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Summary-
The study was carried out to determine the reliability of a saliva 
based test kit for routine detection of HIV antibodies. 150 
paired plasma and saliva samples were collected from 50 pa-
tients who were known to be positive for HIV-! and 100 others 
whose HIV scrostatus were previously unknown. All the plasma 
samples were tested for HIV antibodies using Novopath 
Immunoblot Technique (as the gold standard), Wellcozyme 
(Murex) ELISA, Latex Agglutination Test (Capillus) and 
SeroCard Kit. The saliva samples were screened for HIV anti-
bodies using SalivaCard Test Kit. All the 50 known positive 
patients tested positive when rctestcd with immunoblot and 9 
of 100 whose scrostatus were unknown also tested positive 
giving a total of 59 positive results and 91 negative results. Of 
the 59 positive results, 59, 57, 58 and 47 were correctly identi-
fied as true positives by Wcllcozymc, Capillus, SeroCard and 
SalivaCard respectively. Of the 91 negatives, 90 ,91 ,90 and 85 
were correctly identified as true negatives respectively. 
Sensitivities in the same order were 100%, 97%, 98.3% and 
79.7% whilst specificities were 98.9%, 100%, 98.9% and 97.8%. 
Whereas evaluation parameters for Wellcozyme, Capillus and 
SeroCard test kits met the criteria for licensure of a test kit as a 
routine test method for HIV antibody detection, the SalivaCard 
values fell far short of the stipulated criteria. The Sensitivity, 
Test Efficiency and Positive Predictive Values of 79.7%, 88% 
and 67.8% respectively obtained for SalivaCard arc too low and 
the test kit cannot be recommended for routine use as HIV 
antibody detection kit. 

Keywords: Saliva, HIV-antibodies. Specificity, Sensitivity, Posi-
tive Predictive Value, Negative Predictive Value 

Resume 
L'etude a etc faite pour determiner la precision d 'un Kit de 
depistage base sur la salivc pour la detection routmiere 
desanticorps VIH. 150 paires dc plasma ct de salive ont etc 
prelevede50 maladesdont laseropos i t ive en VIH-1 etait connue 
and lOOautresdont les seroprcvalances de VIH n'etaient connu 
au prealable. Tous les prclevcments ont etc examine pourles 
anticorps VIH en utilisant la technique Novopath Immunoblot 
(comme lanormc d'or), Wellcozyme (Murex) ELISA, Latex Ag 
glutination Test (Capillus) ct Kit dc Scrocard. Lcsprelcvcmcnts 
dcsaliveont subit un depistage pour desanticorps en utilisant 1c 
kiidc depistage SalivaCard. Tous les 50 scroposif du VIH ont 
teste posifit encore ap re s avo i r subi t un aut re 
tcstavccl'immunoblot ct 9 parmi les 100 dont la scroprcvalance 
n'ctait pas connu ont aussi teste positif donnant un total dc 59 
r&ultats positifs ct 91 negatifs Dcs 59 rcsultats, 59, 57, 58 ct 
47 ont etc corrcctcmcnt identifies commc dcs vrais positifs par 
Wellcozyme, Capillus, SeroCard ct SalivaCard rcspectivcmcnt 
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Dcs 91 negatifs, 90,91,90 ct 85 ont etc identifies correctement 
commc etant rcspcctivement dc vrais. Dans le mcmc ordrc dc 
sensitivite etait 100%, 97%, 98.3% et 79.7% tandis que les 
spccificites ctaicnt 98.9%, 100%, 98.9% et 97.8%.Tandis quclcs 
paramctrcs devaluation de Kit dc depistage de Wellcozyme, 
Capillus ct SeroCard ctaicnt conform auxcritaires d'octroi dc 
liccncc d'un Kit dc depistage servant dc mcthode d 'analyse 
routinicredc la detection desanticorps VIH, le Saliva Card nc 
repondait pas a ccs criticres.la sensitivite, I'efficacite dc depistage 
et les positives valcurs prcdictivcs dc 79, 7%, 88% ct 67,8% 
rcspectivcmcnt obtcnus pour le Saliva Card sont tres bas ct 
IcKit dc depistage ne peut ctrc rccommcndc pour unc detection 
routinicrc d'anticorps de VIH. 

