for analysis. The 
answer-rates per battalion were 703 (93%), 
513 (68%) and 669 (86%) respectively. The 
lower response in the second group was due 
to the fact that one company did not get the 
questionnaire because of logistical problems. 
If we were to subtract the number of people in 
this company (n = 130) the answer rate in the 
second battalion would have been 83%. The 
age-distribution in this company was the same 
as in the others. Of the respondents (48%) 
preferred to spend their R&R in The 
Netherlands. The other part took their leave 
in South East Asia. 

Table 2 Predictors of inconsistent condom use' among 842 Dutch troops during their stay 
in south east Asia 

VanabU 

Age 
< 20 years 
20-29 years 
30-39 years 
^ 40 years 

Steady sex partner! 
Yes 
No 

Battalion 
first 
second 
third 

Frequency of contact 
1-3 times 
4-6 times 
> 6 times 

95?-; 
confide,. 

0-34-1-67 
0 51-2 83 
0 88-7-77 

0 3 5 - 1 1 2 
0 59-1-58 

0-91-3 54 
1-35-3-93 

' N o n use included 
fAvailable only in second and third banahc 

SEXUAL BEHAVIOUR 

From the 1885 persons who handed in the 
questionnaire, 842 (45%) reported sexual 
contacts during the deployment, of whom 301 
persons (36%) had one to three contacts and 
541 persons (64%) had four or more contacts. 
In the first battalion 276 persons (39%) 
reported having had sexual contact while in 
the other two battalions this was 248 (48%) 
and 318 (47%) respectively. Univariate analy
sis showed that being younger, not having a 
steady "sex" partner at home and being in the 
second or third battalion were significant!) 
and positively associated with having had sex
ual contacts (table 1). Multivariate analysis 
showed that only the first two variables were 
independent risk factors. In the group report
ing sexual contacts (n = 842) we found that in 
total 750 persons (89-1%) reported use of 
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SEXUAL BEHAVIOUR AND SEXUALLY TRANSMITTED DISEASES 

Table 3 Predictors of condom failur 
east Asia 

among 832 Dutch troops during their stay in south 

95% 
Total Co n Jij/n Odds confidence 

t unable number failu *(%) ratio intervals 

Age 

< 20 years 6 8 24 1 
20-29 vears 5 7 1 32 1-53 0 85-2 76 
30-39 years 164 2 8 1 27 0 66-2'44 
5:40 years 29 10 0-38 0 10-1-41 

Steady sex partner* 
Yes 2 8 7 32 1 
N o 2 5 5 3 5 1 1 5 

Battalion 
first 2 7 3 2 5 1 
second 2 4 6 3 3 i 51 1-03-2-21 
third 3 1 3 31 1 37 0-96-1-98 

Frequency of contact 
1-3 times 2 9 7 2 5 1 
4-6 times 1 4 8 32 1-40 0 91-2-17 
> 6 times 3 8 7 3 3 1 47 

Condom use 
consistent 7 5 0 2 7 1 
inconsistent 8 2 53 2 7 7 1-70^-52 

'Available only in second and third battalion 

No contact 
55% 

Incnsist. + fai lure 
14% 

Incnsist. + no 
fai lure 16% 

Protected 
contact 

2 9 % 

Figure Sexual behaviour in 1885 Dutch troops dunng their stay in South East Asi 

condoms during all contacts, 82 persons 
(9-7%) reported inconsistent use while 10 
persons (1-2%) reported to never have used 
condoms. There was no association between 
inconsistent (non use included) condom use 
and having a steady partner back home. 

Table 4 Reported nsk factor for STD in 842 Dutch troops during their stay in south east 
Asia 

Odds Confide ne e 
interval 

Consistent 
Consistent 
Inconsistent 
Inconsistent 
Never 

2407 
6 95 

5 58-106 44 
0 62-78 31 

] 303-311 84 
8-46-542 47 

Mopperus ßiona, V'eltink, van Ameijden, Tendeloo, Coutinho 

Significant risk factors for inconsistent con
dom use were being 40 years or older and a 
higher number of sexual contacts (table 2). In 
multivariate analysis both variables appeared 
independent and significant predictors. 

Concerning condom failure, we found that 
248 persons (30%) of those who used con
doms (n = 832) experienced failure. The 
strongest univariate risk factor for failure was 
inconsistent condom use. Furthermore, sig
nificant and positive risk factors were having 
had more than six sexual contacts and being 
in the second battalion (table 3). All these risk 
factors appeared independently related in 
multivariate analysis. 

Looking at the total population of 1885 
persons, 1043 (55%) reported not to have had 
sexual contacts. We found that in the group 
with sexual contacts (n = 842), 544 persons 
reported protected contact at all times. 
Unprotected contact was reported by 298 per
sons. In this group unprotected contact was 
due to failure despite consistent condom use 
(70%), no failure but inconsistent use (16%) 
or the combination failure and inconsistent 
use (14%) (fig). 

In the questionnaire 30 out of 1885 persons 
(1-6%) reported to have contracted an STD 
while in South East Asia. Urethral discharge 
was reported in 18 and genital ulceration in 
three cases. The remaining nine persons 
reported other STD five of which were 
pediculosis. Out of the group that reported 
not to have had sexual contact (n - 1043) no 
one reported an STD. 

From the 544 persons who reported pro
tected sexual contact at all times only two 
(0-4%) indicated an STD (both pediculosis). 
In the group reporting unprotected contacts 
(n = 298) 28 marines reported STD (9-4%). 
In univariate analysis inconsistent use of con
doms or consistent use with failures both 
proved to be risk factors for STD (table 4). 

In our patient database 43 cases of STD 
were registered, mostly from the second bat
talion. In the total population of 2289 persons 
the attack rate is 1-9%, being 1-4%, 3-5% and 
0-8% per successive battalion. Table 5 shows 
the numbers and types of diagnosed STD per 
battalion, indicating a majority of gonorrhoea 
and non gonococcal urethritis (31 cases). 
Genital ulceration was found in two syphilis 
patients and one genital herpes patient. All 
pediculosis cases could be traced back to one 
location (a brothel in Phnom Penh). 

Table 5 Sexually transmitted diseases in 2289 Dutch iroops during their stay in south 
cast Asia * 

Gonorrhoea 
Non gonococcal urethritis 
Syphilis 
Herpes genitalis 
Genital warts 
Pediculosis pubis 
Scabies 

'As entered into the patient recording database (Otello) June 1992-N"o' 

Discussion 
The main finding in this study is the low STD 
rate (1*9%), even though the percentage of 
reported sexual contacts (45%) was consider
able. The reported consistent condom use 
was high (89%.) but the overall failure rate 
(30%) in this group gives cause for concern. 

During the past few years the number of 
UN missions has increased rapidly and the 
troops involved are exposed to several health 
hazards including STD. Over the years studies 
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report high incidence for STD among military 
personnel, in particular when serving away 
from home and family under stressful circum
stances. During the Boer war the STD inci
dence among British troops was more than 
50%3 while after leaves in Paris during the 
first world war a 20% STD incidence was 
reported.6 A Dutch study in The Netherlands 
Navy dating back to 1918 mentions an STD 
attack rate of 37% among naval personnel sta
tioned in the former Dutch East Indies in 
1913.' In that same area over a 3 year period in 
the late forties a case rate of 16% was found 
among Dutch army troops.8 Australian troops 
in Vietnam showed an STD incidence of 
27%.* An American study among naval per
sonnel and marines during trips to South 
America, West Africa and the Mediterranean 
during 1989-1991 found that 10% acquired a 
new STD.lu In a British Military Hospital in 
the tropics investigators found an incidence 
rate of 56 558 per 100 000 over one calendar 
year.11 The best comparable study we found 
was among French troops stationed in 
Cambodia in 1992. They found an attack rate 
of 4'9% (16/326) over a 6 month period.12 

We have no real explanation for the higher 
STD incidence in the second battalion. They 
received the same education and the working 
conditions were similar. Although they stayed a 
few weeks longer and had one extra short 
leave compared with the other two battalions, 
the occurrence of STD did not increase 
toward the end of their stay. They showed a 
higher condom failure rate but on the other 
hand inconsistent condom use was lower. 

