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ABSTRACT

Human T-lymphotropic viruses type 1 and 2 (HTLV-1/2) are prevalent in endemic clusters
globally, and HTLV-1 infects at least 5 to 10 million individuals. Infection can lead to
inflammation in the spinal cord, resulting in HTLV-1-associated myelopathy/tropical spastic
paraparesis (HAM/TSP), or adult T cell leukaemia/lymphoma (ATL). Obtaining venous
blood for serological screening, typically performed using enzyme immunoassays (EIAS), is
invasive, sometimes socially unacceptable and has restricted large-scale seroprevalence
studies. Collecting oral fluid (OF) is a non-invasive alternative to venesection. In this study
an IgG antibody-capture EIA was developed and validated to detect anti-HTLV-1/2 IgG in
OF. OF and plasma specimens were obtained from seropositive HTLV-1/2-infected patients
attending the National Centre for Human Retrovirology (n = 131) and from HTLV-1/2
uninfected individuals (n = 64). The assay showed good reproducibility and high diagnostic
sensitivity (100%) and specificity (100%) using both OF and plasma. The Murex HTLV I+l11
commercial assay was evaluated and did not detect anti-HTLV-1/2 1gG in 14% (5/36) of OF
specimens from seropositive donors. The reactivities of OF and plasma in the 1gG-capture
correlated strongly (r = 0.9290) and were not significantly affected by delayed extraction
when held between 3°C and 45°C for up to 7 days to simulate field testing. The use of OF
serological screening for HTLV-1/2 infection could facilitate large-scale seroprevalence

studies enabling active surveillance of infection on a population level.



45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

INTRODUCTION

Human T-lymphotropic viruses type 1 and 2 (HTLV-1/2) are related retroviruses of the
Deltaretrovirus genus. HTLV-1 infects at least 5 to 10 million people globally in endemic
clusters which include regions in Southwestern Japan, Australo-Melanesia, the Caribbean,
South America, sub-Saharan Africa and the Middle-East (1). Infection is mostly acquired
through sexual transmission or mother-to-child transmission (primarily prolonged
breastfeeding) (2). Infection is life-long and is a cause of significant morbidity and mortality.
Those infected may develop HTLV-1-associated inflammation, of which HTLV-1-associated
myelopathy/tropical spastic paraparesis (HAM/TSP) is the best known, or malignancy,
namely adult T-cell leukaemia/lymphoma (ATL) (3, 4). HTLV-1 infection also impacts on a
number of co-infections, including human immunodeficiency virus (HIV) infection,
strongyloidiasis, Norwegian scabies, and tuberculosis (5, 6, 7, 8). The clinical consequence of
HTLV-2 infection is less well understood but an atypical form of myelopathy has been
reported along with increased urinary and respiratory infections (9, 10).

Serological assays are the principle method for the diagnosis of infection, including
prevalence studies, and HTLV-associated diseases (1, 11, 12). Enzyme immunoassays (EIAS)
are most commonly employed for initial screening due to their ease of use and low cost. The
performance of different EIAs can vary depending on assay format, analyte and viral antigens
used (13). Western blot analyses are frequently performed for confirmation of screening
assay reactivity and to differentiate between HTLV-1 and HTLV-2,

Since acquiring peripheral venous blood is invasive and unacceptable in some populations,
performing serum or plasma-based serological tests can be difficult, especially amongst
paediatric and certain geographically isolated Indigenous populations. Collecting blood from

