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NOTE 

This treatise is presented in the form of a paper written for publication in the 

American Journal of Tropical Medicine and Hygiene with additional appendices. 

References for both the paper and the appendices are combined and can he found at 

the back of the treatise (page 43 - 49). 



ABSTRACT 

Whilst Ross River virus (RRV) has been described as endemic throughout Australia 

and Papua New Guinea, its status in surrounding areas is unknown. In 1999 refugees 

from East Timor were evacuated to Darwin, Australia. Serum samples from 603 of 

these individuals were collected upon arrival. 202 of these were subsequently tested 

for the presence of anti-RRV IgG antibodies using an ELISA kit manufactured by 

PANBIO. Of those tested 8.5% returned a seropositive result indicative of exposure 

to a Ross River - like virus. No significant relationship between seropositivity and 

age was established, however, of the sample group, females were 6.5 times more 

likely to be seropositive than males. Lack of other demographic details precluded 

further epidemiological analysis. Nevertheless this study shows that RRV or RRV-

like exposure occurs within East Timor. Due to the limited nature of diagnostic 

facilities within East Timor at present. wide spread testing for RRV or similar viruses 

is a relatively low health priority. Given this, perhaps the most important implication 

of this finding is the use of RRV disease as a differential diagnosis and an increased 

awareness from a public health stand point in case of future epidemics. 
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PAPER 

SEROSURVEY OF ROSS RIVER VIRUS IN EAST TIMOR 
REFUGEES 

INTRODUCTION 

Ross River Virus 

The Ross River virus (RRV) is an arbovirus that is the causative agent of Ross River 

Virus disease, initially referred to as epidemic polyarthritis. RRV belongs to the genus 

Aiphavirus of the family Togaviridae. It is a mosquito borne virus that is clinically 

characterised by a self-limiting, febrile illness marked by arthralgia or arthritis, rash, 

myalgia, headache and lethargy.' The severity of joint involvement varies 

considerable between cases and can range from slight tenderness of the joint with 

minimal impairment to extreme swelling and limitation of mobility.1  

The majority of cases of RRV disease within Australia occur, in concert with 

population density, in coastal areas. In these areas Aedes vigilax and Aedes 

camplorhynchus are thought to be the major mosquito vectors involved in RRV 

transmission. In inland regions, Culex annulirosiris is the most involved vector.2  

Whilst these mosquitoes are considered to be the three major insect vectors, RRV has 

been isolated from up to 30 mosquito species in Australia.3  Macropods such as 

kangaroos, wallabies and possibly possums are thought to be the major vertebrate 

host.4  However a large range of domestic and livestock animals have also been shown 

to be competent hosts.4' 5 , 6 Horses, in particular, may act as amplifying hosts in semi-

urban areas and in epidemic conditions man-mosquito-man is thought to be a 

significant transmission cycle.7 



RRV is a notifiable disease in Australia and is now regarded as the most common 

cause of human arboviral disease in that country.8  Notified incidence of the disease 

peaked at 7,783 for 1996, but then steadily declined to 3,548 cases reported during 

2003.8  RRV disease is described as endemic both in Australia and Papua New 

Guinea9  and caused significant epidemics in 1979 throughout the South Pacific 

Islands, including Fiji, Western Samoa, New Caledonia and the Cook Islands.'°' 11,  12 

Whilst RRV disease has not been described in East Tirnor its locality and 

environment strongly suggests the possibility of its presence. 
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Figure 1 Map showing location of East Timor in relation to areas of RRV 

outbreaks and endemic activity 
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East Tiinor 

East Timor is the eastern half of the island Timor situated at the eastern end of the 

Indonesian archipelago (see Appendix 2). Some 15,000 square kilometres in size, the 

country is home to between 800,000 and I million people. In August of 1999 the 

people of East Timor undertook a United Nations - supervised ballot and elected to 

become independent from Indonesia. Following the referendum violence against 

people and property occurred on a large scale resulting in the wide spread disruption 

in health services. Almost two thousand East Tirnorese United Nations employees, 

their families and others who had been sheltering in the United Nations compound in 

Dili were evacuated to Australia in September 1999. ' 

Since 2000, there has been considerable focus placed on the control of infectious 

diseases as in East Timor approximately 60% of deaths within the country have been 

attributed to these.14  However, a severe lack in diagnostic facilitates often make a 

definite diagnosis difficult. Dengue fever and Japanese encephalitis are the two main 

arboviruses that have been found to cause human disease in East Timor, both of 

which pose a serious public health threat.11 15,16  Of other arboviral diseases in this 

area, little is known. Sindbis. Chikungunya and Kunjin viruses have all been found in 

Indonesia and other countries within Southeast Asia.'6' 17  Most recently, Chikungunya 

antibodies and RNA have been isolated from serum collected in Indonesia between 

2001 and 2003. It has been suggested that Chikungunya virus has been present 

within East Timor from as early as 1984.16  Additionally, since 2003, there have been 

anecdotal reports of Chikungunya in East Tiinor. Ross River virus has not been 

described within East Timor, however the presence of Aedes vigilax and ('ulex 

annulirosiris, two of the major RRV vectors within Australia, as well as other 



mosquito species shown to be competent vectors present the possibility.' 9  In addition, 

the clinical syndromes consistent with RRV infection are commonly seen in general 

practice settings (Dr Nelson Martins, personal communication). 



METHODS 

Sample group 

Following the 1999 referendum for independence in East Tirnor, 1863 East Tirnorese 

were evacuated to Darwin, Northern Territory. This was completed in two groups 

between September 10 14, 1999.   The first group of 347 individuals were mostly 

local UNAMET (United Nations Mission in East Timor) workers and their families, 

who are assumed to have never resided within Australia. Blood samples were 

collected upon arrival in Darwin from all members of this group to establish malarial 

prevalence. From the 1 516 members of the second group to be evacuated to 

Australia, blood samples were collected from 256 refugees referred to the 

Chest/Fever clinic". Such referral occurred if an individual was found to be 

pregnant, or to have an abnormal chest x-ray, fever, cough, or rash. All serum 

samples were stored at 4°C for 3 days and then-20°C following initial diagnostic 

screening. Of the 603 samples available, 247 were randomly selected for testing for 

Ross River virus in October 2003. 

Laboratory Techniques 

The presence of specific anti-RRV lgG was measured by indirect enzyme-linked 

immunosorbent assay (ELISA). Indirect ELISAs have been shown to be an accurate 

and valid alternative to neutralisation or haemagglutination assays and have the ability 

to measure IgG and 1gM independently without the need for lengthy preliminary 

procedures.2°  

The ELISA kit used here, produced by PANBIO (Brisbane, Australia), is the only 

commercially available kit in Australia and is used in diagnostic pathology 

laboratories.2 ' Samples were run according to the manufacturers' instructions (see 
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Appendix 3). Absorbance readings obtained from the test samples were converted 

into PANBIO units for comparative analysis. As recommended by the manufacturer, 

any sample that gave a reading of greater than 12 PANBIO units was deemed to be 

IgG positive, indicating past infection with the RRV or RRV-like virus. Readings of 

between 9 and 11 were deemed to be equivocal, and any less than 9 were classed as 

negative. Upon initial testing all samples with a reading of 8 or greater were repeated. 