We ascribe our low STD incidence to the 
high consistent and overall condom use 
(98-8%) among the study population. It is 
possible that risk behaviour was under-
reported but the low STD incidence in our 
troops supports the reported use of condoms. 
The American study, mentioned earlier, 
repons an overall condom use of 93%,10 while 
in the British Military Hospital population 
70% stated that they did not normally use a 
condom." We think that free distribution of 
condoms and education attributed to the high 
overall condom use. We took along 24 000 
latex condoms of which only a small number 
was left at the end of the deployment period. 
Based on the information gathered from the 
questionnaire, our estimate on the number of 
sexual contacts in the total study population 
lies between 4000 and 7000. 

Both our education before deployment and 
the sexual health promotion, given to risk 
groups and most secondary schools over the 
last few years in The Netherlands will have 
contributed to the high condom use. It fits our 
finding of inconsistent condom use in the age 
group over 40 years. Finally we realise that 
our study was conducted at a time of 
increased awareness m regard to the HIV 
threat in South East Asia. All personnel had 
the opportunity to undergo an HIV test vol

untarily and we know that about half our pop
ulation took the test. For legal reasons the 
results were confidential and not stored in 
medical records. As far as we know no one 
was found to be HIV positive. 

Although the use of condoms was high we 
found the failure rate (30%) considerable. 
One American study showed a failure rate of 
27%13 and a British study showed an even 
higher percentage of condoms splitting or 
slipping off (40%).N However, both studies 
show results found among STD clinic visitors. 
We cannot explain the failure rate in our pop
ulation since questions on reasons for failure 
were not included in the questionnaire. One 
explanation for failure in our population could 
be the lack of demonstrations on correct con
dom use during education on prevention of 
STD. The medical service and the troops 
themselves thought that this was generally 
known. Especially in the younger age groups 
condom use was supposed to be known 
because of the sexual health education pro
grammes in our country. In future deploy
ments we will pay more attention to the 
prevention of failure, since consistent condom 
use alone is not enough to minimise STD. 
Our findings indicate that certain groups need 
extra attention. 

In conclusion this study shows that with 
proper education and freely obtainable con
doms the risk for acquiring STD among mili
tary personnel during deployments can be 
minimised. More attention must be paid to 
the prevention of condom failure. 

We thank Dr A Leenrvaar-Kui]pers for her advice and assis
tance in setting up the questionnaire and the medical personnel 
at the Marine barracks in Doom, without whose support this 
project would not have been possible. 
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INTRODUCTION 

The discussions of the individual studies contained the initial comments on our 

findings and some lessons identified but were limited in their suggestions for future 

policy. The latter element will be discussed in this chapter. The true value of our 

studies should be in these improvements in policy which are especially beneficial for 

the troops involved. In this respect it should be noticed that medical surveillance 

and preventive medicine recently received much attention in the military.' The 

changes in military operations provided the explanation: health support in the cold 

war era predominantly focused on trauma and nuclear threat, but the recent peace 

support operations required much more attention for infectious diseases and non-

battle related injuries such as traffic accidents. Consequently this chapter deals with 

surveillance and preventive measures. It starts with the definition and applications 

of surveillance followed by an evaluation of the surveillance in Cambodia and our 

suggestions for improvements in future operations. After this it covers some topics 

on preventive medicine concentrating on malaria chemoprophylaxis, immunisation 

policy and STD prevention. Finally the recommendations are recapitulated in a 

concluding paragraph. 

MEDICAL SURVEILLANCE 

Definition and applications 

Before starting the evaluation of the surveillance in Cambodia and the suggestions 

for future operations it should be clear what we mean by surveillance and how we 

see its applications. According to the "Dictionary of Epidemiology" surveillance in 

general terms should comprise: "continuous analysis, interpretation, and feedback 

of systematically collected data, generally using methods distinguished by their 

practicality, uniformity, and rapidity rather than by accuracy or completeness. By 

observing trends in time, place, and persons, changes can be observed or anticipated 

and appropriate action, including investigative or control measures can be taken. 

Sources of data may relate directly to disease or to factors influencing disease. Thus 

they may include (1) mortality and morbidity reports; (2) laboratory diagnoses; (3) 

outbreak reports; (4) vaccine utilisation- uptake and side effects; (5) sickness absence 
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records; (6) disease determinants such as biological changes in agents, vectors, or 

reservoirs; (7) susceptibility to disease, as by skin testing (e.g. tuberculosis) or 

serological surveillance (e.g. serum banks)".2 This definition stresses the much wider 

and active scope of surveillance than solely morbidity and mortality registration. 

The listed data collections also form the basis for observational studies, so it is 

obvious that a close relation between surveillance and this type of research exists. 

Finally it provides a useful guideline to check how we managed in Cambodia and for 

suggestions on improvements. 

Lets expand on the applications by trying to answer the question why surveillance 

and consequent research form an important part of military deployments? There are 

several answers to this question: first of all surveillance is an important tool for the 

command and control of any military health support organisation. The outcomes 

provide the medical services with valuable information that can be used in different 

ways. For example it could provide medical personnel in the field with trends on the 

(in)effectiveness of preventive measures, the success of therapeutic interventions 

and data for medical risk assessment. Secondly it offers the medical services the 

opportunity to provide others, such as military commanders and personnel officers, 

with information on morbidity, non-availability and risk assessment. Thirdly the 

results from surveillance can be used afterwards for deployment evaluation and 

future planning by military and medical staffs. Finally it is important to notice the 

increasing demands from either medical or political sides to quantify and qualify the 

health support during deployments. Most Western nations have proposed that the 

medical care during peace support operations should be similar or comparable to 

that received under peacetime conditions in the home nation.3 '4 Op t imum medical 

care under all operational military circumstances is considered to be part of an 

appropriate personnel policy. Therefore adequate surveillance may well assist in 

answering any questions that occur dur ing or after a deployment. These 

considerations are increasingly important for the individual soldier, the medical 

services and the employer i.e. the government. 

Surveillance in Cambodia 

This section discusses the experiences with the surveillance in Cambodia. First of all 

we collected morbidity and mortality reports and produced sickness absence 
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records. It was an advantage that the medical personnel were already trained to 

collect data on morbidity and non-availability, because this was and still is routine 

in the Dutch Navy and Marine Corps. The ICD codes5 were well known and the 

surveillance system using portable computers and hard copy back-ups seemed to 

have worked well in Cambodia. An additional advantage was the fact that the 

Otello® registration was derived from the regular registration system. 

Another positive factor of the morbidity registration in Cambodia was our choice to 

collect the data from the individual consultations in the Company Aid Posts (CAP). 

This was in contrast to other studies which collected their data from hospital 

admissions.6 '7 Our reason for registration at CAP level was that we were looking for 

what happened among the entire study population in the field. For example 

travellers diarrhoea and prickly heat were among the most frequent diagnoses and 

caused most lost men days in Cambodia. This would never have been captured by a 

hospital admission registration. The indications for admission to hospital and the 

number of days in the hospital have changed considerably over time because of 

improved treatment and evacuation policies. There would not have been much 

information from the Cambodia deployment if we had decided to register at 

hospital level. However a problem for the registration at CAP level was the 

(in)accuracy of the diagnoses because they were often based on symptoms without 

further laboratory confirmation. 