Indigenous populations has historically been hindered by cultural and religious barriers,
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while securing venous access in children is challenging (14, 15). High rates of infection have
been reported in both populations in endemic regions, but the number of children tested is
often limited (16, 17, 18). Current treatments for HTLV-associated diseases are

unsatisfactory and no vaccine exists; thus, prevention of infection is key. Improving

screening coverage is essential for surveillance, accurately mapping disease occurrence and
targeting resources for infection control, including prevention of maternal-infant transmission.
Various non-invasive sources of bodily fluids for serology have been evaluated. Oral fluid
(OF) includes a plasma transudate known as gingival crevicular fluid (GCF). GCF
accumulates in the crevice between the tooth and the gum and contains 1gG at 800 to 1,000-
fold lower concentration than serum (19). Obtaining GCF-rich OF has previously been shown
to be rapid, safe, and well tolerated (15, 20, 21) and provides an analyte used globally for the
monitoring and diagnosis of measles virus infection. According to Vyse et al. most parents
found collecting OF from 3.5 to 5-year-old children easily performed and few objected to
repeating the process (15).

Although anti-HTLV-1/2 antibodies and proviral DNA have been detected in OF, there has
been limited exploration of the clinical and epidemiological applicability of this approach (22,
23, 24, 25). The aim of this study was to develop and validate an 1gG antibody-capture EIA

to detect anti-HTLV-1/2 1gG in GCF-rich OF suitable for surveillance of HTLV-1/2 infection

at a population level.

MATERIALS AND METHODS
Ethical considerations. Written informed consent was obtained from all named individuals
prior to sample collection. The approval of use of UK samples for HTLV research was

delegated to the Communicable Diseases Research Tissue Bank by the NRES South Central
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Oxford C Research Ethics Committee 15/SC/0089. Residual anonymised OF samples taken

for outbreak control purposes were available for EIA validation.

Clinical samples. One hundred Western Blot-confirmed (Genelabs HTLV 2.4, Singapore)
HTLV-1/2 seropositive patients attending the National Centre for Human Retrovirology, St
Mary’s Hospital, London were enrolled between January and May 2019 donating 131 OF and
plasma paired samples. Their median age was 58 (range, 25 to 81) years. A single patient was
infected with HTLV-2. Nine HTLV-1 infected patients were co-infected with HIV, two of
whom had HAM/TSP. Of the 90 remaining HTLV-1 infected individuals, 34 had HAM/TSP,
10 had ATL, 35 were asymptomatic carriers, two had arthritis, three had presented with
Strongyloides stercoralis infection and six manifested neurological disorders not attributed to
HAM/TSP.

Paired OF and plasma samples were donated by 13 adult volunteers with no history of
HTLV-1/2 infection and OF only from an HIV mono-infected individual. In addition a panel
of 50 anonymised and randomly selected, OF specimens from presumed HTLV-1/2
seronegative individuals (low HTLV-1/2 risk) from UK were donated by Public Health

England. These specimens were previously validated for total IgG quantity >1 mg/I.

Sample collection. Peripheral venous blood was collected into EDTA-containing tubes,
plasma was separated by density centrifugation and then stored at -80°C until assayed. GCF-
rich OF was collected using the Oracol device (Malvern Medical Developments, Worcester,
UK) according to the manufacturer’s instructions. The swab was processed by adding 1 ml
transport medium (10% foetal calf serum, 0.5% gentamicin, and 0.2% amphotericin B in
phosphate buffered saline), followed by manual agitation. The fluid was recovered from the

sponge using a twisting motion. After centrifugation (2,000 rpm for 5 minutes) the eluate was
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transferred into labelled vials and stored at -80°C. The majority of OF samples were
processed the same day (mean time from OF collection to storage of 3 hours 26 minutes
(range, 30 minutes to 7 hours 43 minutes), however 12 samples arrived too late for same day
processing. One was held at room temperature, five at 3°C, two at -20°C and four at -80°C

for up to seven days before extraction.