Introduction 
Between 1981 when the first eases of AIDS were described in 
the United States of America [1,2] and 1985, diagnosis of HIV/ 
AIDS was mainly presumptive as has been described elsewhere 
[3]. The discovery of the causativc agents of AIDS in 1983 [4] 
opened the doorway for development of laboratory techniques 
for confirmatory diagnosis of HIV infection. 

The initial tests developed were ELISAs (Enzyme Linked 
Immunosorbent Assays) becausc these types of tests had been 
used successfully for the detection of the presence of other 
infectious viral agents [5], Soon after the licensure of ELISA for 
routine screening of blood for the detection of HI V antibodies in 
1985 [6], other techniques became available such as Gelatin 
Particlc, Latex [7] and Red Cell [8] Agglutination tests. There-
after, dot-blot assays and newer generation ELISAs which in-
corporate the use of recombinant or synthetic peptide antigens 
(rather than crude viral lysatc antigens for the detection of viral 
antibodies) were developed. As technology evolved, so did the 
newer tests, both in performance and in the ease of administra-
tion. As such, the newest generation of screening tests arc 
claimcd to be so sensitive as to reduce the serologic window 
period to about 3 to 4 weeks [9]. 

Major drawbacks of all these tests, however, arc that they 
require an invasive procedure (bleeding with needles and sy-
ringes) to obtain materials (blood) for testing. Several health 
workers have bccomc infcctcd as a result of accidental needle 
injury following such procedure [10]. An approach aimed at 
reducing the risk of occupational exposure is the development 
of home based [9] and officc based [11] test systems whereby 
the blood is obtained by the use of a lancct blade and a filter strip 
with blotted blood, which is mailed in a protected envelope to 
the laboratory using an anonymous code [9]. 

The discovery of HIV antibodies in the saliva [12,13,14] 
and the urine [ 15] implies that serological testing for the diagno-
sis of HIV/AIDS can be carried out without recourse to any 
invasive procedure whether needle or lancct. An added advan-
tage of the use of saliva or urine as test specimen is that they arc 
easy and less expensive to collect [9]. A number of test meth-
ods based on saliva arc now being marketed. They have been 
reported to have sensitivity as high as 99.9% [9,16]. Doubts 
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exist, however, as to whether all the available kits will have 
reliability measure as high as this despite the fact that the con-
centration of IgG in the saliva is well above 0.5mg/L, the level 
ncccssary for detection of HIV antibodies [9]. As such, con-
tinuous evaluation and re-evaluation exercises arc required as a 
measure of reliability for these test kits. 

Reports of some of these evaluation exercises have shown 
that saliva dependent serologic testing for detection of HIV an-
tibodies may be significantly less specific and less sensitive 
compared with plasma or serum dependent testing [ 17,18]. Re-
cently, SalivaCard, a saliva-based test kit was introduced into 
Nigeria. Evaluation of the performance characteristics of this 
novel test kit in terms of sensitivity, specificity, test efficiency 
and positive and negative predictive indices in the Nigerian popu-
lation is the object of the present communication. Some of the 
well established test kits such as Wellcozyme (Murex) and Capil-
lus (Latex Agglutination Test) were also re-evaluated for com-
parison. A SeroCard Test Kit from the same manufacturer as 
the SalivaCard (Trinity Biotech Pic, Dublin, Ireland) was also 
evaluated. 

Materials and methods 
Paired plasma and saliva samples were collected from patients 
attending Haematology Outpatients Clinic of the Lagos Univer-
sity Teaching Hospital after informed consent was obtained. 
The patients were in two groups - those whose HIV serostatus 
were known (Western blot confirmed positive) and those whose 
serostatus were yet to be determined. 

All of the plasma samples were tested for HIV antibodies using: 
1) Wellcozyme (Murex) HIV-I and II Kit 

(WellcozymeKit no. K895010) 
2) Capillus HIV-I and II (Cambridge Riotech Ltd.) 