Other critical remarks about our surveillance comprise the late availability of the 

Otello® system and the little training and introduction that could be given. This 

was dictated by the time constraints during the pre-deployment phase. Furthermore 

the system proved to be limited in the provision of information concerning job 

description, working conditions and results of therapy. Another remark could be 

made about the decision to stop the Otello® registration just after return to The 

Netherlands. From that moment on consultations were registered in the regular 

morbidity registration, which proved to be unsuitable for our detailed demands. The 

only disease that we could trace in detail after return was malaria; all cases after 

return were examined in close co-operation with Dr. van Thiel of the Division of 

Infectious Diseases, Tropical Medicine, and AIDS of the Academic Medical Center, 

Amsterdam, The Netherlands.8 Unfortunately we missed a similar post-deployment 

registration for amoebic dysentery. We only have an incomplete impression mainly 
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based on anecdotal reports. Post-deployment registration was not included as a study 

objective. It would have been difficult to continue with the detailed Otello® 

registration after return, because most personnel (including medical) were sent to 

new assignments or even left the services. Moreover it would have been difficult to 

decide when to stop the detailed registration, because some diseases such as amoebic 

dysentery have long incubation periods. So far our remarks have been about 

morbidity registration, lets return to some other aspects of surveillance. 

First the blood sampling: it was the policy of the Naval Medical Service to collect 

pre-and post-deployment blood samples, which were stored as frozen sera. The 

rationale was to collect baseline and post-deployment information in case of 

unexpected disease. For our studies we used these samples for hepatitis A antibody 

testing and the determination of mefloquine concentrations. This resulted in 

prevalence data for the hepatitis A immunisation studies and in information 

concerning mefloquine resistance. Secondly we recorded the vaccination utilisation, 

partially studied the uptake (interference study on hepatitis A), but did not study 

side effects during and after the administration. This item deserves closer attention 

in future operations. Finally the Medical Service performed pre- and post-

deployment screening for tuberculosis by using either skin tests or X-rays. The results 

are not included in this thesis, but as far as we know no tuberculosis cases occurred 

from Cambodia. 

An area for concern was the lack of laboratory facilities on site. When possible 

diagnoses were confirmed by microscopic examination in the field, but the medical 

facilities in Cambodia had no possibilities for culturing or serological testing. It was 

not part of the equipment for the company sickbays nor was it envisaged in the field 

hospital because this was first of all set up as a facility for life and limb saving surgery 

and not as a research unit. Initially there was no plan for culturing or serology but 

ad hoc arrangements were set up to send samples to The Netherlands or to AFRIMS 

in Bangkok, Thailand. This was done in individual cases but it proved to be 

impractical and difficult to support a surveillance system. Due to this lack of 

laboratory confirmation we would have been unable to produce outbreak reports at 

short notice. In addition we would have been very limited in possibilities for 

research on the determinants of disease such as biological changes in agent, vectors, 

or reservoirs. 
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Fortunately no major outbreaks appeared in Cambodia, but this could have caused 

major problems. 

Finally some comments on the post-deployment questionnaires. They are not 

specifically mentioned in the definition of surveillance but they provided us with 

valuable additional information on the morbidity in Cambodia. Two aspects deserve 

closer attention: first they were anonymous questionnaires which excluded the 

possibility to link the information with the Otello® registration. If we had done the 

latter this would certainly have caused concerns about the privacy. Secondly we 

handed out these questionnaires during the post-deployment medical screening. 

The questions however referred to matters which happened during the deployment, 

so it is questionable if the respondents could still remember all the facts and 

circumstances. This may have introduced some recall bias. 

In conclusion, referring to the definition of surveillance, given the limited 

preparation time and inexperience, I think we did well in Cambodia. Despite some 

shortfalls much information that proved beneficial during and after the deployment 

has been collected. It is therefore important that surveillance and, if indicated, 

consequent research become integral parts of a health support plan for overseas 

operations. However there is place for improvement and some restrictions apply. 

This will be discussed in the next paragraph. 

Recommendations for medical surveillance 

Based on the experiences from the surveillance in Cambodia there are several items 

that could be improved for future operations. In this respect it should be noticed 

that surveillance got much attention lately. A multinational effort for surveillance 

exists in the EPI-NATO system, which is in use in Bosnia. Furthermore there are 

national initiatives such as the US Defense Global Emerging Infections Surveillance 

& Response System (DoD-GEIS). Finally Military Medicine recently published an 

interesting paper on the current need for surveillance in the military.1 

The first issue concerns the availability of a surveillance system in general. Because 

of the general inexperience we had to develop the system just before the Cambodia 

deployment under great time constraints. Here some suggestions for future 

operations: ideally the surveillance system should be a modular extension of the 

existing health care registration system. This would create a situation where much 
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more information such as immunisation status and medical history would be 

available. It needs to be easily transportable, computerised and preferably able to 

communicate under all operational circumstances. Therefore it should use portable 

computers (as we already did in Cambodia) and communication facilities. However 

the possibility of computer and communication failures under field conditions 

should not be underestimated. Finally the system should be secure for operational 

and privacy reasons. 

In terms of data collection the morbidity registration did well but it should be 

refined. The Otello® system was based on individual consultations and ICD codes. 

These were correct choices but more attention should be paid to information that 

is traceable to unit level, specific functions and environmental conditions. This 

would increase the possibility to find (alarming) trends during the operation or 

afterwards as part of the deployment evaluation. 

The financial consequences are probably the most decisive in the current arena of 

budget cuts. This could be another reason why it should be linked to the existing 

health care registration system, because it probably saves money. For this same 

reason regular medical personnel should run it, because the availability of 

specialised personnel for this task is unlikely and would be inefficient. This also 

implies that surveillance could be performed during any military operation as long 

as medical personnel are involved. 

After these general remarks some specific comments on the surveillance in 

Cambodia which, because of the tropical conditions, had a great emphasis on 

infectious diseases. As already mentioned the laboratory capabilities were too 

limited. There were also restrictions in the ability to perform any research on the 

determinants of disease such as biological changes in agent, vectors, or reservoirs. It 

is therefore important to study the improvements on the possibilities for laboratory 

diagnoses in the field. Because of the specific circumstances this should concentrate 

on simple diagnostic tests. They do for example exist for malaria.9 Despite the 

undisputed value of the microscope they could add to the quality of care and the 

surveillance. In addition we should already during the planning phase consider how 

to organise culturing and serological testing. This is important not only for the 

individual patient but also for the outbreak control measures. However it should be 

kept in mind that in the Netherlands Navy these tasks are done by regular medical 
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personnel and not by trained medical laboratory staff. Therefore military medical 

personnel should be trained in outbreak control measures. This already exists in the 

Tropical and Infectious Diseases Course for military doctors in the Academic 

Medical Center, Amsterdam, The Netherlands. 

A related issue was the blood collection before and after the deployment; it has been 

used for hepatitis A antibody testing and the determination of mefloquine 

concentra t ions . Both were practical applications, which provided valuable 

information for all involved. Fortunately no major outbreaks occurred during the 

deployment so there was no further need for serological testing. However this could 

have been different in which case the blood samples could have been very helpful. 

This also applies for additional research in case of health problems after return. The 

blood collection before and after major deployments should therefore be considered 

as a routine measure. 

Finally the questionnaires, which added useful information to the surveillance and 

were very helpful for the research. We decided on anonymous questionnaires, which 

may well explain the high response rates. Next time these questionnaires should be 

used during deployments at regular intervals instead of the single option during the 

post deployment examinations. Apart from the timing we also need to reconsider 

the questions, many of which can be done in template form independent of a 

specific deployment . These measures could improve the surveillance and 

consequent research. 