Enzyme immunoassays. An EIA based on an 1gG-capture format was developed.
Microwells were coated with 100 pl of 5 pg/ml rabbit anti-human 1gG (Stratech Scientific,
Ely, UK) in coating buffer (Clintech) and incubated overnight at 2-8°C. Wells were then
washed with PBS/0.05% Tween 20 once and blocked using 200 pl/well blocking solution
(Microimmune, Guildford, UK) before drying overnight at 37°C. For testing plasma, samples
were diluted 1:200 in transport medium containing an addition of 0.1% Tween 20, 100ul of
which were then added to the wells. For OF testing 100ul were added directly to each well.
The wells were then incubated for one hour at 37°C. Wash fluid was prepared with 10% wash
buffer (Microimmune) in distilled water. The wells were washed five times and 25ul Murex
HTLYV I+11 horseradish peroxidase-labelled conjugate comprising HTLV-1 recombinant
transmembrane protein and HTLV-1 and HTLV-2 envelope based synthetic peptides
(DiaSorin, Dartford, UK) and 25ul/well of conjugate diluent (Clin-Tech, Guildford, UK)
were added at the same time to the well. After incubating for two hours at 37°C the plate was
washed five times and 100 pl/well TMB substrate (Clin-Tech) added followed by a further 30
minutes’ incubation at 37°C. Reactions were stopped using 50ul/well 0.5M sulfuric acid
(Microimmune). Raw optical densities (ODs) were determined by the SpectraMax M2
microplate analyser (Molecular Devices, San Jose, USA) at 450nm. A cut-off value was
calculated from the mean OD of the negative control triplicate on a plate plus 0.1. To

normalise ODs between plates, a signal-to-cut-off ratio (S/CQO) was calculated for each
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sample by dividing its raw OD by the cut-off. A sample was considered reactive if it gave a
S/CO >1.00.

Paired OF and plasma samples from 36 HTLV-1 infected patients and 8 uninfected
individuals were randomly selected and also tested in the commercially-available Murex
HTLV I+l EIA (DiaSorin, Dartford, UK). The assay was performed according to

manufacturer’s instructions.

Reproducibility. The reproducibility of the 1gG-capture assay was assessed by determining
intra- and inter-assay coefficients of variance (CV%). Intra-assay variability was evaluated
by testing one HTLV-1 and one HTLV-2 plasma samples eight times each in the same assay.
For inter-assay variability, seven different HTLV-1 and one HTLV-2 plasma samples were
tested in duplicate, on three separate days. The S/CO of each duplicate was averaged and the
mean and standard deviation over three plates determined. To assess the reproducibility of
oral fluid samples two pools were tested. One pool consisted of 15 OF samples with low OD
values (< 1) while the other pool consisted of 15 samples with high OD values (> 3),
previously determined using the G-capture assay. The intra- and inter-assay coefficients of

variance was determined as for plasma.

Assay performance. Diagnostic sensitivity of the 1gG-capture assay was evaluated for all the
131 OF and plasma samples from the 100 HTLV-1/2 seropositive patients. Sensitivity was
calculated as the percentage of known seropositive samples that were reactive in the assay,
and specificity the percentage of 63 OF and 13 plasma samples from 63 HTLV-1/2
uninfected individuals that were non-reactive. 95% confidence intervals (95% CI) were

determined.
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Analytical robustness of the 1gG-capture assay was evaluated by performing two-fold serial
dilutions of both plasma and oral fluid from two HTLV-1 and one HTLV-2 seropositive
donors in transport medium, until the samples became non-reactive. In order to confirm the
characteristic of a G-capture assay to be a proportionality assay, plasma from one HTLV-1
and one HTLV-2 infected individuals were similarly diluted in plasma pooled from
seronegative donors. S/CO values were then plotted against dilution factors.

To test the reproducibility of anti-HTLV-1 antibody detection over time, paired OF and
plasma samples were obtained from twenty-three HTLV-1 infected individuals, with a range

of clinical status, at two time points a mean of 3.3 months apart (Min-Max: 1-7 months).