In cases of discrepant results or repeated equivocal results, the samples were tested a 

third time and the majority result taken to be the true result (see Appendix 3). 

Although there was some movement of samples that were initially positive or 

negative that on repeat testing became equivocal and vice versa, there was only one 

sample that returned both a positive and a negative value. For the purpose of this 

study, this sample, all results of negative and equivocal values were deemed as either 

no or insufficient evidence of previous RRV infection. 

Evidence of previous RRV No or insufficient evidence of previous RRV infection 
infection 

Figure 2. Sample handling process 
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The PANBIO RRV kit has been shown to have an lgG specificity of 97.6% and 

sensitivity 84.6% when based on an Australian population (where Ross River virus is 

the only routinely isolated virus of- the Semliki Forest virus complex) and compared 

with a haemagglutination assay, the accepted gold standard technique.22  I lowever, the 

sensitivity for IgG of the test was shown to increase from the initial results, found 

using acute stage serum, when follow up testing was performed on the convalescent 

stage serum which appeared to exhibit seroconversion to lgG positive (Ming Qiao, 

personal communication). 

Statistical Analysis 

Data was initially entered into an Excel spreadsheet (Microsoft Corporation, USA). 

Analysis of data was performed using STATA1 ' (Version 8.2. Stata Corporation, 

College Station, Texas, USA). When comparing proportions, the Fischer's exact test 

with a significance level of p-value <0.05, and relative risks with 95% confidence 

intervals were calculated. 

Ethics 

Ethics approval was obtained from the 1-luman Research Ethics Committee at the 

Menzies School of Health Research and Charles Darwin University, Darwin. 

Population consent was gained from the I-lead of the Division of Health Services of 

the United Nations Transitional Authority for East Timor. 
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RESULTS 

The base line characteristics of the refugee population as a whole are similar to those 

found within the sample group. Of the original 1863 evacuees, 51.5% were male with 

an average age of 21.1 years. The sample population was 58.2% males although this 

varied between age groups, with a notably higher proportion in the 30-39 age bracket 

(68.5%). The average age was 30.9 years, higher than that seen in the original 

evacuee population. Females in the sample were slightly younger than males (males 

average age of 32.7 years and females 28.4 years). Little other demographic 

information about the refugee group and hence the sample population is known. 

Table 1. Population characteristics and seropositivity to RRV 

Age 

(years) Number 

Mean age 

(years) 

Percentage 

male 

No. of 

seropositives (%) 

<10 7 6.7 42.9 1 (14.3) 

10- 19 27 16.3 40.8 2(7.4) 

20-29 72 25.1 54.1 9(12.5) 

30 - 39 54 34.2 68.5 4(7.4) 

>40 41 50.6 65.9 1 (2.4) 

Total 201 30.9 58.2 17(8.5) 

Of the 226 sera that were tested, 19 (8.4%) were found to be seropositive (See 

Appendix 4). However demographic data was available for only 201 of these, of 

which 17 were seropositive to RRV (8.5%). No significant relationship was 

established between age and seropositivity and in particular, there was no apparent 

trend to higher seropositivity with increasing age. 
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Table 2. Seropositivity according to gender 

Seropositivity Male 

N(%) 

Female 

N(%) 

Positive 3 (1.5) 14(7.0) 

Negative 114 (56.7) 70 (34.8) 

Total 117(58.2) 84(41.8) 

Of the 17 seropositive sera with available demographic data, 82% were female, 

displaying a relative risk of 6.5 (95% CI 1.929 21.908, p=0.0005) and female to 

male ratio of 5:1. 
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DISCUSSION 

The presence of RRV in East Timor had, to date, not been established. 1--lowever, the 

sample population when tested for the presence of specific anti-RRV IgG antibodies 

as an indicator of previous RRV or RRV-like infection showed 8.5% seropositivity. 

1-lowever this finding is limited by possible cross reactivity with antibodies to similar 

aiphaviruses, particularly Chikungunya. To establish the presence of RRV would be 

an important step in providing health care professionals with a differential diagnosis 

in a clinical setting as well as providing a representative picture of the nation's health. 

Given the presence of mosquitoes capable of transmitting RRV and the endemic 

status of the disease in neighbouring regions such as Papua New Guinea, this result 

supports the hypothesis of an endemic status of RRV in East Timor. Whilst this rate is 

lower than that found in some areas of Australia, the large range in reported antibody 

prevalence , which vary from 8% to 55%, 23. 24 indicate the variability of infection 

between geographic areas. 

There is no clear gender effect on RRV infection with reported male-to-female ratios 

ranging from 0.6:1 to 1.7:1.25 26, 27, 28 However we found a significantly higher 

proportion of females to be seropositive. Testing for antibodies to I3urkho1deria 

pseudornallei, the causative agent of meleoidosis, on samples from the same group of 

refugees also found a higher seroprevalence in females.29  It has been suggested that 

in rural East Timor, the majority of physical activity is performed by females, 

possibly increasing their exposure to the bacteria.29  Similarly this factor may also 

increase women's exposure to mosquitoes capable of transmitting Ross River or 

similar virus. This may be particularly relevant given Culex annulirosiris known 



habitation of rice Fields,30  as this species of mosquito is regarded as a major vector of 

the disease in Australia. 1-lowever. without additional demographic data such as 

occupation, geographic origin, socio-economic status and health history, it is difficult 

to examine the reasons for this apparent gender affect. 

Similarly, previous data suggest antibody prevalence increases with age, with the 

majority of disease cases occurring in young adults.3  This was not seen in this study. 

There was only one seropositive sample (2.4%) over the age of 40 (aged 43) of the 41 

tested. This could suggest naturally waning antibody titres with increased age. 

Alternatively it raises the possibility of either the recent introduction or previous 

epidemic of RRV or RRV-like virus within East Timor within the last decade or two. 

However, the number of samples within each age group are too small to draw any 

significant conclusions. 

Whilst the commercially available kit available from PANBIO is used routinely in a 

diagnostic setting, the necessary requirements for a serosurvey differ. In laboratory 

diagnosis a high level of specificity is necessary to ensure a correct diagnosis. In 

contrast, a screening setting such as a cross sectional serosurvey requires a high level 

of test sensitivity to ensure all those with exposure to RRV are identified. Whilst the 

PANBIO kit displays a high level of specificity (97.6%), the sensitivity has been 

reported to be as low as 84.6%.22(Ming Qiao, personal communication) Although this 

was shown to increase with retesting of patient serum that indicated seroconversion to 

IgG positive,(Ming Qiao, personal communication) this may represent a slight under 

reporting of virus exposure in this study. l-lowever, as the specificity and sensitivity 

data is related to an Australian population, where there are no other alphavirus 



members of the Semliki forest complex, this raises the possibility of cross reactivity 

between closely related viruses, such as Chikungunya or Getah virus, that have not 

been investigated in this study. Nor were any controls of known Chikungunya or 

Getah seropositive serum run. This could thus lead to a possible over reporting of 

RRV exposure, and running such control using the IANBIO kit to assess the level of 

cross-reactivity would be the next step in this project. 