In conclusion there are many lessons identified from the surveillance in Cambodia 

which could lead to improvements for future operations. The main point however 

is that medical services and medical personnel are fully aware of their tasks and 

responsibilities in this respect. Surveillance will play an increasing role in the future, 

because of the increasing demands on health support before, during and after 

military deployments. Medical surveillance and, if indicated, consequent research 

should therefore form integral parts of any military health support plan. 
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PREVENTIVE MEDICINE ISSUES 

Malaria prevention 

The malaria prevention for the Cambodia deployment was based on two elements. 

The personal protective measures such as the use of impregnated bed nets, long 

sleeves and trousers between dusk and dawn, and insect repellents formed the first 

and non-controversial part. The personal protective measures seemed well accepted 

but it is hard to estimate their effectiveness because the troops were simultaneously 

taking mefloquine prophylaxis and there were also different risks for mosquito bites 

depending on location and type of work. The long sleeves and trousers and bed nets 

must have minimised the exposed body surface but limiting factors for insect 

repellents existed in the unknown effective time and the ever increasing 

concentration that was required to remain effective. However some studies showed 

the beneficial effects of the insect repellents and bed nets.1 0 1 2 

By far the most controversial part of the malaria prevention policy was the choice 

for malaria chemoprophylaxis. This remained a hot issue before, during and after 

the deployment. Let me try to sketch the situation by using these three different 

periods. The choice for malaria chemoprophylaxis in the pre-deployment phase was 

dominated by the existence of multi-resistant malaria in the area of operations.13 

The only two options were weekly mefloquine (250 mg) or daily doxycycline (100 

mg). The Medical Service of the Royal Netherlands Navy preferred mefloquine 

because of the lower expected side effects and better compliance with a weekly 

regimen. It is difficult to judge our experiences with mefloquine during the 

Cambodia deployment. We registered seven consultations for serious problems 

attributed to malaria chemoprophylaxis and we learned from the questionnaires that 

30% experienced some kind of problem which could be attributed to the use of 

mefloquine.8 However the main problem for an adequate interpretation remained 

the absence of a control group. 

The post-deployment period was characterised by a continuing debate on the 

acceptance and safety of mefloquine. Some studies raised concerns14 '15 where as 

others supported the choice for mefloquine.1 6 2 0 In the mean time the indications 

for mefloquine have increased and an advice on a pre-travel dose to check for 

adverse events has been introduced.21 There were also studies in support of 
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doxycycline.22-23 O h r t et al. showed high effectiveness for both regimens.24 Despite 

all this it is obvious that in case of multi-resistant malaria we are running out of 

alternatives. 

So what should be the future policy for the malaria chemoprophylaxis. First of all it 

is clear that advice on malaria chemoprophylaxis should be tailored to the specific 

risk area. Nevertheless it remains quite likely that we end up with different options 

for malaria chemoprophylaxis. Despite the advantages of a single policy my 

suggestion for the Dutch military is to accept alternative individual choices. 

Compliance to malaria chemoprophylaxis is probably as important as the choice 

itself. It is obvious that there have been great differences in individual acceptance of 

mefloquine in Cambodia. A workable solution could therefore be advice for a 

preferred regimen together with one or more alternative options. It was my personal 

experience that there were no major problems with different chemoprophylaxis 

regimens during a US military exercise in Ivory Coast in 1995. There were also 

different policies among the US troops in Somalia in 1993-94-25-26 

Vaccination Policy 

It is obvious that the immunisations provided an important facet of the preventive 

medical policy. However the possibilities for research were limited because in 

principle all personnel received the same immunisations. We concentrated our 

research efforts on the inactivated hepatitis A vaccine, which had been introduced 

at the time of the deployment. We performed an interference study and a cost-

effectiveness analysis (Chapters 7 and 8). Based on the results it was possible to 

formulate some recommendations for the vaccination policy. In the economic 

evaluation study we concluded that the best option was to immunise all personnel 

bound for a deployment without prior screening. However in principle all personnel 

should be available for operational deployments, so maybe we should have 

recommended to immunise all personnel routinely with the inactivated hepatitis A 

vaccine without prior screening. 

There are more reasons to support such a policy. The first one is the fact that the 

hepatitis A vaccination proved to be on the immunisation list for all deployments so 

far. Hepatitis A is still a wide spread disease; the recovery will usually take several 

weeks.27 Secondly the interference study offered additional thoughts to support 
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routine vaccination for hepatitis A. The results showed sufficient but somewhat 

disappointing hepatitis A antibody titres after the immunisations. There were 

indications that this could have been caused by the competition for appropriate 

injection sites on the body.28 Routine hepatitis A vaccination at an earlier stage 

could as such minimise the number of specific required immunisations before a 

deployment. These arguments support the choice for a routine hepatitis A 

immunisation for all military personnel. In the mean time it became clear that the 

Dutch Military will integrate the combined hepatitis A 6k B immunisation as part 

of the routine vaccination schedule.29 

Sexually Transmitted Diseases 

The consequences for policy concerning the prevention of sexually transmitted 

diseases look quite clear: our policy of pre-deployment briefing and free distribution 

of condoms seemed to have paid off and should therefore be continued. According 

to others our study "provided the valuable lesson that consistent condom use, 

reinforced by pre-deployment briefing on sexual risk behaviour and STDs, in 

particular the risk of HIV transmission, can keep the STD infection rate under 

2% ".30 Moreover several studies among deployed military personnel proved that 

sexual behaviour during operational circumstances did not really change over the 

years.31'36 It seems therefore more realistic to concentrate on a safe sex policy rather 

than to aim for sexual abstinence. A negative effect of this policy could well be in 

the unwanted attention. In this respect an example already exists in the incomplete 

use of our study results by several newspapers. 

Another issue from our STD study was the attention that should be paid to the 

prevention of condom failure. At first thought it seems logical to introduce 

demonstrations on correct condom use, but I am afraid that the explanation for 

condom failure in our population is more complex. For example it is well possible 

that alcohol intake during the R & R leave played a crucial role in the high condom 

failure rate. We did not ask for reasons for failure in our questionnaire so this is an 

example of where we could adapt our questionnaires. 

Finally it should be realised that the whole issue of STD prevention is nowadays 

dominated by the risk of HIV infection. It is therefore regrettable that in contrast to 

other nations we were unable to study this issue.37 However with or without further 
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research maximum efforts should be maintained to minimise the STD risks in 

general and HIV-infection in particular. 

CONCLUSION 

This concludes the general discussion for this thesis. I would like to summarise the 

main recommendations. First those on surveillance: this should be a fully integrated 

part of any significant military operation. Surveillance and consequent research will 

play an increasing role, because of the increasing demands on health support before, 

during and after military deployments. The medical services and medical personnel 

should be fully aware of their tasks and responsibilities in this respect. 

Next the recommendations for preventive strategies in the future. Compliance to 

the malaria chemoprophylaxis is the key factor for a successful anti-malaria policy. 

The introduction of a preferred choice together with one or two alternatives could 

well improve the acceptance and as such the compliance to the malaria 

chemoprophylaxis. Furthermore the hepatitis A immunisation should become part 

of the routine vaccination schedule in the military. Finally we should continue our 

STD prevention policy which aims for consistent and adequate condom use. These 

preventive recommendations are based on the findings from our studies. All these 

recommendations once more prove how medical surveillance and research can be 

beneficial for the daily practice of military medicine. 
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SUMMARY 

This thesis concentrates on epidemiological studies on morbidity and preventive 

strategies during a peace support operation. They were conducted among 3 Dutch 

Marine battalions, who served for the United Nations in Cambodia from June 1992 

until October 1993. 

Chapter I forms the introduction providing information on the characteristics of the 

study population and the study methods. The study data came from a morbidity 

surveillance system, post-deployment questionnaires and blood samples. 

Chapter 2 gives an overview on the influence of infectious diseases and preventive 

medicine in military history. It illustrates the great impact of infectious diseases on 

military operations from antiquity until the recent peace support operations. The 

overview also shows the major improvements in the prevention and treatment of 

infectious diseases over the years but stresses the need for continuous alertness. 