Impact of pre-analytical conditions on antibody measurement. The effect of storage
temperature on the detection of anti-HTLV-1/2 1gG was investigated. Thirty-two pairs of OF
samples were obtained from HTLV-1 seropositive patients simultaneously. In every pair one
sample was processed on the day of collection while the other was first placed either at 3°C
(fridge), room temperature, 37°C (incubator), or 45°C (water bath) for 24 hours (five pairs
for each condition). In addition, 6 pairs each were used to examine two critical conditions
(3°C and 45°C) for 7 days. Paired samples were assayed, and S/CO values compared.
Additionally, the effect of freezing and thawing on sample reactivity was examined. Two
processed HTLV-1 antibody-containing OF specimens in storage were selected (one with
high and one with low S/CO value) and each divided into aliquots. Aliquots then completed
five or ten successive freeze-thaw cycles of at least one hour frozen and two hours thawed.

S/CO values were compared to reactivity obtained after one freeze-thaw cycle only.

Statistical analysis. Data were analysed using Prism 8 software (GraphPad, San Diego,

USA).



193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

Spearman’s two-tailed rank correlation analysis was performed to compare S/CO values
between paired HTLV-1/2 antibody-containing OF and plasma samples. Where paired
samples were analysed the Wilcoxon signed-rank test was conducted to compare differences
in S/CO values. S/CO values of infected patients with different clinical phenotypes were
compared using the Mann-Whitney U test. Results were considered statistically significant if

P value was < 0.05.

RESULTS

Reproducibility. The reproducibility of the 1gG-capture assay within and between runs was
assessed (Table 1). Intra-assay coefficients of variance for the reactivity of HTLV-1 and
HTLV-2 plasma samples, expressed as S/CO ratios, were 3.1% and 2.9% respectively. The
inter-assay variability ranged between 4.4% and 10.8% for HTLV-1 samples and was 1.1%
for the HTLV-2 sample. The intra-assay variability for the pooled OF samples with low and
high OD values were 2.6% and 4%, respectively. The inter-assay variability for these pooled

samples were 8.7% and 6.7%.

Assay performance. All 131 paired OF and plasma samples from Western Blot-confirmed
HTLV-1/2 seropositive patients were reactive in the IgG-capture assay, giving a sensitivity of
100% (95% CI, 97.2% to 100%) for both OF and plasma. Based on the 100 patients’ first
time-point sample (i.e., excluding the repeated samples), the 95% CI are 96.4% to 100%. All
13 OF and plasma pairs from uninfected adult volunteers were non-reactive, as were all 50
unpaired OF specimens from presumed seronegative individuals. The OF specimen from an

HIV mono-infected patient was also non-reactive, thereby giving an overall specificity for
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both OF and plasma of 100% (95% ClI, 94.4% to 100% and 75.3% to 100% respectively)
(Figure 1).

Thirty-six paired OF and plasma samples from seropositive patients were assayed in the
Murex HTLV I+11 EIA for comparison, following the manufacturer’s instructions for serum.
While all 36 plasma samples were reactive, 5 of 36 OF samples were non-reactive giving
sensitivities of 100% (95% CI, 90.3% to 100%) and 86% (95% CI, 70.5% to 95.3%)
respectively. The OF samples that were non-reactive in the Murex HTLV I+I1 EIA all had
low reactivities in the 1gG-capture assay with S/CO values that ranged between 1.46 and
11.39. All eight paired OF and plasma specimens from seronegative individuals were non-
reactive yielding a specificity of 100% (95% CI, 63.1% to 100%) (Figure 1).

The correlation of S/CO values of paired OF and plasma samples from infected patients was
strong (rs = 0.9290, P < 0.0001) with the 1gG-capture assay but not with the Murex HTLV
I+11 EIA (rs = 0.2707, P = 0.1103) (Figure 2). In both assays the overall distribution of S/CO
values for plasma were higher than OF but there was a larger discrepancy with the Murex
HTLV I+11 EIA (Figure 1 and Figure 3). The median difference between paired OF and
plasma reactivities was 3.33 (P < 0.0001) and 0.7731 (P < 0.0001) with the Murex HTLV
I+11 and 1gG-capture assays respectively (Figure 1).