However, the major limitation imposed on this study is due to the opportunistic nature 

of the sample collection. The initial sample population of refugees, whilst presenting 

similar demographic data to that of the East Timor population as a whole, is probably 

not representative of the nation's entire population. Almost 60% of the samples 

obtained were from the first group of refugees which was composed mainly of 

TJNAMET workers and their families. This group is likely to be weighted towards a 

more urban population with a higher socio-economic status than the East Timor 

populations as a whole. 

Samples collected from the second group of refugees were again subjected to 

selection bias through the referral of patients to the chest and fever' clinic. Whilst 

samples were collected from all members of the first refugee group, in the second 

group, blood was taken only from individual directed to attend this clinic. How this 

would affect the representative nature of the population's potential exposure to RRV 

is uncertain. 

The possibility of cross reactivity between antibodies specific for alternative 

alphaviruses can not be excluded. A certain level of cross reactivity between the 

viruses is requisite to the genus Alphaviridae.31  For example, antibodies produced in 
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response to exposure to Chikungunya, which at the time of this survey had not been 

described in East Timor but is now shown to be present in the geographic region,32 
 
19 

could produce a false positive result for RRV .The relative specificity of the RRV IgG 

assay used (97.6%) reduces this possibility, but it remains a consideration that must 

be taken into account. 

Currently the newly independent East Timor is rebuilding its health care system and 

laboratory facilities and thus diagnostic capabilities are limited. To routinely test for 

RRV in cases of suspected arbovirus infection would be a costly process. Given the 

significant implications of other infectious diseases, such as malaria, measles and 

dengue fever, such testing remains a low health priority at this time. Accepting this 

and the self-limiting nature of RRV infection, perhaps the most important implication 

of its presence for health care in East Timor is as a differential diagnosis. especially 

from a public health stand point, in case of a future epidemic. Given the possibility 

that the antibodies detected in this study may be directed against Chikungunya virus, 

it is important to note that the treatment of Chikungunya and RRV disease is very 

similar and aimed at the control of symptoms. So even in the advent that the results 

here are the consequence of cross-reactivity, the clinical implications of RRV or a 

RRV-like virus being used as a differential diagnosis remains. This would be 

particularly relevant to cases of fever, malaise and joint pain that are non-responsive 

to malarial treatment. Additionally, efforts into vector control aimed towards those 

species capable of transmitting RRV may also be beneficial. As these mosquitoes, 

particularly Aedes vigilax and Cuiex Annulirosiris, differ in their breeding habitats 

from those that transmit malaria and dengue, the incorporation of vector control in 

these areas could help reduce RRV transmission. 
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This study has demonstrated that exposure to a RRV-like virus occurs in East Timor. 

By increasing awareness of the disease through education, particularly aimed towards 

health professionals, will enable it to be considered as a differential diagnosis. Whilst 

a clinical case of RRV infection has yet to be demonstrated, this is likely to be due to 

a lack of awareness of the presence of the disease in the region and the lack of 

diagnostic facilities. Further studies could be targeted towards the confirmation of 

RRV in East Timor through the running of additional controls to resolve the issue of 

potential cross-reactivity with other alphaviruscs, careful documentation and 

serological confirmation of clinical cases, as well as further research into other 

aiphaviruses that may be present in the region. Regardless, the clinical inlpOrtance of 

RRV or RRV-like virus within East Timor and it's use as a potential differential 

diagnosis remains. 
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APPENDIX I - LITERATURE REVIEW 

ROSS RIVER VIRUS 

His! oiy 

Ross River virus (RRV) is the aetiological agent of epidemic polyarthritis, or Ross 

River Virus disease. The disease was first described in the areas surrounding the 

Murrumbidgee River, New South Wales, in 1928. The condition caused by RRV 

was termed epidemic polyarthritis, however the causative agent was yet to be 

identified. During an outbreak in 1956, the similarity of the syndrome to the disease 

caused by Chikungunya virus, a group A arbovirus (now termed aiphavirus) found in 

Africa was noted.3  By using an antigen from a group A arbovirus, cross-reactivity 

was shown between the known antigen and the new virus.31  Then in 1963, Doherty et 

al. reported the isolation of the virus from Aedes vigilax mosquitoes found near the 

Ross River in Queensland.34  However, the definite link between the virus isolated 

from the mosquito and human disease was still missing. It wasn't until the single 

largest epidemic occurred in 1979 throughout the South Pacific Islands. including Fiji, 

Western Samoa, New Caledonia and the Cook Islands IO IL 12 that the virus was 

isolated from the serum of a patient suffering epidemic polyarthritis.12  

RRV is now regarded as the most common cause of human arboviral disease in 

Australia.7  However the term epidemic polyarthritis has been replaced with RRV 

disease to avoid confusion between similar syndromes resulting from various 

causative agents, including Barmah Forest virus, that is almost impossible to 

differentiate from RRV disease based on clinical description alone. 
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Virolo 

RRV belongs to the family Togaviridue. There are two genus classified as 

Togaviridae, Rub/virus and Alphai'irus. The only member of the Ruhivirus genus it 

the rubella virus. However, the Alphavirus genus consists of a number of arboviruses, 

at least II of which have been shown to cause disease in humans. One of these is the 

Ross River virus. Alphaviruses produce enveloped virions containing a single 

stranded, positive sense RNA genorne. All aiphaviruses share common antigenic 

determinants however they can be differentiated by species-specific epitopes found on 

the glycoprotein envelope.35  

Alphaviruses can be further classified into three major groups based on nucleolide 

sequence data as seen in Table Al . 

Genetic analysis of RRV indicates that it is slow to evolve under normal conditions, 

remaining genetically stable over time within a geographic region of transmission.39  

Through the use of nucleotide sequencing, three distinct genotypes of RRV have been 

found. These genetic types predominant within specific geographic regions around 

Australia. Genotype one has been found in Queensland, while genotype two has been 

identified predominantly in Queensland, New South Wales and Victoria, as well as a 

few isolates from the Northern Territory and Western Australia. The majority of 

strains found in Western Australia and the Northern Territory are genotype three.39  

Interestingly all isolates from the Pacific Islands were found to be genotype two. 

suggesting that the disease was spread to the area through an infected human from the 

eastern states of Australia.39  
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Table AI.1 Aiphaviruses and their geographic distribution 37 

Group Virus Name Geographic distribution38  

BFV complex Barmah Forest virus Australia 

NDUV complex Ndumu virus Africa 

SFV complex Chikungunya virus Africa, Asia 

O'nyong-nyong virus Africa 

Mayaro virus South America, Trinidad 

Una virus South America, Panama 

Babaru virus Malaysia 

Scm liki forest virus Vietnam 

Getah virus Asia, Oceania 

Ross River virus Australia, Oceania 

WEEV complex Aura virus South America 

Sindbis virus Africa, Eurasia, Australia 

Whataroa New Zealand 

For Morgan virus Western North America 

Highlands J virus Eastern North America 

Western equine encephalitis virus South America, North America 

EEEV complex Eastern equine encephalitis virus South America, North America 

VEEV complex A00-663 virus Argentina 

Pixuna virus South America 

Cabassou virus French Guiana 

Mucambo virus South America, Trinidad 

Everglands virus Florida 

Venezuelan equine encephalitis 
virus 

North America, Central 
America, South America 

Abbreviations: BFV, Barmah forest virus; NDUV, Ndumu virus; SFV, Semliki forest virus; 

WEEV, Western equine encephalitis virus; EEEV, Eastern equine encephalitis virus; VEEV, 

Venezuelan equine encephalitis virus. 
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RRV DISEASE 

The incubation period for RRV disease is thought to range from 7-9 days, but may 

vary from 3 to 21 days.", 25  Clinically, it is characterised by a self-limiting illness 

marked by arthralgia or arthritis, fever, rash, myalgia, headache and lethargy.3  

However symptoms may vary significantly between cases. Joint pain has been 

reported in 83-98% of patients suffering from RRV disease.7  The joints of 

extremities are most commonly affected, particularly the wrists, knees, ankles as well 

as the metacarpophalangeal and interphalangeal joints of the fingers.9' 26  The clinical 

manifestations within joints are usually found to be symmetrical, most notably in the 

hands." 9  The severity of joint involvement varies considerable between cases and 

can range from slight tenderness of the joint with minimal impairment to extreme 

swelling and mobility limitations.' 