The results of the morbidity surveillance among the troops while in Cambodia are 

the theme for chapter 3. We recorded 4,036 consultations from 1,356 persons 

(59.4% of the study population) leading to 3,562 diagnoses and 392 different 

diagnostic codes. Most diagnoses occurred in tropical disorders (24.8%), 

musculoskeletal disorders and injuries (23.9%), and dermatological disorders 

(22.7%). Risk factors for morbidity were: being in Battalion 1 and in lower military 

ranks. There were 3,468 lost working days (0 .91% of the total number of days in 

Cambodia), predominantly caused by musculoskeletal disorders and injuries 

(35.1%), tropical disorders (29.7%), and dermatological disorders (18.1%). Risk 

factors for lost working days were: being in battalion 1, of younger age, and in lower 

ranks. Most lost working days occurred during the second month of each 

deployment. The main conclusion was that, despite many consultations, the overall 

morbidity and consequent lost working days remained low. 

Chapter 4 provides the results of mefloquine as long-term malaria chemoprophylaxis. 

Full compliance with the chemoprophylaxis regimen was reported by 86 .3%. 

Possible mefloquine related adverse events were reported by 30.2%. Most adverse 
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events were mild, 7 persons (0.3%) consulted the medical service for serious 

problems. However overall 64 malaria infections were diagnosed in 59 marines, the 

majority (n=43) from one location (Sok San). During deployment 31 P.falciparum 

and no P.vivax infections occurred; after return to The Netherlands 11 persons were 

diagnosed with P.falciparum and 22 with P.vivax malaria. Mefloquine resistance was 

demonstrated in 4 Dutch patients while 7 parasite isolates of Khmer patients 

showed a range of sensitivity. The results showed that king-term mefloquine 

chemoprophylaxis was well tolerated but that its effectiveness was incomplete. 

In chapter 5 we concentrate on the experiences with mefloquine during the 

deployment of the third battalion. In 73 volunteers possible mefloquine related side 

effects were monitored with special emphasis on QT-prolongation on the ECG. 

Possible related adverse events were spontaneously reported by one (1.4%) and three 

(4.1%) persons after one and three months of mefloquine use. Specific questioning 

at the same time points revealed adverse events in nine (12.3%) and five (6.9%) 

persons respectively. After 3 months the heart rate at rest and the total white blood 

cell count were both lower (P<0.05). The mean QTc-interval was longer and the liver 

transaminases had increased (P<0.05), although both were still in range. There was 

no need to stop the chemoprophylaxis in any of the participants. Finally no 

accumulation of mefloquine in serum occurred and no relation was observed 

between the incidence of possible adverse events and serum mefloquine 

concentrations. 

In chapter 6 we describe the comparison of whole blood and serum levels of 

mefloquine and its carboxylic acid metabolite. The concentrations were measured 

in 86 post-deployment blood samples. The mefloquine concentration in serum was 

significantly greater than in whole blood (P<0.00001) with an overall mean ratio of 

1.28. The same applied for the metabolite (P<0.00001) with an overall mean ratio 

of 2.25. These findings were similar to studies reporting on plasma to whole blood 

level comparisons. Furthermore we found significant differences in the within-

individual metabolite-mefloquine ratios in serum and whole blood (P<0.00001). 

These findings should assist in the appropriate interpretation of studies on 

mefloquine therapy or chemoprophylaxis. 
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In chapter 7 we study the immunogenicity of the inactivated hepatitis A vaccine as 

part of an extensive vaccination schedule. Battalion 1 received an inactivated 

hepatitis A vaccine simultaneously with several other vaccines. Hepatitis A 

antibodies were determined before and after the booster vaccination, using 2 

laboratory tests (modified HAVAB and SBB-ELISA). After 8 months (before the 

booster vaccination), 52% (modified HAVAB) and 8 1 % (SBB-ELISA) had 

seroconverted. Risk factors for non-seroconversion were: increasing age and a 

typhoid vaccination. After 11 months (after the booster vaccination), 97.6% 

(modified HAVAB) and 100% (SBB-ELISA) had seroconverted. We concluded that 

the non-seroconversion after 8 months was remarkably high and found the SBB-

ELISA to be more sensitive in lower titre ranges. 

In chapter 8 we perform an economic evaluation of hepatitis A vaccination regimes 

after we had formulated our base line data. Passive immunisation and two active 

vaccination strategies (with and without prior screening) were compared to "doing 

nothing". Screening before vaccination was identified as appropriate at a hepatitis A 

antibody prevalence >20%; we found a prevalence of 14%. Passive immunisation 

turned out to be the cheapest prevention for a single 6-month deployment per 10 

years. The inactivated 1440 ELISA Units vaccine without prior screening was 

identified as the best option for more frequent deployments. It proved to be cost 

saving with more than 2 missions per 10 years. A 5.3% hepatitis A attack rate during 

a deployment also validated the investment for this policy. Our conclusion was that 

immunisation with the inactivated vaccine without prior screening proved to be the 

optimum strategy for troops at regular risk. 

Chapter 9 comprises our findings on sexual behaviour and sexually transmitted 

diseases (STD) during the deployment. For this study we used the post-deployment 

questionnaires and the morbidity surveillance data. From the 8 2 % who handed in 

the questionnaire, 4 5 % reported to have had sexual contacts with prostitutes or 

local population. Being younger and single were independent risk factors for having 

sexual contact. Condom use at all times was reported by 89 .1%, inconsistent use by 

9.7% and non-use at all by 1.2%. Risk factors for inconsistent and non-use were: 

being > 40 years of age and higher number of contacts. Condom failure was 
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reported by 30%. Risk factors for failure were: inconsistent condom use, having had 

> 6 contacts and being in battalion 2. We registered 43 STD cases (1.9% of the study 

population). In conclusion we found a low STD incidence despite a considerable 

number of reported sexual contacts. The reported condom use was high but the 

failure rate caused concern. 

The general discussion (Chapter 10) discusses the consequences of our findings for 

future policy. It concentrates on two elements: the medical surveillance and some 

issues on preventive medicine. The morbidity surveillance in Cambodia provided 

sufficient information for an appropriate evaluation of the deployment. However 

there is place for improvement: the registration system needs some refining and 

better laboratory facilities are required. 

Concerning the preventive medicine issues we would prefer a more individual policy 

for malaria chemoprophylaxis. We also recommend taking up the inactivated 

hepatitis A vaccine in the routine immunisation programme. Finally, based on the 

results of preventive policy for sexual transmitted diseases, our advice is to continue 

the pre-deployment briefings and the free distribution of condoms. The policy 

should aim for consistent and adequate condom use. The final recommendation is 

that the military medical services and medical personnel should be fully aware of 

their tasks and responsibilities for medical surveillance and consequent research. 

SAMENVATTING 

Dit promotie onderzoek betreft een aantal epidemiologische studies aangaande de 

morbiditeit en preventieve maatregelen tijdens een zgn. "peace support operation". 

Het onderzoek vond plaats bij 3 mariniersbataljons tijdens een vredesmissie van de 

Verenigde Naties in Cambodja van juni 1992 tot oktober 1993. 

Hoofdstuk 1 vormt de inleiding en geeft een overzicht van de studiepopulatie 

inclusief de geneeskundige voorbereiding en ondersteuning. Tevens beschrijft het de 

studiemethoden die bestonden uit: een database voor ziekteregistratie, anonieme 

vragenlijsten na terugkeer in Nederland, en de standaard afgenomen bloedmonsters. 
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Hoofdstuk 2 geeft een overzicht van de (grote) rol die besmettelijke ziekten en 

preventieve geneeskunde door de militaire geschiedenis heen hebben gespeeld. Het 

illustreert enerzijds de grote invloed van infectieziekten op militaire operaties vanaf 

de antieke oudheid tot aan de recente vredesmissies. Het overzicht besteedt 

anderzijds aandacht aan de enorme vooruitgang die op het gebied van preventie is 

bereikt, maar roept op tot blijvende alertheid voor de naleving van de preventieve 

maatregelen. 