The analytical robustness was evaluated to determine the range of concentrations over which
anti-HTLV-1/2 antibodies in samples remained detectable in the 1gG capture (Figure 4).
When diluted in transport medium, an HTLV-1 antibody-containing plasma samples
remained reactive up to a dilution of around 1:512,000 to 1:256,000 and an HTLV-2
antibody-containing plasma sample remained reactive to 1:16,000. A plateau of high S/CO
was observed in both across dilutions up to 1:16,000 and 1:4,096 respectively, which
thereafter declined. When HTLV-1 OF specimen were similarly diluted the limit of detection

occurred at a dilution of 1:4,096 but the plateau was observed only to 1:64 for both samples.

10
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Regarding the HTLV-2 OF sample, the limit of detection was 1:8 and the plateau occurred up
to 1:4. However, when HTLV-1 and HTLV-2 antibody-containing plasma samples were
diluted in plasma pooled from seronegative donors the S/CO declined rapidly and the
samples became non-reactive at dilutions of 1:2,048 and 1:4 respectively, confirming that the
reactivity is associated with the proportion of the target antibody to total antibody, rather than
their absolute concentration.

Paired samples collected at different time-points from the same patients showed similar

results for both plasma and OF using 1g-G capture assay (P = 0.6787; P = 0.1747) (Figure 5).

Antibody reactivity levels by clinical phenotype. S/CO values of plasma and OF samples
from infected patients with clinical phenotypes of HAM/TSP, ATL, or asymptomatic carriage
(AC) of infection were compared (Figure 6). Antibody reactivities were highest in specimens
obtained from HAM/TSP patients (median S/CO plasma; OF= 22.6; 22.43) followed by ATL
patients (median S/CO plasma; OF = 21.19; 22.18). Asymptomatic carriers had the lowest
antibody reactivities (median S/CO plasma; OF = 11.49; 8.21), significantly lower than that

of HAM/TSP patients (P < 0.0001).

Stability of anti-HTLV IgG. In preparation for field testing, OF samples were investigated
for the stability of anti-HTLV-1/2 1gG-capture reactivity under different simulated
environmental conditions. Delaying processing of OF specimens (n=5) at different
temperatures for 24 hours did not significantly affect their reactivity for anti-HTLV-1/2 IgG
(3°C, P =0.4375; room temperature, P = 1.00; 37°C, P = 0.4375; 45°C, P = 0.0625) (Figure
7). When samples were held at 3°C and 45°C for 7 days (n=6), there was no significant
difference in reactivity (3°C, P =0.0938; 45°C, P = 0.0625) although a single OF specimen

at 45°C and one at 3°C became non-reactive from a S/CO of 6.79 and 1.05, respectively.

11
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Submitting processed OF samples to consecutive freeze-thaw cycles of five or ten times also
did not result in any loss in reactivity (S/CO freeze-thaw 1x, 5x, 10x: Sample with High

S/IC0=24.8, 25.1; 27.4; Sample with low S/CO: 5.3, 5.5, 5.7).

DISCUSSION

This study evaluated the performance of an immunoglobulin-capture assay to detect anti-
HTLV-1/2 1gG in GCF-rich OF using a commercially available horseradish peroxidase-
labelled antigen. The assay was highly sensitive (100%) and specific (100%) on both OF and
plasma and showed good reproducibility. For comparison the commercially-available Murex
HTLV I+I1 EIA which is optimised to detect anti-HTLV-1/2 antibodies in serum was
evaluated. This assay demonstrated 100% sensitivity using plasma, consistent with previous
findings but did not identify anti-HTLV-1/2 in 14% of OF specimens from infected patients
(26). This observation is not surprisingly since this double antigen binding assay is
configured solely for the analysis of serum or plasma.