Approximately 50% of RRV disease patients exhibit a rash." 4°  This rash can appear 

anywhere from 11 days before to 15 days after the onset of arthritis, usually resolving 

within 7-10 days.' The rash precedes the arthritis in 20% of cases, appears at the 

time of arthritis onset in 40% and follows it in the remaining 40%.' It has been 

suggested that the manifestation of rash may be age-dependant. In one study rash 

occurred in 54% of RRV disease patients over the age of 40 whilst it was found in 

91% of cases under the age of 20.27  The rash is usually macropapular with the trunk 

and limbs most commonly affected, however it may also appear on the soles of the 

feet, the palm of the hands and on the face. Additional commonly exhibited 

symptoms may include fever which may affect approximately one third to one half of 

cases, fatigue and malaise.3  It has been estimated that during the acute phase of 

illness, patients with RRV disease have a quality of life score equivalent to that of 55- 
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64 year olds with osteoarthritis awaiting hip or knee replacement surgery.9' 41  Yet 

RRV disease is most commonly seen in the 20-50 year age group. Research is divided 

about the age bracket which is most severely affected by RRV, ranging from the 25- 

39 year olds 26  to the 50-59 year category.2  It is interesting to note that antibody 

prevalence studies have generally shown there to he a positive correlation between 

age and antibody prevalence, as opposed to actual disease.3  This contrast with the 

increased risk of disease in younger adults suggests the role of age-related variations 

in the immune system during the development of the disease.3  

There have been a number of surveys conducted, aimed at estimating the duration of 

RRV disease. These have often produced conflicting results.27' 211  A study from 

eastern Australia suggests that only approximately 50% of RRV patients were well 

enough to return to work within a month of the onset of symptoms.42  Yet a survey 

conducted in Queensland found that the average days taken off work ranged from 

only 1.9 to 3.1 days, with more than half (8%) taking no time off work at all.9  

Typically the fever, rash, fatigue and other symptoms resolve early in disease, with 

rheumatic manifestations and muscle pain often developing into chronic disease.43  

Fraser documented that 50% of RRV patients recovered within six months from the 

onset of disease and 75% recovered in just over 12 months. In this study. 

approximately 5% of patients were still suffering symptoms four years after initial 

infection.' More recently a prospective longitudinal study suggested that RRV 

typically resolves within three to six months, and the overestimation of disease 

duration in the past is due to additional confounding conditions.9  
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There is little evidence regarding the most effective forms of treatment. There is no 

one specific course that is recommended. I-lowcvcr the use of non-steroidal anti-

inflammatory drugs (including aspirin and paracetamol) have been reported to give 

significant symptomatic relief.3  Yet within this study, for almost a quarter of patients, 

rest was the only source of symptom alleviation.3  
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ECOLOGY OF RRV VECTORS 

Ross River Virus is a mosquito-borne pathogen, with a number of vector species. The 

majority of cases of RRV disease within Australia occur in coastal areas. The salt-

marsh habitats found in such areas are particularly conducive for two of the three 

major mosquito vectors Aedes vigilax and Aedes camplorhynchus, whilst the third, 

Cu/ex annu/irosiris, breeds in areas of fresh-water.3  These three species are thought 

to be the main vectors of RRV within Australia for a number of reasons including the 

high number of isolates obtained from these particular species, evidence to show 

mosquito infection and transmission of RRV in laboratory studies and a correlation 

between abundant presence of these species and RRV disease outbreaks.3  

Ae. vigilax is a mosquito that breeds in temporary bodies of salty or brackish water.3  

It can be found in almost all coastal regions of Australia, however it is absent from 

Tasmania and the Victorian coastline.3  During an outbreak of RRV in Western 

Australia it was found that RRV isolation rates were as high as 1:43 from Ac. 

Vigilax.44  Ac. cainpiorhynchus can be found in the southern states of Australia. It is a 

salt marsh mosquito that has often been associated with RRV outbreaks. Isolation 

rates from Ac. cainpiorhynchus have been as high as 1:30 during outbreaks in 

Western Australia.7 Distributed through all Australian mainland States, C. 

annu/irostris breeds in semi-permanent ground water and effluent run-off.3  It has 

been suggested that this mosquito is particularly significant as an inland rural vector,45  

as well as being an important part of primary cycle maintenance.3  A number of other 

mosquito species are believed to be possible RRV vectors including Ac. polynesiensis. 

Ac. aegypti, Ac. carmenti and additional Aedes and Cu/ex species. 11,44,4647 
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Due to the wide range of possible vectors, outbreaks of RRV disease can occur 

periodically in inland and arid regions of Australia, however densely populated 

coastal areas are most often affected. RRV is usually most active following the 

inundation of salt marshes by the tide or alternatively following spring or summer 

rains. However, cases of the disease can sporadically occur at any time of the year in 

such regions and it is thought that in many tropical and temperate climates continuous 

low-level maintenance cycles may occur. In arid areas RRV may persist through the 

hatching of infected mosquitoes from desiccation-resistant eggs, usually two to three 

weeks following heavy rainfall.44 48  Macropods such as kangaroos and wallabies are 

thought to be the major vertebrate host. However a large range of domestic and 

livestock animals have been shown to be competent hosts.7 6  1-lorses, in particular, 

may act as amplifying hosts in semi-urban areas and in epidemic conditions man-

mosquito-man is thought to be a significant transmission cycle.7  
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LABORATORY DIAGNOSIS 

The definitive diagnosis of Ross River virus relies on the recognition of an associated 

clinical presentation in conjunction with an appropriate laboratory diagnosis. As 

RRV does not persist beyond the early stages of disease, virus isolation from humans 

is rarely achieved and as a diagnostic tool is thus limited. On the basis of this, the 

majority of RRV diagnoses are made on serological grounds. For a confirmed 

diagnosis to be made, testing of paired serum from both the acute and the 

convalescent phases of the illness must be performed. Acute phase serum should be 

collected within 7 days from the onset of illness and the convalescent serum from 8 to 

28 days from disease onset.49  These sera should be tested in parallel and show a 

fourfold increase in anti-RRV specific antibody titres. 

