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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. 
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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. 
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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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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 
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(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. 
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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. 
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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. 
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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 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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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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