The global burden of HTLV-1 infection is likely an underestimation, partially owing to a lack
of population-based studies in many regions including large parts of Asia and Africa (1). In
particular, data concerning infections in children are limited (18). HTLV-1-infected children
have a lifetime risk of developing ATL as high as 20% (27). In addition, they are at greater
risk of developing infective dermatitis, juvenile HAM/TSP and ATL, and of stunted physical
growth (28, 29, 30). Indigenous populations of Central Australia, Africa and South America
represent another challenge to conducting epidemiological studies, in part related to a
reluctance in partaking in biomedical research (31). Amongst Indigenous Australians HTLV-
1-associated bronchiectasis contributes to poor clinical outcomes in adults but little is known

about paediatric prevalence (32). Moreover, the high asymptomatic viral carriage rate and

12
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prolonged clinical latency before manifestation of overt HTLV-1-associated disease further
emphasises the need for active surveillance of infection on a population basis.

Because OF contains serum-derived IgG, it has been evaluated as a non-invasive alternative
to venous blood for serological diagnosis of various infections including HIV, measles,
mumps, rubella (MMR), and hepatitis A virus (33, 34, 35). OF collection is quick,
straightforward, and can be conducted at home or in the community, allowing large numbers
of samples to be collected in a short period of time. The use of OF for diagnosis has the
additional advantages of not requiring the skills of a phlebotomist nor facilities to dispose of
sharps and also provides, as we have shown, a relatively stable analyte for onwards transfer
to a centralised testing facility. It has been shown to be well-tolerated amongst children (15,
21). OF serology has the potential for high acceptance among Indigenous populations and to
enable the large population-based studies of HTLV-1/2 infection needed to assess the impact
of this infection. A pilot study should now be conducted to confirm the acceptability of OF
collection in the field especially amongst Indigenous populations.

Although OF contains considerably less IgG than serum and plasma, 1gG-capture assays
detect even low concentrations of anti-HTLV-1/2 1gG in analytes under test. The advantage
given by this format is that as long as there is sufficient 1gG to saturate the solid phase the
initial concentration is not important. Usually for diagnostic purposes it is necessary to
validate samples as suitable for testing by demonstrating a minimum level of detectable 19G,
but this is difficult to do in the field and is why initial studies should be undertaken to show
that field-sample pairing of OF and plasma results in similar S/CO reactivities. This was
widely examined in recent studies using OF sampling to detect anti-Ebola virus antibody and
showed a similar utility in field epidemiology without recourse to 1IgG measurement (36, 37).
The reactivity which a sample gives in an IgG-capture assay depends not on absolute

immunoglobulin titres per se but rather on the proportion of specific antibody in the 1gG

13
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captured on the solid phase. Assays of this format display an extended plateau of reactivity,
allowing further dilution in serum free fluids confirming a robustness to inadvertent dilution
of the OF (Figure 4). By contrast in the Murex HTLV I+l double antigen-binding assay
sample reactivity is influenced by the absolute titre of the specific antibody (38) and is also
impacted upon when analytes other than serum/plasma are investigated. This feature of
robustness of the 1gG-capture assay was highlighted by the strong positive correlation
between paired OF and plasma S/CO reactivities, indicating that the assay detected similar
proportions of anti-HTLV-1/2 IgG in both fluids irrespective of differences in I1gG levels as
previously described for anti-Ebola virus antibody (36). Thus, when anti-HTLV-1/2-
containing plasmas were diluted serially in a diluent not containing human IgG in the
antibody-capture assay the S/CO remained unaffected across multiple dilutions, and anti-
HTLV-1/2 IgG reactivity was detected up to at least 1:256,000 dilution. A similar pattern was
observed when OF from an HTLV-1/2 seropositive individuals were diluted, although the
S/CO declined from the saturation plateau and reached the limit of detection at lower
dilutions. This is to be expected given the lower IgG content in OF resulting in the solid
phase becoming desaturated earlier since the OF represents ab initio approximately a 1 in 500
-1000 dilution of plasma. By contrast, anti-HTLV-1/2 antibody-containing plasma specimens
diluted in plasma pooled from seronegative donors rapidly became non-reactive because of
the presence of non-reactive 1gG that reduced the proportion of anti-HTLV-1/2 1gG in the
captured IgG. The greater diagnostic sensitivity of the 1gG-capture assay is a measure of the
low amount of IgG required in the analyte to saturate the solid phase. The OF samples that
were non-reactive in the Murex HTLV I+11 EIA all had low levels of anti-HTLV-1/2 1gG.
As antibody-capture assays represent the relative anti-HTLV-1/2 1gG proportions in the
captured IgG, plasma S/CO values were used as a semi-quantitative indication of antibody