There are various methods that are used for the detection of RRV antibodies, 

including haernagglutination inhibition (HI), complement fixation (CF), neutral i sation 

and indirect immunofluorescent (IF) antibody tests. Within specific contexts, it is 

acknowledged that of these the most specific test is the neutralisation test and the 

most sensitive is the HI test. 1-lowever in most laboratories Ill is unable to 

differentiate between immunoglobulin G (IgG) and immunoglobulin NI (1gM). 1gM is 

produced relatively soon after infection and do not usually persist at high titres, 

however IgG is produced later in infction and can persist for years.49  When using HI 

to distinguish between the two, 1gM must be isolated using a sucrose gradient, a 

technique rarely applied outside of reference laboratories.49  1-lowever more recently 

with the availability of monoclonal antibodies, the use of enzyme linked 

immunosorbent assay (ELISA) predominates. The use of this rapid technique allows 

specific IgG and 1gM to be measured independently without lengthy preliminary 
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procedures. The most commonly used variation of the ELISA is the indirect method. 

This requires the incubation of serum in microtitre plate wells coated with specific 

viral antigen. Virus specific antibody will bind to the solid phase bound antigen and 

can be detected using an enzyme labelled anti-human lgG or 1gM. The availability of 

this rapid assay for the detection of RRV 1gM has resulted in the majority of notified 

RRV infections being reported on the basis of a single 1gM positive serum. Of the 

notified cases of RRV from 1982 to 1993, 95.9% were documented as a presumptive 

identification upon the detection of 1gM.49  Only 3.2% of cases were confirmed by a 

fourfold change in antibody titre. Whilst indirect ELISA has been shown to be an 

accurate and valid alternative method, the presence of false positive results has long 

been noted.2°  This has been shown to be a particular problem in 1gM assays and in 

many cases is due to cross reactivity with related viruses. Rubella, Q fever and 

particularly BFV have all been shown to produce considerable cross reactivity, as 

well as additional non-infectious causes such as rheumatoid factor.21  In most current 

procedures, the presence of rheumatoid factor is accounted for in the methodology,3  

however cross-reactivity due to differential infection must be considered in all 

positive results. In addition, it has been noted that RRV 1gM antibody may persist for 

up to two years following primary infection in some cases.2°  This and the possibility 

of false positive results suggest there may be an over-reporting of RRV infections due 

to the reliance on a single positive 1gM result from an acute serum. When 

confirming' 1gM positive results, a Western Australia laboratory estimated that 14% 

of their results were false positives and would have been given a misdiagnosis based 

on the first acute serum alone.2 ' At present there is one commercially available RRV 

antibody detection kit available, produced by PANBIO. This kit is estimated to have 

an 1gM and IgG specificity of 96.5% and 97.6% and a sensitivity of 98.5% and 84.6% 
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respectively.3  However, the sensitivity for lgG of the test was shown to increase upon 

later testing of the serum, some of which exhibited a more delayed seroconversion to 

IgG positive. (Qiao M, Personal communication) 
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ECONOMIC ASPECTS 

There has been little investigation into the economic burden of disease attributed to 

RRV. An epidemic in the mid 1980's consisting of 1196 cases in New South Wales 

was estimated to cost in the order of three million Australian dollars,42  and more 

recently the direct cost of the disease was conjectured to be $A101 8 per positive 

diagnosis.9  Similarly, estimates based on the number of notified cases of RRV 

disease in Australia as well as diagnostic costs (including laboratory testing and 

physician visits) suggest that the annual financial cost of the illness may be 

somewhere between $2.7 and $5.9 million.3  This estimate includes lost earnings if 

approximately 50% of patient were to take one week away from work. Between 

$A728,832 and $A3,644,160 of the total costs represent diagnostic serological testing, 

however as this does not include additional test performed to eliminate other possible 

causes of arthralgia it may be a significant underestimation of the cost of RRV disease 

diagnosis. 
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APPENDIX 2— EAST TIMOR 

SOUTIIIAST ASIA 
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Figure A2.1 Map of South East Asia, including East Tinior5°  

East Timor is the eastern half of the island Timor situated at the eastern end of the 

Indonesian archipelago. From the mid sixteenth century, the eastern half of Timor 

was occupied by the Portuguese, whilst the western part was under Dutch control 
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until 1947 when it became part of Indonesia. Following the 1974 revolution, the 

Portuguese government relinquished control of its colonies and in 1975 independence 

was declared in East Timor. Ilowever after 9 days, East Timor was annexed by 

Indonesia. Whilst there appeared to be a high level of subsidisation of the East Timor 

economy by the Jakarta-based regime, the situation of the East Timorese people 

seemed bleak. Prior to 1998 it was estimated that a third of households lived in 

poverty, under 5 mortality rates were as high as 124 per 1000 and life expectancy was 

approximately 55 years.  51  

In August of 1999 the people of East Timor undertook a United Nations supervised 

ballot, which with a 75% majority, elected to become independent from Indonesia. 

This provoked violent reprisals by militia backed by the Indonesian military. After 

the ballot, 600.000 of the 870,000 East Timorese were estimated to have been 

displaced from their homes. By October 1999 approximately 400,000 remained in the 

mountain areas of the country, whilst 150,000 were in camps in West Timor. 2  

Almost two thousand East Timorese United Nations employees, their families and 

others who had been sheltering in the United Nations compound in Diii were 

evacuated to Australia in September 1999,1  In the weeks following the historic vote, 

the vast majority of health workers and agencies left East Timor. The existing  health 

care facilities were deliberately disrupted, 3  approximately 60% were destroyed 52 

and only 9% escaped damage. 1  The collapse of health services, population 

displacement, break down of vector control activities and the coming monsoon season 

posed a serious threat to the health of the East Iimorese. 2  

After the return of international agencies to the region, the task of evaluating and 

improving the health status of the East Tirnorese began. Soon after their return to East 
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Timor, the WHO reviewed the major impending health threats to the new nation's 

population. The main areas identified for disease surveillance were upper respiratory 

tract infection, pneumoniallower respirator tract infection, malaria, malnutrition, 

traumalinjury and tuberculosis.52  From this time there has been considerable focus 

placed on the control of infectious diseases and approximately 60% of deaths within 

the country have been attributed to these.' 4  However, a severe lack in diagnostic 

facilitates often make a definite diagnosis difficult. There are two pathology 

laboratories in Diii that operate in spite of chronic shortages of equipment and 

supplies.54  These perform basic biochemical and microbiological tests including full 

blood counts, urinalysis, stool ova and parasite screens, malaria smears, Gram stains 

and acid fast stains and the small hospital blood bank has facilities to screen donated 

blood for hepatitis B and HIV. 4  Dengue fever and Japanese encephalitis are the two 

main arboviruses that have been found to cause human disease in East Timor, both of 

which pose a serious public health threat. 14. IS, 16 There are no diagnostic facilities for 

these diseases available within East Timor, however specimens of suspected cases can 

be confirmed in Jakarta. Indonesia, or Darwin, Australia. Of other arhoviral diseases 

in this area, little is known. Sindbis, Chikungunya and Kunjin viruses have all been 

found in areas around Indonesia. Papua New Guinea and other countries in Southeast 