De morbiditeitsregistratie bij de bataljons tijdens het verblijf in Cambodja is het 

thema van hoofdstuk 3. Wij registreerden 4036 consulten van 1356 militairen (59,4% 

van de totale studiepopulatie) die leidden tot 3562 diagnoses verdeeld over 392 

verschillende diagnostische codes. De meeste diagnoses vielen onder de rubrieken 

tropische aandoeningen (24,8%), aandoeningen van het houdings- en 

bewegingsapparaat en verwondingen (23,9%), en huidklachten (22,7%). 

Risicofactoren voor ziekte waren: deelname aan het eerste bataljon en een lagere 

militaire rang. In totaal registreerden wij 3468 verzuimdagen, die vooral werden 

veroorzaakt door aandoeningen van het houdings- en bewegingsapparaat en 

verwondingen (35,1%), tropische aandoeningen (29,7%), en huidaandoeningen 

(18,1%). De risicofactoren voor verzuim bevonden zich wederom in deelname aan 

het eerste bataljon en een lagere rang maar bovendien in een jongere leeftijd. De 

meeste verzuimdagen vonden plaats tijdens de tweede maand van ieder bataljon. De 

belangrijkste bevindingen waren dat, ondanks het forse aantal consulten, de 

morbiditeit en het hieruit voortvloeiende ziekteverzuim gering zijn gebleven. 

De ervaring met mefloquine als langdurige malariaprofylaxe zijn beschreven in 

hoofdstuk 4. Volledige inname trouw werd door 86 ,3% van de ondervraagden 

gemeld, terwijl 30 ,2% aangaf veelal milde bijverschijnselen te hebben ondervonden, 

die mogelijk aan mefloquine konden worden toegeschteven. De ziekteregistratie liet 

zien dat 7 personen (0 ,3% van de studiepopulatie) de geneeskundige dienst 

bezochten vanwege ernstige potentiële bijwerkingen van mefloquine. In het totaal 

werden er 64 gevallen van malaria gediagnostiseerd bij 59 militairen; de overgrote 

meerderheid (43 gevallen) kwam vanuit de locatie Sok San. Tijdens het verblijf in 

Cambodja waren er 31 gevallen van P.Falciparum malaria en deed zich geen P.Vivax 
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malaria voor. Na terugkeer in Nederland werden nog eens 11 P.Falciparum en 22 

RVivax malaria gevallen vastgesteld. Wij konden mefloquine resistentie aantonen bij 

4 Nederlandse patiënten, terwijl 7 lokale patiënten verschillende resistentie 

patronen vertoonden. Deze resultaten toonden aan dat het langdurige mefloquine 

gebruik over het algemeen goed werd verdragen, maar dat de effectiviteit niet 

volledig was. 

Hoofdstuk 5 behandelt de ervaringen met mefloquine malariaprofylaxe tijdens het 3 e 

bataljon. Bij 73 vrijwilligers werden mogelijke mefloquine bijwerkingen geregistreerd 

met bijzondere nadruk op een geleidingsverlenging (QT-interval) op het 

elektrocardiogram. Mogelijke mefloquine bijwerkingen werden spontaan gemeld 

door 1 (1,4%) en 3 (4,1%) personen na respectievelijk 1 en 3 maanden mefloquine 

gebruik. Bij specifieke navraag op dezelfde tijdstippen bleken deze aantallen te 

stijgen tot respectievelijk 9 (12,3%) en 5 (6,9%). Na 3 maanden waren de hart 

frequentie en het totaal aantal witte bloedcellen beide significant lager (P<0.05). Het 

gemiddelde gecorrigeerde QT-interval was langer en de lever-transaminases bleken te 

zijn toegenomen (voor beide P<0.05), alhoewel deze waarden binnen de normale 

grenzen vielen. Er was nimmer aanleiding om het mefloquine gebruik te staken. 

Bovendien vond er geen accumulatie van mefloquine in het bloed plaats en bleek er 

geen relatie te bestaan tussen de mefloquine concentratie en de mogelijke 

bijwerkingen. 

In hoofdstuk 6 beschrijven wij de resultaten van de vergelijking tussen mefloquine en 

metaboliet bepalingen in vol bloed en serum van 86 bloed monsters die waren 

afgenomen na terugkeer in Nederland. De mefloquine concentratie in serum bleek 

significant hoger dan in vol bloed (P<0.00001) met een gemiddelde ratio van 1,28. 

Eenzelfde bevinding gold de vergelijking van de metaboliet (P<0.00001) met een 

gemiddelde ratio van 2,25. De bevindingen kwamen overeen met eerdere 

vergelijkingen tussen bepalingen in vol bloed en plasma. Verder stelden wij ook 

significante intra-individuele verschillen vast tussen de mefloquine/metaboliet 

ratio's in vol bloed en serum (P<0.00001). Deze resultaten zijn van belang voor een 

juiste interpretatie van studies over mefloquine therapie en profylaxe. 
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Hoofdstuk 7 handelt over the immunogeniciteit van een geïnactiveerd hepatitis A 

vaccin als onderdeel van een uitgebreid immunisatie schema. Het onderzoek vond 

plaats in het eerste bataljon. Wij bepaalden hepatitis A antilichamen voor en na de 

vaccinaties met behulp van 2 verschillende testen (modified HAVAB en SBB-

ELISA). Wij stelden de seroconversie na 8 maanden, voor de toediening van de 

derde vaccinatie, vast op respectievelijk 52% (modified HAVAB) en 8 1 % (SBB-

ELISA). Risicofactoren voor non-seroconversie waren: een hogere leeftijd en de 

gelijktijdige toediening van een tyfus vaccinatie. Na 11 maanden (na toediening van 

de derde vaccinatie), bleken de seroconversie percentages te zijn opgelopen tot 

97,6% (modified HAVAB) en 100% (SBB-ELISA). Onze conclusies luidden dat de 

non-seroconversie na 8 maanden opmerkelijk was en dat de SBB-ELISA test vooral 

in de lagere titers sensitiever was. 

In hoofdstuk 8 verrichten wij een economische evaluatie van verschillende hepatitis 

A vaccinatie strategieën op grond van een aantal uitgangspunten (zgn. baseline input 

data). Wij vergeleken passieve immunisatie en een tweetal actieve vaccinatie opties 

(beide met of zonder voorafgaande screening op hepatitis A antilichamen) met een 

beleid waarin niet gevaccineerd zou worden. Wij constateerden dat screening op 

hepatitis A antilichamen alleen zinvol was bij een hepatitis A antilichaam 

prevalentie >20%. In onze studie populatie bleek de prevalentie 14% te zijn. De 

passieve immunisatie was de goedkoopste optie voor een eenmalige uitzending van 

6 maanden per 10 jaar. Bij een hogere uitzendingsfrequentie bleek het gebruik van 

het geïnactiveerde 1440 ELISA Units vaccin zonder voorafgaande screening de beste 

optie. Het gebruik van dit vaccin was kostenbesparend vanaf 2 of meer uitzendingen 

per 10 jaar. Bij een hepatitis A incidentie van 5 ,3% tijdens een missie zouden de 

kosten voor de vaccinatie worden terug verdiend. Onze aanbeveling luidde dat 

immunisatie met het geïnactiveerde vaccin zonder voorafgaande screening op 

antilichamen de optimale vaccinatie keuze was voor troepen, die regelmatig 

besmettingsrisico lopen. 