titre and compared between infected individuals of different clinical phenotypes. HAM/TSP
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patients exhibited the highest levels of anti-HTLV-1/2 IgG reactivity, in agreement with
previous reports (39, 40). Interestingly, patients with ATL and asymptomatic carriers
demonstrated greater heterogeneity of antibody reactivities. High levels of anti-HTLV-1/2
IgG in carriers have been identified as a risk factor for ATL (41). By contrast low reactivity
in some ATL patients may result from impaired humoral immunity secondary to either the
disease or anti-neoplastic therapy as reported for acute lymphoblastic and acute myeloid
leukaemias (42, 43).

Another objective of this study was to determine the stability of OF anti-HTLV-1/2 I1gG
under varying environmental conditions. HTLV-1/2 infections are commonly found in
populations inhabiting tropical and sub-tropical regions, and samples could potentially be
exposed to extremes of temperatures in transit. However, OF specimens submitted to
temperatures between 3°C and 45°C for up to 7 days before processing did not show
significant change in anti-HTLV-1/2 IgG levels. Freeze-thawing extracted OF successively
also did not affect reactivities, consistent with previous findings that demonstrated stability of
anti-MMR antibodies in serum after up to ten freeze-thaw cycles (44). This is advantageous
for example when samples need to be removed from storage for re-testing or transportation.
The stability of anti-HTLV-1/2 1gG reactivities could be because antibody-capture assays
remain sensitive to low immunoglobulin concentrations, such that even if antibody protein
denaturation did occur 1IgG measurements would not be significantly compromised, although
this was not tested (45). It is important to highlight that optimal assay protocols should still
consist of the immediate extraction of the oral fluid from foam swabs.

Clinical specimens evaluated in this study were obtained from individuals who might not be
truly representative of those seen in HTLV-1/2 endemic areas, particularly in Africa where
co-infections with different pathogens are common. Indeed, HTLV-1 false positivity on

serological assays, usually of indirect immunoassay format has been observed and postulated
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to arise through cross-reactive anti-Plasmodium falciparum antibodies (46). Moreover, the
impact of oral health on the quality of IgG in OF has not been examined in depth and HTLV-
1 infection has been associated with poorer oral status characterised by reduced salivary flow,
periodontitis, and gum-tooth detachment (47). Such pathologies are however likely to be
associated with enhanced GCF IgG. Therefore, the OF and serum or plasma samples from
individuals in endemic regions should be evaluated to further validate the assay. In the
current study, only one oral fluid sample from a HTLV-2 infected individual was included.
The 1gG capture assay correctly detected antibodies in this sample. All eight historical
plasma samples from HTLV-2 infected patients were also reactive (data not shown). More
oral fluid samples obtained from HTLV-2 patients should be included in the future to confirm
the assay sensitivity for HTLV-2.

In summary, OF serological testing using the described HTLV-1/2 antibody-capture EIA is
highly sensitive and specific. OF represents a non-invasive alternative to venous blood for
detecting anti-HTLV-1/2 IgG and opens the potential for large-scale community

seroprevalence studies, even in remote areas.
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Tables

TABLE 1

Reproducibility of the 1gG-capture assay assessed by intra- and inter-assay coefficients of

variance (CV%) for reactivities of anti-HTLV-1/2 antibody-containing plasma samples,

expressed as S/CO values.