Asia.' 7  Ross River virus has not be described within East Timor, however the 

presence Aedes vigilax, Culex annulirosiris and other possibly vectors,'9  as well as 

the potential of RRV to spread to new countries shown by the Pacific Island 

outbreaks, suggest that RRV disease may be present. 
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Table A2.1 Geographic data on East Timor  .10 

Location: Southeastern Asia, northwest of Australia in the Lesser Sunda Islands at 

the eastern end of the Indonesian archipelago; note - East Timor includes 

the eastern half of the island of Timor, the Oecussi (Ambeno) region on 

the northwest portion of the island of Timor, and the islands of Pulau 

Atauro and Pulau Jaco 

Geographic 8 50 S, 125 55 E 

coordinates: 

Area: total: 15,007 sq km 

land: NA sq km 

waler. NA sq km 

Land boundaries: total. 228 km 

border countries: Indonesia 228 km 

Coastline: 706 km 

Climate: tropical; hot. humid distinct rainy and dry seasons 

Terrain: mountainous 

Elevation lowest point: Timor Sea, Savu Sea. and Banda Sea 0 in 

extremes: highest point: Foho Tatamailau 2,963 m 

Natural gold, petroleum, natural gas, manganese, marble 

resources: 

Land use: arable land: 4.7 1% 

permanent crops: 0.67% 

other: 94.62% (2001) 

Capital: Diii 

Highways: total: 3.800 km 

paved: 428 km 

unpaved: 3,372 km (1995) 
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Table A2.2 Demographic data on East Timor ° 

Population: 1,019.252 

note: other estimates range as low as 800,000 (July 2004 est.) 

Age structure: 0-14years. 37.8% (male 196.007; female 189,584) 

15-64 years: 59.2% (male 308,254; female 295,584) 

>65 years. 2.9% (male 14,663; female 15,160) (2004 est.) 

Median age: total. 20 years 

male: 20.1 years 

jmale: 19.9 years (2004 est.) 

Population growth rate: 2.11% (2004 est.) 

Birth rate: 27.46 births/I .000 population (2004 est.) 

Death rate: 6.36 deaths/I ,000 population (2004 est.) 

Sex ratio: 1 .04 male(s)/female (2004 est.) 

Infant mortality rate: 48.86 deaths/1,000 live births (2004 est.) 

Life expectancy at 65.56 years (2004 est.) 

birth: 

Ethnic groups: Austronesian (Malayo-Polyncsian). Papuan. small Chinese 

minority 

Religions: Roman Catholic 90%, Muslim 4%, Protestant 3%, Hindu 0.5%, 

Buddhist, Animist (1992 est.) 

Languages: Tetum (official), Portuguese (official), Indonesian, English 

note: there are about 16 indigenous languages; Tctum, Gable, 

Mambae, and Kemak are spoken by significant numbers of 

people 

Literacy: defInition: age 15 and over can read and write 

total population: 58.6% (2002) 

Population below 42% (2003 est.) 

poverty line: 
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Table A2.3 Economic and government data on East Timor  10 

Government Republic 

type: 

Capital: Diii 

Independence: 28 November 1975 (date of proclamation of independence from 

Portugal); note - 20 May 2002 is the official date of international 

recognition of East Timors  independence from Indonesia 

Budget: revenues. $36 million 

expendilures: $97 million, including capital expenditures of NA (2003 

est.) 

Exports: $8 million (2001 est.) 

Exports - coffee, sandalwood, marble; note - the potential for oil and vanilla 

commodities: exports 

Imports: $237 million (2001 est.) 

Imports - mainly food (2001) 

commodities: 

Economic aid - $2.2 billion (1999-2002 est.) 

recipient: 

Currency: US dollar (USD) 
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APPENDIX 3— LABORATORY METHODS AND 
INTERPRETATION 

METHOD 

The following steps were undertaken: 

I. JgG antibodies from test serum combine with RRV antigen bound to the 

microwell test plate and excess serum is removed through washing. 

Peroxidase conjugated anti-human IgG is added and binds to captured IgG, the 

excess is removed by washing. 

The colourless substrate enzyme labelled antibody is detected by the addition of 

tetrarnethylbcnzidine/hydrogen (TMB/H202 ) peroxide which is hydrolysed by 

the linked peroxidase forming a blue colour (TMB). 

Upon the addition of phosphoric acid, the 1MB is converted to a yellow colour 

and the absorbance measured on a dual wavelength spectrophotometer. 

Reference positive, low positive and negative controls were run in each case as 

well as multiples of a cut off calibrator used to convert each absorbance 

reading into PANBIO units for analysis. The 'cut off calibrator is serum 

provided within the PANBIO kit that is run to give the assay a run specific 

reference on which to base interpretation. The cut off calibrator serum was run 

a minimum of three times in each test plate and the mean value of the 

absorbance values obtained. This value was then used to convert the test 

sample results into PANBIO units for comparative analysis, as per the 

manufacturers instructions. 

A run was considered valid if the following criteria were met (as per 

manafactures instructions) 

The negative control serum had an absorbance value of <0.200 
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• The cut off calibrator serum had an absorbance value ~: 2 x 

negative serum absorbance value 

• The positive serum had an absorbance value 1 .1-5.0 times the cut 

off calibrator serum absorbance value 

INTERPRETATION 

The mean absorbance value for the multiple 'cut-off calibrators run with each assay 

was taken and the following formula was used to determine the samples result in 

PANBIO units: PANBIO Units = 10 x Absorbance of samule 

Mean absorbance of cut-off 

Table A3.1 shows the cut-off values (in PANBIO units) used in this study. 

Table A3.1. Interpretation of results in PANBIO Units 

PANBIO UNITS RESULTS INTERPRETATION 

<9 Negative No evidence of specific RRV 1gG antibodies 

9 - 11 Equivocal Insufficient evidence of RRV IgG antibodies 

>11 Positive Specific RRV IgG antibodies present. 

Suggestive of recent or past exposure 

All samples that returned a reading of above 8 PANBIO units were retested Ibr 

confirmation. The positive and negative samples that confirmed on repeat testing 

were considered to be a true result. Those that returned discrepant results, and those 

that repeated as equivocal were tested a third time. The final result was deemed to be 

that which was obtained twice of the three tests (see Table A3.2). 
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Table A3.2. Method of sample processing and result interpretation 

First test result Second test result Third test result Final result 

Negative Negative N/A Negative 

(PB units >8 and <9) Equivocal Negative Negative 

Equivocal Equivocal 

Equivocal Negative Negative Negative 

(PB units 9 and <11) Equivocal Equivocal 

Equivocal Negative Equivocal 

Positive Equivocal 

Equivocal Equivocal 

Positive Equivocal Equivocal 

Positive Positive 

Positive Equivocal Equivocal Equivocal 

(PB units >11) Positive Positive 

Positive N/A Positive 
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APPENDIX 4- RAW DATA 