Lot No BO: 7408 
3) SeroCard HIV-I and II (Trinity Biotech Pic, 

Dublin, Ireland) Lot No. D2153 
All assays were carried out according to the manual instructions 
of the manufacturers. Western blot test was run on all the 
plasma samples using Novopath HIV-I Immunoblot (Bio-Rad 
lot no. 9710968) as the reference test [19] 

The saliva samples were obtained using a collection device 
(orapette) supplied by the manufacturer. The orapette consists 
of: 

1) Receiver 
2) Rayon ball 
3) Plunger 

The rayon ball is a pad, which is used to scrape the gum and the 
cheek until wet and then placed in the receiver. The plunger is 
after this, placed in the receiver to squeeze out the saliva which 
is allowed to drop onto the sample port of a pre-prepared 
SalivaCard. The test was done immediately after saliva collec-
tion. There was no need for storage or transportation. 

The SalivaCard has four ports - two sample 
ports, a non-specific peptide binding (NSB) reaction port and a 
test reaction (TR) port coated with synthetic HIV 1 and 2 pep-
tides. The card incubated at ambient temperature for two min-
utes during which saliva moves from corresponding sample ports 
to NSB and TR ports where antibody in the saliva complex with 
peptides. Following a washing step, alkaline phosphatase con-
jugated antihumanglobulin is added to the reaction ports and the 
card incubated again at room temparaturc for another two min-
utes. After a second washing, BCIP substrate solution is added 
and the card incubated again for five minutes before result is 

read. Development of a blue colour at the TR port and no colour 
at NSB port indicate a positive result whilst no colour or light 
blue colour at both TR and NSB ports indicate negative result. 
Development of dark blue colour at NSB irrespective of any 
colour at TR port invalidates the result and the test is repeated 

Evaluation was earned out by determining: 
a) False Positive Results (FPR) 
b) False Negative Results (FNR) 
c) True Positive Results (TPR) 
d) True Negative Results (TNR) 

The results o f Novopath Immunoblot were used as the standard 
[19] and evaluation parameters: 

a) Sensitivities 
b) Specificities 
c) Test Efficiencies (TE) 
d) Negative Predictive Value (NPV) 
c) Positive Predictive Value (PPV) 

were calculated for each assay kit. NPV and PPV calculations 
were based on National Seroprevalcncc valueof5.5%[20].Table 
I shows the method of calculation of these evaluation param-
eters. Values of specificities, sensitivities and predictive indices 
were compared using chi-square test. 

T a b l e 1: Method of calculation of specificity, sensitivity and 
test eff ic iency. 

Test result 
HIV antibodies 
Present Absent Total 

Positive A ( T P R ) B(FPR) (A + B) 
Negative C (FNR) D (TNR) (C + D) 
Total A + C B + D A+B+C+D 

TPR = True positive result FPR j False positive result 
TNR = True negative result FNR = False negative result 

Sensitivity - J x 100 
A+C I 

Specificity - D x 100 
D+B I 

Test A + D x 100 
Efficiency - A + B + C+D / 

R e s u l t s 
A total of 150 patients were bled and their saliva collected Of 
these, 50 were already confirmed HIV-I positive and were at-
tending HIV/AIDS Clinic at Haematology Outpatients in LUTH. 
All were immunoblo t positive on rctcsting. Out of the 100 
patients whose serostatus were previously unknown, nine (9) 
were conf i rmed to be positive for HIV-I by immunoblot assay 
giving a total of 59 positive results and 91 negative results. 

Evaluation Results 
Wellcozyme Kit (Murex) 
All the 59 posit ive results by immunoblot were correctly iden-
tified by this kit as positive (TPR) giving No FNR. Of the 91 
negative results, 90 were correctly identified as negative (TNR) 
giving one FPR. As such, sensitivity, specificity and test effi-
ciency were found to be 100%, 98.9% and 99% respectively 
T h e c a l c u l a t i o n of predict ive indices based on National 
Seroprevalence Rate of 5.5% is presented in table 2 The PPV 
and NPV were respectively 84 l%and 100%. 