Hoofdstuk 9 bevat de bevindingen aangaande seksueel gedrag en seksueel 

overdraagbare aandoeningen (SOA) tijdens de Cambodja operatie. De gegevens voor 

deze studie kwamen van de anonieme vragenlijsten en het ziekteregistratie systeem. 
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Van de 8 2 % die de vragenlijst indienden, gaf 4 5 % aan één of meerdere seksuele 

contacten met de lokale bevolking of prostituées te hebben gehad. Onafhankelijke 

risicofactoren voor seksueel contact werden gevonden in: een jongere leeftijd en het 

niet hebben van een vaste partner. Aangaande het condoomgebruik meldde 89 ,1% 

ze altijd, 9,7% ze af en toe, en 1,2% ze nooit te hebben gebruikt. Risicofactoren voor 

inconsistent en non-gebruik van condooms waren: een leeftijd van > 40 jaar en een 

hoger aantal seksuele contacten. Incorrect condoom gebruik werd door 30% 

aangegeven. De risicofactoren bestonden uit inconsistent of non-gebruik van 

condooms, het hebben gehad van > 6 contacten, en deelname aan het 2 e bataljon. 

Wij registreerden 43 SOA gevallen (1,9% van de studie populatie). Wij stelden vast 

dat ondanks een aanzienlijk aantal seksuele contacten het aantal SOA's gering is 

gebleven. Hoewel het gemelde condoomgebruik hoog was, verdient het incorrecte 

condoomgebruik verdere aandacht. 

De algemene discussie (hoofdstuk 10) beschrijft de gevolgen van onze bevindingen 

voor het beleid. Twee elementen worden nader uitgewerkt: de surveillance en enkele 

preventieve maatregelen. De surveillance in Cambodja heeft voldoende informatie 

opgeleverd om een indruk te krijgen van wat er zich in geneeskundig opzicht heeft 

afgespeeld. Maar er is zeker plaats voor verbetering: het registratiesysteem zou 

moeten worden verfijnd en er dienen betere laboratoriummogelijkheden te komen. 

Betreffende de preventieve maatregelen bepleiten wij ten eerste een meer 

individueel gericht malariaprofylaxe-beleid. Ten tweede zou het geïnactiveerde 

hepatitis A vaccin in het standaard vaccinatieschema moeten worden opgenomen. 

Ten derde adviseren wij het huidige SOA preventiebeleid, gebaseerd op voorlichting 

en vrije condoom verstrekking, voort te zetten. 

De laatste aanbeveling luidt dat de militair geneeskundige diensten en het militair 

geneeskundige personeel zich bewust dienen te zijn van hun verantwoordelijkheden 

en taken op het gebied van surveillance en navenant onderzoek. 
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DANKWOORD/ACKNOWLEDGEMENTS 

Tijdens het schrijven van dit proefschrift heb ik mij altijd verheugd op het 

dankwoord. Dit omdat het de afronding van de werkzaamheden zou betekenen 

maar ook omdat ik mij terdege heb beseft dat ik door vele mensen terzijde ben 

gestaan. Een promotieonderzoek bleek veel meer in te houden dan het louter 

produceren van artikelen. Naast het schrijfwerk vormde het vooral een periode 

waarin ik organiseerde, discussieerde, presenteerde, "netwerkte" en een aantal 

nieuwe vrienden heb mogen ontmoeten. Het is dan ook een bijzonder genoegen in 

dit dankwoord een aantal personen te kunnen noemen die een belangrijke rol 

hebben gespeeld bij de totstandkoming van dit proefschrift. 

In de eerste plaats dank ik alle mede-auteurs voor hun bijdragen aan de artikelen die 

uiteindelijk de basis voor dit promotieonderzoek hebben gevormd. Uw kritische op

en aanmerkingen heb ik altijd gewaardeerd en ze hebben mij steeds op scherp weten 

te houden. Een aantal mede-auteurs wil ik hier met name bedanken: 

Ron Veltink: ik beloof je dat ik je vanaf heden niet meer bij nacht en ontij zal 

bestoken met mijn vele soms absurde vragen. Ik heb grote bewondering voor de 

manier waarop je mijn aanvankelijk computeronbenul en incidenteel ongeduld hebt 

verdragen. Desondanks hoop ik dat ook jij met plezier terugkijkt op onze noeste 

arbeid. 

Hans Lobel: ik zal onze eerste ontmoeting in Aranyaprathet niet snel vergeten. Ik 

had toen nog geen idee van dit proefschrift, laat staan de vele contacten die nog 

zouden volgen. Sedertdien ben ik ervan overtuigd geraakt dat als wij het voor het 

zeggen zouden hebben, er geen problemen meer in de reizigersgeneeskunde zouden 

bestaan. Ik dank je voor de wijze raad en nuttige tips om met name de Amerikaanse 

tijdschriftenmarkt te kunnen veroveren. Je snelle en doortastende wijze van 

manuscript beoordeling zal mij zeker bijblijven. 

Chris Jaspers en Glenn Todd: het was mij een genoegen jullie tweede auteur te zijn. 

Dank voor het feit dat ik "jullie artikelen " in dit proefschrift heb mogen opnemen. 

Vervolgens heb ik veel medewerking vanuit de Koninklijke Marine mogen 

ondervinden, waarvoor ik een ieder dank. De Marine is voor mij nog steeds een 
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unieke organisatie, waarin ik met genoegen dien. De Geneeskundige Dienst is 

uiteraard het meest direct betrokken geweest bij mijn activiteiten. Het 

geneeskundige personeel dat in Cambodja heeft gediend bedank ik hierbij collectief 

voor de medewerking aan de verzameling van de gegevens. Wetenschap bedrijven 

onder operationele omstandigheden is geen sinecure, maar ik hoop dat dit 

proefschrift aantoont dat uw inspanningen ook iets hebben opgeleverd. De grote 

motor achter de start van dit proefschrift is de toenmalige Inspecteur 

Geneeskundige Dienst, Commandeur arts W.F. van Marion geweest. Friso, je 

vermaarde gedachtensprongen en ontembaar enthousiasme heb ik altijd als een 

uitdaging ervaren. Ik dank je voor de ruimte die ik kreeg om mijn ideeën en 

gedachten in dit onderzoek uit te kunnen werken. Vervolgens dien ik de rol van de 

huidige Inspecteur, de Kapitein ter zee arts E.H.D. Romswinckel te belichten. 

Diederik, jij moest mij een publicatieverbod aanzeggen, nadat goed bedoelde edoch 

onbereisde wetenschap de nationale kranten had gehaald. Ongetwijfeld door jouw 

toedoen bleek dit verbod van tijdelijke aard zodat het mij een genoegen is dit 

proefschrift in jouw periode te hebben afgerond. Ik dank je voor alle steun in de 

slotfase. Tevens dank ik de Kapiteins ter zee arts H.J. Hofkamp en G.J. Boer in hun 

rol als begeleider. Een belangrijk deel van dit proefschrift kwam tot stand tijdens 

mijn periode als HGOKM op het O C M G D te Hilversum. Ik dank de toenmalige 

commandanten, de kolonel ].P.C.M. Snoeks en de helaas overleden kolonel 

H.J. Slot voor hun bereidheid mijn regelmatige afwezigheid te accepteren. Het 

marinepersoneel uit die tijd dank ik voor de vele ondersteuning bij mijn 

promotiewerkzaamheden. Tot slot van dit Defensie kader dank ik Dieuwkje Dijkstra 

en Paulien Burema van de inmiddels opgeheven Interservice Medische Bibliotheek 

voor het langdurige en veelzijdige literatuuronderzoek. 

Na de Marine richt ik mij tot de "Amsterdamse Scene" en wel vooral tot de Divisie 

Volksgezondheid en Milieu van de Amsterdamse GG&.GD. Een aantal 

sleutelfiguren wil ik nader bespreken. 