Table 4.1. Raw data of positive results 

,/ / 

/1 / q 

/ 
D114108 1.822 0.674 27.0 P 1.894 0.791 23.9 P - - - - P 

D111994 1.482 0.674 22.0 P 1.674 0.791 21.2 P - - - - P 

D111691 1.644 0.817 20.1 P 1.548 0.791 19.6 P - - - - P 

D114771 1.564 0.852 18.4 P 1.429 0.791 18.1 P - - - - P 

D111586 1.497 1 0.817 18.3 P 1.472 0.791 18.6 P - - - P 

D113954 1.127 0.674 16.7 P 1.451 0.791 18.3 P - - - - P 

D114267 1.059 0.674 15.7 P 1.421 0.791 18.0 P - - - - P 

D115380 1.286 0.852 15.1 P 1.43 0.791 18.1 P - - - P 

D114910 1.257 0.852 14.7 P 1.556 0.791 19.7 P - - - - P 

D113924 0.994 0.674 14.7 P 1.214 0.791 15.3 P - - - - P 

D111997 0.967 0.674 14.3 P 1.099 0.791 13.9 P - - - P 

D113988 0.924 0.674 13.7 P 0.925 0.791 11.7 P - - - - P 

D112145 1.155 0.852 13.6 P 1.123 0.791 14.2 P - - - P 

D115257 1.137 0.852 13.3 P 1.334 0.791 16.9 P - - - - P 

D112103 1.029 0.852 12.1 P 0.927 0.791 11.7 P - - - - P 

D111712 0.969 0.817 11.9 P 0.905 0.791 11.4 P - - - - P 

D111842 0.954 0.817 11.7 P 0.907 0.791 11.5 P - - - - P 

0.841 0.817 1 10.3 1 E 0.944 0.791 11.9 P 0.986 0.850 11.6 P P D 

 111 

 57 0

D115024 0.815 0.852 1 9.6 1 E 0.979 0.791 12.4 P 0.979 0.850 11.5 P P 
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Table 4.2. Raw data of equivocal results 

(51 
§ I / '(I I A /1 

D114175 0.987 0.674 14.6 P 0.755 0.791 9.5 E 0.601 0.651 9.2 E E 

D113253 0.782 0.674 11.6 P 0.865 0.791 10.9 E 0.548 0.651 8.4 N E 

D112864 0.743 0.674 11.0 P 0.771 0.791 9.7 E 0.635 0.651 9.7 E E 

D111892 0.884 0.817 10.8 E 0.858 0.791 10.8 E 0.833 0.850 9.8 E E 

D111583 0.867 0.817 10.6 E 0.817 0.791 10.3 E 0.838 0.850 9.9 E E 

D114617 0.882 0.852 10.3 E 0.801 0.791 10.1 E 1.034 0.850 12.2 P E 

D113476 0.696 0.674 10.3 E 0.813 0.791 10.3 E 0.639 0.850 7.5 N E 

D111920 0.828 0.817 10.1 E 0.78 0.791 9.9 E 0.693 0.850 8.2 N E 

D111717 0.803 0.817 9.8 E 0.764 0.791 9.7 E 0.649 0.850 7.6 N E 

D111721 0.801 0.817 9.8 E 0.982 0.791 12.4 P 0.908 0.850 10.7 E E 

D111714 0.786 0.817 9.6 5 0.788 0.791 10.0 5 0.820 0.850 9.7 E E 

D111962 0.776 0.817 9.5 E 0.745 0.791 9.4 E 0.825 0.850 9.7 E E 

D111958 0.771 0.817 9.4 E 0.688 0.791 8.7 N 0.811 0.850 9.5 E E 

D113218 0.630 0.674 9.3 E 0.728 0.791 9.2 E 0.778 0.850 9.2 E 5 

D112080 0.795 0.852 9.3 E 0.698 0.791 8.8 N 0.853 0.850 10.0 F E 
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Table 4.3. Raw data of negative results that underwent repeat testing 

/4 t // // 
 

/1 1z,  i /1 / 
/ Iq:iQ 

D112081 0.928 0.852 10.9 E 0.616 0.791 7.8 N 0.689 0.850 8.1 N N 

D111792 0.802 0.817 9.8 E 0.693 0.791 8.8 N 0.710 0.850 8.4 N N 

D113775 0.660 0.674 9.8 E 0.669 0.791 8.5 N 0.680 0.850 8.0 N N 

D113651 0.624 0.674 9.3 E 0.663 0.791 8.4 N 0.584 0.850 6.9 N N 

D113499 0.603 0.674 8.9 N 0.655 0.791 8.3 N - - - - N 

D113238 1 0.595 0.674 8.8 N 0.58 0.791 7.3 N - - - - N 

D111849 0.712 0.817 8.7 N 0.722 0.791 9.1 E 0.540 0.651 8.3 N N 

D111776 0.698 0.817 8.5 N 0.672 0.791 8.5 N  N 

D111718 0.689 0.817 8.4 N 0.756 0.791 9.6 E 0.566 0.651 8.7 N N 

D111561 0.685 0.817 8.4 N 0.59 0.791 7.5 N  N 

D111752 0.679 0.817 8.3 N 0.773 0.791 9.8 E 0.567 0.651 8.7 N N 

D113547 0.558 0.674 8.3 N 0.579 0.791 7.3 N - - - - N 

D112096 1 0.684 0.852 8.0 N 0.56 0.791 7.1 N - - - - N 
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Table 4.4. Raw data of negative results that did not undergo repeat testing 

/ I 

J i4i /% fl I(I  
D114909 0.672 0.852 7.9 N N 
D115443 0.668 0.852 7.8 N N 
D111778 0.640 0.817 7.8 N N 
D111747 0.624 0.817 7.6 N N 
D111848 0.619 0.817 7.6 N N 
D111845 0.600 0.817 7.3 N N 
D111965 0.494 0.674 7.3 N N 
D111968 0.597 0.817 7.3 N N 

D112075 0.622 0.852 7.3 N N 
D114834 0.614 0.852 7.2 N N 
D111807 0.588 0.817 7.2 N N 

D111715 0.585 0.817 7.2 N N 
D111710 0.582 0.817 7.1 N N 
D111870 1 0.576 0.817 7.1 N N 
D112094 0.596 0.852 7.0 N N 

D113990 0.469 0.674 7.0 N N 
D112011 0.466 0.674 6.9 N N 
D113187 0.460 0.674 6.8 N N 
D111677 0.556 0.817 6.8 N N 
D112873 0.458 0.674 6.8 N N 
D111746 0.554 0.817 6.8 N N 
D111751 0.554 0.817 6.8 N N 
D111914 0.553 0.817 6.8 N N 
D111886 0.545 0.817 6.7 N N 
D111694 0.543 0.817 6.6 N N 
D114253 0.448 0.674 6.6 N N 
D111581 0.532 0.817 6.5 N N 
D112892 0.433 0.674 6.4 N N 
D111716 0.524 0.817 6.4 N N 
D115469 0.544 0.852 6.4 N N 
D113612 0.427 0.674 6.3 N N 
D111736 0.516 0.817 6.3 N N 
D114880 0.535 0.852 6.3 N N 
D112848 0.407 0.674 6.0 N N 
D111872 0.491 0.817 6.0 N N 
D113919 0.404 0.674 6.0 N N 
D111700 0.482 0.817 5.9 N N 
D114317 0.397 0.674 5.9 N N 
D111782 0.396 0.674 5.9 N N 
D115377 0.500 0.852 5.9 N N 
D111719 0.463 0.817 5.7 N N 
D112097 0.481 0.852 5.6 N N 
D114234 0.379 0.674 5.6 N N 
D111783 0.377 0.674 5.6 N N 
D112836 0.375 0.674 5.6 N N 
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Table 4.4 Raw data of negative results that did not undergo repeat testing (cont.) 