Capillus (Latex Agglutination Kit) 
With this kit, 57 of the 59 positive results were correctly iden-
tified as posit ive with two (2) FNR while all the 91 negative 
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results were correctly identified - N o FPR. Sens i t iv i ty , Spec i - recommended test method in most routine laboratories, although 
ficity and TE were respectively 9 7 % , 100% and 9 8 . 7 % . T h e l ^ c test procedure consumes a lot of t ime (at least two hours). 
p p V and NPV were 100% and 9 9 . 8 % respec t ive ly ( table 2). Wel lcozyme is reputed for yielding 100% sensitivities in many 

T a b l e 2: Calculation of P P V and N P V based on H I V s c r o p r e v a l e n c c o f 55/1000 in Nigeria2 0 

Calculation 
parameters I m m u n o b l o t W e l l c o z y m e 

Assay kits 

Capil lus SeroCard SalivaCard 

Senstivity % (S) 100 100 97 98.*4 79.7 
Specificity % (SP) 100 98 .9 100 98.9 97.8 
Test true posit ive ( T T P ) 

98.9 

= PTPN(55) x S 55 55 53.4 54 43 .8 
False negative (FN) 

53.4 54 43 .8 

= PTPN - T T P 0 0 1.6 1 11.2 
Test true Negat ive ( T T N ) 

1.6 11.2 

= PTNN(945) x S P 9 4 5 9 3 4 . 6 945 934.0 924 .8 
False positive (FP) = 

934.0 

P T N N - T T N 0 10.4 0 10.4 20.8 
Positive predict ive 

10.4 

Value % = T T P x 100 
T T P + FP 100 84.1 100 83.9 67 .8 

Negative predict ive 
83.9 

Value % = T T N x 100 
T T N + F N 100 100 99.8 99 .9 98 .8 

°TPN = Prevalence of True Positive in Nigeria =55/1000 
°TNN = Prevalence of True Negative in Nigeria = 945/1000 

eroCard Kit 
"his kit correctly ident i f ied 5 8 o f t he 5 9 p o s i t i v e resu l t s wi th 
ne FNR. It ident i f ied 9 0 o f t he 91 n e g a t i v e r e su l t s c o r r e c t l y 
rith one FPR. It h a s a test s ens i t iv i ty , s p e c i f i c i t y a n d e f f i -
iency o f 9 8 . 3 % , 9 8 . 9 % and 9 8 . 7 % r e s p e c t i v e l y . T h e P P V and 
fPV were 83 .9% and 9 9 . 9 % re spec t ive ly . 

aJtvaCard Kit • 
his kit had the highest F N R , 4 7 o f t he 5 9 p o s i t i v e r e su l t s b e i n g 
jrrcctly identif ied wi th 12 F N R . It a l s o had the h ighes t f a l s e 
jsitive result o f six (6) , 85 o f the 91 n e g a t i v e r e su l t s b e i n g 
jrrectly ident i f ied. Its s e n s i t i v i t y ( 7 9 . 7 % ) a n d s p e c i f i c i t y 
>7.8%) were s ign i f ican t ly d i f f e r e n t f r o m that o f i m m u n o b l o t 
lth assigned va lue of 100%. P < 0 . 0 5 fo r e ach c h i - s q u a r e test, 
he PPV and N P V w e r e 6 7 . 8 % and 9 8 . 8 % r e s p e c t i v e l y ( t ab le 

I. 

Iscussion 
ensitivity and speci f ic i ty a rc t w o i m p o r t a n t p a r a m e t e r s u sed 
i the determination of rel iabi l i ty o f a test kit fo r t he d e t e c t i o n o f 
IV antibodies. W h e r e a s the sens i t iv i ty is d e s i g n e d to e l imi -
ite false negative resul ts by b e i n g ab le to de t ec t v e r y sma l l 
nount of the an t ibodies in a g i v e n s p e c i m e n , s p e c i f i c i t y is 
esjgned to eliminate fa lse pos i t i ve resu l t s b y b e i n g a b l e to d i s -
uninate between H I V an t i bod i e s and o t h e r s i m i l a r a n t i b o d i e s , 
or transfusion service, spec i f i c i ty m a y be s a c r i f i c e d fo r sens i -
vity. This ensures that no b l o o d w i t h t he s l igh tes t a m o u n t o f 
IV antibodies is unde tec ted . At w o r s t , s o m e p in t s that a r c 
uly negative will also be d i s c a r d e d as b e i n g pos i t ive , 
he Wcllcozyme test kit pe r f ec t ly m e e t s th i s c r i t e r ion a n d is t he 