Prof. dr. R.A. Cout inho: Roel, het moet voor jou apart geweest zijn mij als vreemde 

eend in de bijt op te nemen, maar het is jouw prestatie dat ik mij nooit als zodanig 

heb gevoeld. Dank voor je bereidheid als mijn promotor te willen optreden en voor 

de inwijding in de wetenschappelijke denkpatronen. Ik heb er veel van geleerd. 
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Dr. E.J.C, van Ameijden: Erik voor jou moet de schok zo mogelijk nog groter zijn 

geweest dan voor mij. Het was even wennen maar ik kijk terug op een bijzonder 

plezierige samenwerking. Ik bewonder je epidemiologische kennis en je geduld om 

mij het een en ander (steeds weer) uit te leggen. Dank voor je scherpe maar altijd 

positief kritische opstelling en je bereidheid als co-promotor op te willen treden. 

Ik kan het G G & G D kamp niet verlaten zonder ook Anne Leentvaar-Kuijpers, 

Gerard van Doornum en Willy Maruanaya te bedanken voor hun wezenlijke 

bijdragen aan de totstandkoming van dit proefschrift. Ter afsluiting van dit 

Amsterdamse deel richt ik mij tot de Nederlandse leden van de promotiecommissie. 

Ik dank u allen voor uw kritische beschouwing van mijn pennevruchten. 

This leads towards the international paragraph. First the members of the PhD 

committee. Colonel Patrick Kelley: our co-operation started several years ago in 

Acapulco. I have always appreciated your helicopter view on preventive medicine. I 

was surprised however to find out that you did so from a blind office in the Walter 

Reed Institute. Surgeon Commander Philip Raffaelli: our connection started in 

Northwood. Thank you very much for your scientific time. In addition I also valued 

the opportunities you offered me to improve my squash. I am looking forward to 

further co-operation with both of you. 

Next I would like to thank Surgeon Commodore N.E. Baldock for his continuous 

support during my period as Medical Plans Officer in the CINCEASTLANT staff. 

Your comments on my manuscript and corrections of my poor Queen's English have 

been much appreciated. I especially acknowledge your accommodating approach 

towards my Dutch interpretation of historical events. Finally I would like to thank 

Mr. Jake Jacob (CINCFLEET/NATO Graphics Office) for the cover design. 

Dit brengt mij tot de paranimfen. Het feit dat ik hiervoor twee Brabanders heb 

uitgenodigd heeft mijzelf achteraf verbaasd. Wellicht heeft mijn buitenlandse 

plaatsing aan deze nationale dwaling bijgedragen, maar ik geef toe dat de keuze 

bewust is gepleegd. 

Kapitein-luitenant ter zee van der Linde: Ad, onze gemeenschappelijke wetenschap 

bevindt zich op Moor Park. Dank voor je grote coulantie aldaar nadat ik nachtelijke 

arbeid had verricht, en je bereidheid om als paranimf voor deze non-combattant op 

129 



te willen treden. Ik heb grote waardering voor de ijver waarmee je hebt getracht je 

de beginselen van de infectiologie eigen te maken. 

Drs. van Thiel, internist: Pieter, de afgelopen jaren hebben wij veel samengewerkt, 

waar ik steeds van heb genoten. Diverse artikelen, presentaties en symposia 

passeerden de revue. Ik had je daarom op meerdere plaatsen in dit dankwoord 

kunnen beschrijven. Ik hoop dat onze samenwerking nog lang zal voortduren en 

dank je voor je grote inzet voor de Defensie-organisatie. 

In het kader van mijn landelijke dwalingen wil ik tenslotte ook graag de heer 

P.S. Sinninghe Damsté van FTP design vermelden. Pieter, een wezenlijk onderdeel 

van het proefschrift vormt het "drukken van het boekje". Jouw steun vanuit het 

Twentse land heb ik zeer gewaardeerd. 

Tenslotte dien ik nog enige familiaire zaken te regelen. Ten eerste dank ik mijn 

ouders voor de opvoeding die mij mede in staat stelde dit werkstuk af te ronden. 

Tijdens het schrijven van dit proefschrift heb ik vaak moeten denken aan het boek 

van mijn vader, dat hij door zijn overlijden helaas niet heeft kunnen afronden. Ook 

dank ik mijn schoonouders, die een letterlijk en figuurlijk steunpunt voor mij waren 

in Amsterdam. Bovendien kwam een belangrijk deel van dit proefschrift tot stand 

in uw "paleis aan de duinrand". Ik beloof u dat ik in de toekomst minder 

studiemateriaal naar Scharendijke zal meebrengen, hetgeen de bewegingsruimte en 

de tuin ongetwijfeld ten goede zal komen. 

Last but not least mijn gezin: Coen en Pieter, jullie vormden een belangrijke bron 

van inspiratie, met name op de momenten waarop ik mij afvroeg waarom ik eraan 

begonnen was. Een kort bezoek aan jullie slaapkamers bleek dan voldoende om de 

nachtelijke arbeid aan het proefschrift voort te zetten. Dank voor het feit dat jullie 

tot nu toe goede slapers zijn gebleken. 

Tenslotte mijn echtgenote: Albertine, zonder jouw inzet was dit proefschrift er nooit 

gekomen. Je hebt me door dik en dun gesteund en de mogelijkheid geboden om in 

de drukke en intensieve periode van ons gezinsleven met dit proefschrift door te 

gaan en het af te ronden. Ik dank je hiervoor en beloof je dat ik vanaf heden vroeger 

naar bed zal komen. 

Rickmansworth (UK), oktober 1998. 
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CURRICULUM VITAE 

De auteur van dit proefschrift werd op 8 april 1956 in Arnhem geboren. Het 

grootste deel van zijn jeugd bracht hij door in Amersfoort, waar hij in 1974 het 

eindexamen Gymnasium B ("eerste mammoetjaar") haalde. Aansluitend begon hij 

zijn studie geneeskunde als "bursaal" van de Koninklijke Marine (KM) aan de 

Rijksuniversiteit van Utrecht. Ondanks een actief studentenleven, vooral geboden 

door het lidmaatschap van het Utrechtsch Studenten Corps, studeerde hij zonder al 

te veel vertraging af. 

Hierna volgde de indiensttreding bij de KM, waar hij in 1982 begon bij de Sociaal 

Medische Dienst te Driehuis. Dit werd gevolgd door een plaatsing als scheepsarts, 

tevens stafarts eskader, a /b van Hr. Ms. Tromp (1984-85). Na plaatsingen als Officier 

belast met de Geneeskundige Dienst bij de van Ghentkazerne te Rotterdam (1985-

87) en de Marinekazerne Den Haag (1987-1990) volgde de benoeming tot Hoofd 

Geneeskundige Opleidingen KM bij het Ople id ingscent rum Militair 

Geneeskundige Dienst te Hilversum. In deze periode volgde hij de opleiding tot Arts 

Algemene Gezondheidszorg bij het NIPG-TNO te Leiden. In september 1995 was hij 

commandant van het Field Dressing Station op het eiland St. Maarten nadat dit was 

getroffen door "Hurricane Luis". 

Internationale ervaring deed hij op als Battlefield Advanced Trauma Life Support 

(BATLS) instructeur (UK/NL), als examinator bij de Society of Apothecaries of 

London voor "The Diploma in the Medical Care of Catastrophes" en als 

liaisonofficier bij 212 th MASH van de US Army tijdens een zgn. MEDFLAG 

Exercise in Ivoorkust. Voor dit laatste ontving hij de US Army Achievement Medal. 

Sedert augustus 1996 is hij geplaatst als Medical Plans Officer bij de NATO-staf van 

CINCEASTLANT/NAVNORTHWEST te Northwood (UK). Hij woont met zijn 

gezin (echtgenote en twee zonen) in Rickmansworth, Hertfordshire. 
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