Sample Mean S/CO (SD) CV (%)
Intra-assay variability
Plasma
HTLV-1 sample A 21.84 (0.69) 3.1%
HTLV-2 sample B 3.05 (0.09) 2.9%
Oral Fluid
Pool with low S/CO 5.55 (0.15) 2.65%
Pool with high S/CO 20.91 (0.84) 4%
Inter-assay variability
Plasma
HTLV-1 sample A 21.63 (1.39) 6.4%
HTLV-1 sample B 7.25 (0.64) 8.9%
HTLV-1 sample C 21.27 (0.93) 4.4%
HTLV-1 sample D 19.73 (1.17) 5.9%
HTLV-1 sample E 8.73 (0.94) 10.8%
HTLV-1 sample F 6.39 (0.33) 5.2%
HTLV-1 sample G 5.35(0.35) 6.5%
HTLV-2 sample A 2.96 (0.03) 1.1%
Oral Fluid
Pool with low S/CO 6.05 (0.53) 8.7%
Pool with high S/CO 22.36 (1.5) 6.7%

S/CO: Signal to cut-off ratio; SD: Standard Deviation; CV: Coefficient of

variation
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Figure Legends

FIGURE 1

Comparison of paired OF and plasma samples, expressed as S/CO values, A) 100
seropositive (n = 131 paired samples) and 13 seronegative individuals in the 1gG-capture
assay, B) 36 seropositive and 8 seronegative individuals in the Murex HTLV I+l EIA; Black
dots denote samples from seropositive individuals, and red from seronegative individuals.
Solid horizontal bars show median. The horizontal dashed line indicates the S/CO at 1.00,

above which samples are considered reactive.

FIGURE 2.

Correlation of 131 paired OF and plasma samples from 100 seropositive individuals,
expressed as S/CO values, in the IgG-capture assay (A) and 36 paired OF and plasma
samples from seropositive individuals in the Murex HTLV I+l EIA (B). Spearman’s rank

correlation coefficient (r) is shown. P value indicates degree of statistical significance.

FIGURE 3
Comparison of OF (C) and plasma (D) samples analysed by IgG-capture assay and Murex
HTLV I+11 EIA. The horizontal dashed line indicates the S/CO at 1.00, above which samples

are considered reactive.

FIGURE 4
Analytical sensitivity of the IgG-capture assay based on two-fold serial dilutions of anti-
HTLV-1/2 antibody-containing plasma (A) and OF (B) in transport medium, and of antibody-

containing plasma in plasma pooled from seronegative donors (C), until the limit of detection.
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The horizontal dashed line indicates the S/CO at 1.00, above which samples are considered

reactive.

FIGURE 5

Variation of S/CO values over time in 1gG-Capture assay. Samples obtained from 24
individuals, with an average of 3.3 months between the two time-points. A) plasma, B) Oral
Fluid. The horizontal dashed line indicates the S/CO at 1.00, above which samples are

considered reactive. P value indicates degree of statistical significance.

FIGURE 6

Comparison of S/CO values of plasma (A) and oral fluid (B) samples from HTLV-1 infected
patients presenting with a clinical phenotype of HTLV-1-associated myelopathy (HAM/TSP)
(n=34) , adult T cell leukaemia/lymphoma (ATL) (n=10), or asymptomatic carriage (AC) of
infection (n=35). Solid horizontal bars show median. P value indicates degree of statistical

significance.

FIGURE 7

Comparison of S/CO values between anti-HTLV-1/2 antibody-containing OF samples
submitted to delayed processing at various temperatures (3°C, room temperature [RT], 37°C,
45°C) for 24 hours (24h) or 7 days (7d) and samples extracted on the day of collection. Each
temperature condition was evaluated by five different paired OF specimens for 24 hours and
six paired samples for seven days. The horizontal dashed line indicates the S/CO at 1.00,
above which samples are considered reactive. P value indicates degree of statistical

significance.
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