eva lua t ion s tudies [21,22]. In this s tudy, We l l cozyme , Capi l lus 
and SeroCard wi th sensi t ivi t ies o f 100%, 9 7 % and 9 8 . 4 % and 
spec i f ic i t ies of 98 .9%, 100% and 9 8 . 9 % respect ively , h a v e all 
met the criteria for Licensed ELISA Kits [23]. Latex Agglut ina-
t ion Tes t (Capi l lus) [24] and SeroCard [22] have been found to 
g i v e comparab le results with immunoblo t tests in previous evalu-
a t ion studies. 

For Sal iva Card, all evaluablc parameters , except speci-
ficity, had va lues , wh ich fell far short o f the requi red va lues for 
L icensu re for rout ine use as test kit fo r H I V an t ibody de tec t ion 
[23 ] T h e reason for these low va lues m a y not be unconnec t ed 
wi th the low concen t ra t ion of i m m u n o g l o b u l i n s in the sal iva. 
T h e concen t r a t ion of IgA in sa l iva is 8 7 % of that in the p lasma. 
H o w e v e r IgG concen t ra t ion in the sa l iva is m u c h lower be ing 
a p p r o x i m a t e l y 1 / 1000 th of its s c r u m concen t r a t ions ( 1 4 m g / L in 
sa l iva c o m p a r e d wi th 1 4 , 7 0 0 m g / L in p l a s m a [25]). S ince HIV 
a n t i b o d i e s a rc IgG, the low concen t ra t ion o f th is i m m u n o g l o b u -
lin in the sa l iva m a y exp la in the u n a c c c p t a b l y h igh n u m b e r of 
F N R (12 out o f 59). 

T h e low leve ls o f IgG i m m u n o g l o b u l i n s in the sal iva 
m a y not to ta l ly exp la in o u r p resen t resul ts b c c a u s c a level of 
IgG, m u c h l o w e r than 1 4 m g / L ( 0 . 5 m g / L ) , has been repor ted to 
be de tec tab le by sens i t ive test kits [9]. Archibald [16] screened 
sa l iva s a m p l e s u s i n g W e s t e r n blot p r o c e d u r e and f o u n d 9 5 % 
sens i t iv i ty and 1 0 0 % spec i f i c i t y - v a l u e s m u c h h ighe r than our 
p r e sen t findings o f 7 9 . 7 % and 9 7 . 8 % respec t ive ly . A report 
[ 2 6 ] f r o m C o t e d ' I vo i r e w h e r e 75 sa l iva s a m p l e s w e r e eva lu -
a ted fo r H I V a n t i b o d i e s u s i n g G A C E L I S A y ie lded a sensi t iv i ty 
o f 1 0 0 % a n d s p e c i f i c i t y o f 9 7 . 7 % . T h u s , t he d i s c r e p a n c y be-
t w e e n the p resen t and p r e v i o u s r epo r t s m a y be accoun ted for 
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by differences in test kits. It is possible that the SalivaCard 
contains low antigen concentration on the reaction port. Low 
antigen concentration may result in prozonc phenomenon 
whereby antigen-antibody reaction is impaired as a result of 
disproportionate concentrations of antigens and corresponding 
antibodies [ 17]. Test efficiency of 88% for SalivaCard indicated 
the inability of this test kit to correctly identify all true positive 
and true negative test results. Although NPV of 99% implies 
that a person who tested negative by SalivaCard has a probabil-
ity of 0.99 of being truly negative, an individual who tested 
positive by this kit has a probability of 0.68 of being truly 
positive in a population with high HIV seroprevalcncc of 5.5% 
[20] This is unacceptable and the kit should not be recom-
mended for routine screening of HIV antibodies as it is now. 
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