/4 / 
 

/1 
'0 / , Is 

D112810 1 0.372 0.674 5.5 N N 

D112832 0.371 0.674 5.5 N N 

D111891 0.444 0.817 5.4 N N 
D111888 0.439 0.817 5.4 N N 

D112834 0.343 0.674 5.1 N N 

D113637 0.334 0.674 5.0 N N 
D111576 1 0.403 0.817 4.9 N N 
D1117721 0.403 0.817 4.9 N N 
D112009 0.332 0.674 4.9 N N 

D112120 0.416 0.852 4.9 N N 
D114265 0.328 0.674 4.9 N N 
D114888 0.409 0.852 4.8 N N 

D111986 0.323 0.674 4.8 N N 
D117538 0.408 0.852 4.8 N N 
D112857 0.319 0.674 4.7 N N 

D112874 0.307 0.674 4.6 N N 
D114033 0.303 0.674 4.5 N N 
D114006 0.302 0.674 4.5 N N 

D112012 0.301 0.674 4.5 N N 
D111830 0.353 0.817 4.3 N N 

D114232 0.281 0.674 4.2 N N 
D116467 0.338 0.852 4.0 N N 
D111939 1  0.317 0.817 3.9 N N 

D113923 0.261 0.674 3.9 N N 
D111572 0.315 0.817 3.9 N N 

D111999 0.260 0.674 3.9 N N 
D114176 0.260 0.674 3.9 N N 
D111791 0.314 0.817 3.8 N N 
D111831 0.313 0.817 3.8 N N 
D111787 0.308 0.817 3.8 N N 

D114681 0.299 0.852 3.5 N N 
D111693 0.284 0.817 3.5 N N 
D111801 0.283 0.817 3.5 N N 
D111915 0.281 0.817 3.4 N N 
D114233 0.232 0.674 3.4 N N 
D112072 0.226 0.674 3.4 N N 

D111858 0.253 0.817 3.1 N N 
D111675 0.247 0.817 3.0 N N 

D113550 0.201 0.674 3.0 N N 
D114032 0.198 0.674 2.9 N N 

D113278 0.196 0.674 2.9 N N 

D112837 0.192 0.674 2.8 N N 

D111901 0.230 0.817 2.8 N N 

D111889 0.225 0.817 2.8 N N 

D111841 0.212 0.817 2.6 N N 
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Table 4.4 Raw data of negative results that did not undergo repeat testing (cont.) 

/ I.2 

D116901 0221 0.852 2.6 N N 

D114292 0.171 0.674 2.5 N N 

D116920 0.203 0.852 2.4 N N 

D113581 0.159 0.674 2.4 N N 

D113232 0.156 0.674 2.3 N N 
D113953 0.152 0.674 2.3 N N 

D115353 0.189 0.852 2.2 N N 
D111711 0.180 0.817 2.2 N N 
D111874 0.173 0.817 2.1 N N 
D113267 0.138 0.674 2.0 N N 

D112905 0.135 0.674 2.0 N N 

D111766 0.163 0.817 2.0 N N 

D114891 0.166 0.852 1.9 N N 

D111563 0.159 0.817 1.9 N N 

D111905 0.155 0.817 1.9 N N 

D114262 0.128 0.674 1.9 N N 
D111825 0.152 0.817 1.9 N N 

D113987 0.123 0.674 1.8 N N 
D115328 0.150 0.852 1.8 N N 
D113667 0.116 0.674 1.7 N N 
D114829 0.137 0.852 1.6 N N 
D116155 0.134 0.852 1.6 N N 
D111727 0.128 0.817 1.6 N N 

D111924 0.128 0.817 1.6 N N 

D111884 0.127 0.817 1.6 N N 

D111893 0.126 0.817 1.5 N N 
D111865 0.125 0.817 1.5 N N 
D117535 0.129 0.852 1.5 N N 

D113295 0.102 0.674 1.5 N N 

D111864 0.123 0.817 1.5 N N 
D113430 0.100 0.674 1.5 N N 
D111853 0.119 0.817 1.5 N N 
D111942 0.119 0.817 1.5 N N 

D113186 0.098 0.674 1.5 N N 

D111967 0.095 0.674 1.4 N N 

D114004 0.092 0.674 1.4 N N 
D114261 0.090 0.674 1.3 N N 
D111998 0.089 0.674 1.3 N N 

D115348 0.106 0.852 1.2 N N 
D111755 0.101 0.817 1.2 N N 

D115022 0.104 0.852 1.2 N N 

D113249 0.080 0.674 1.2 N N 

D114742 0.100 0.852 1.2 N N 
D111913 0.093 1 0.817 1 1.1 N N 

D111679 0.091 1 0.817 1 1.1 1  N 

41 



Table 4.4 Raw data of negative results that did not undergo repeat testing (cont.) 

/9 /F-So 
/1 

I / 
0111896 0.089 0.817 1.1 N N 

D111578 0.089 0.817 1.1 N N 
D111827 0.087 0.817 1.1 N N 
D111753 0.086 0.817 1.1 N N 

D112899 0.071 0.674 1.1 N N 

D113184 0.069 0.674 1.0 N N 
D111879 0.083 0.817 1.0 N N 
D111735 0.083 0.817 1.0 N N 
D111918 0.082 0.817 1.0 N N 
D111936 0.079 0.817 1.0 N N 
D111995 0.065 0.674 1.0 N N 

D113956 0.064 0.674 0.9 N N 
D114907 0.077 0.852 0.9 N N 
D111699 0.073 0.817 0.9 N N 
D111937 0.073 0.817 0.9 N N 

D112851 0.060 0.674 0.9 N N 
D114813 0.074 0.852 0.9 N N 
D114226 0.057 0.674 0.8 N N 
D114288 0.056 0.674 0.8 N N 
D113955 0.054 0.674 0.8 N N 
D113977 0.050 0.674 0.7 N N 
D111726 0.058 0.817 0.7 N N 
D113203 0.046 0.674 0.7 N N 
D115484 0.057 0.852 0.7 N N 

D1137711  0.044 0.674 0.7 N N 
D114810 0.052 0.852 0.6 N N 
D115007 0.052 0.852 0.6 N N 
D114260 0.041 0.674 0.6 N N 
D111953 0.049 0.817 0.6 N N 
D115141 0.050 0.852 0.6 N N 
D113182 0.039 0.674 0.6 N N 
D113922 0.038 0.674 0.6 N N 
D112002 0.036 0.674 0.5 N N 
D114833 0.045 0.852 0.5 N N 

D114017 0.034 0.674 0.5 N N 
D115262 0.042 0.852 0.5 N N 
D116136 0.042 0.852 0.5 N N 
D112128 0.041 0.852 0.5 N N 

D112132 0.041 0.852 0.5 N N 
D115004 0.040 0.852 0.5 N N 
D112090 0.038 0.852 0.4 N N 

D114915 0.037 0.852 0.4 N N 
D112095 0.036 0.852 0.4 N N 

D112129 0.036 0.852 0.4 N N 
D114893 0.034 0.852 0.4 N N 
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