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EFFICIENCY OF INDIRECT IMMUNOFLUORESCENCE ASSAY AS A CONFIRMATORY TEST FOR THE
DIAGNOSIS OF HUMAN RETROVIRUS INFECTION (HIV-1 and HTLV-I/Il) IN DIFFERENT AT RISK

POPULATIONS

René GASTALDELLO, Sandra GALLEGO, MariaBeatriz|ISA, SilviaNATES & SilviaMEDEOT

SUMMARY

Wecompared theindirect immunofluorescence assay (IFA) with Western blot (Wb) asaconfirmatory method to detect antibodies
anti retrovirus (HIV-1 and HTLV-I/I1). Positive and negative HIV-1 and HTLV-1/1l serum samples from different risk populations
were studied. Sensitivity, specificity, positive, negative predictive and kappaindex values were assayed, to assess the | FA efficiency
versusWh. Thefollowing cell lineswere used as asource of viral antigens: H9 (HTLV-I11 b); MT-2 and MT-4 (persistently infected
withHTLV-I) and MO-T (persistently infected with HTLV-11). Sensitivity and specificity ratesfor HIV-1 were 96.80% and 98.60%
respectively, while predictive positive and negative values were 99.50% and 92.00% respectively. No differenceswerefound in HIV
IFA performance between the various populations studied. As for IFA HTLV system, the sensitivity and specificity values were
97.91% and 100% respectively with positive and negative predictive values of 100% and 97.92%. Moreover, the sensitivity of the
IFA for HTLV-I/1l proved to be higher when the samples were tested simultaneously against both antigens (HTLV-I-MT-2 and
HTLV-1I-MO-T). The overall IFA efficiency for HIV-1and HTLV-1/11-MT-2 antibody detection probed to be very satisfactory with
an excellent correlation with Wb (Kappaindexes 0.93 and 0.98 respectively). These results confirmed that the IFA isasensitive and
specific aternative method for the confirmatory diagnosis of HIV-1 and HTLV-I/Il infection in populations at different levels of risk

to acquire the infection and suggest that IFA could be included in the serologic diagnostic algorithm.
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INTRODUCTION

Retroviruses are a large family, primarily of vertebrate viruses,
athough they are aso found in other animals, such as insects and
mollusks. Human retroviruses might be responsible for such biologic
disorders as leukemia, immunosuppression, and dementia. The world-
wide outbreak of the Acquired Immunodeficiency Syndrome (AIDS) is
theresult of infection with retroviruses HIV-1 and HIV-2 which belong
to the lentivirus group. The HIV-1 virus is found al over the world,
whereas the HIV-2, which was isolated in Western Africain 1986, has
now been found occasionally in most regions where it has been sought.
A number of cases have been reported in Europe, America and
Asia®3334,

On the other hand, the Human T-cell Lymphotropic Viruses type |
(HTLV-I) and type |l (HTLV-II) areclosely related type C retroviruses
belongingto HTLV-BLV group viruses. HTLV-I has been shown to be
the etiologic agent for such diseases as aggressive adult T cell leuke-
mia/lymphoma and HTLV-I associated myelopathy or tropical spastic
paraparesis (HAM/TSP), but there are several argumentsto suggest that
the virus might have awider disease range associated with the decay of
connectivetissue. In contrast, HTLV -1 wasisolated from two individu-

als undergoing hairy T-cell leukemia, but it has not been consistently
associated with any disease, though a neurologic disorder similar to

HAM/TSP has been reported in several HTLV-II infected sub-
jectsl,2,5,13-15,18,22,27,3032,36_

The diagnosis of these retroviruses infection is generally based on
an specific antibody detection. Antibodiesagainst variousvira structure
proteins are measured by a number of simple and sensitive initial
screening tests. The commercialy available enzyme immune assay
(EIA) has been well established and widely used as a highly sensitive
method for screening blood donors and high-risk individuals for anti-
body to human retroviruses®, but "false positive" results have been
shown to occur with thistest because of crossreactionsto HLA antigens,
some parasites such as Plasmodium and T. cruz or other retroviruses.
Other causes of false positive test results are repeated by freezing and
thawing of the serum specimen, lipemic serum specimens, serum con-
taining hemolyzed red blood cells, highly concentrations of immuno-
complexes, etc®. Another commonly used method is the Particle
Agglutination assay (PA). It has severa major advantages including
easy management and sensitivity to the detection of antibodiesto whole
vird antigensll. A reliable confirmatory, well accepted assay must be
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used to retest all EIA-PA positive specimens because specificity isless
than 100%. Serological assays known to be effective for confirming
positiveresultsinclude: Immunofluorescence assay (1FA), Radioimmu-
noprecipitation assay (RIPA) and Western blot test (Wb)

Because of the ease of use and specificity of reactivity, theWhisa
standard “confirmatory” assay followinginitial HIV-1 screeni ngZ5, but
alot of indeterminate results for HTLV-I/11 have been reported by this
technique21'24'37. Indeterminate serum samples may be caused by sev-
erd factorsincluding low antibodies titers, early seroconversion to the
viral infection, other unknown closely related retrovirus, or antibodies
against cellular components sharing epitopes with HTLV. Certain
monoclonal antibodies against HTLV -1 p19 have been demonstrated to
recognize unique cellular antigenszg. On the other hand, the IFA has
been auseful andtechnically si mgl eassay employed to detect antibodies
to retroviruses, including HTLV 8 The primary advantages of the IFA
are the convenience and speed which test results may be attained.
Moreover, the use of an uninfected cell control greatly ensures high
assay specificity. Several reports have proved IFA to be very sensitive
and specific asaconfirmatory human retrovirusantibody assay, depend-
ing on the cell-derived viral antigen used>*7+1017,2023.2629 '\ reover,
despite the close make up resemblance between HTLV-1 and HTLV-II,
IFA alows the discrimination between these two viral infections'?,
Nevertheless, in testing blood bank specimens and sera from local
laboratories, many discrepancies were found between IFA and wh'°
indicating that the predictive values of IFA results should be verified,
especidly inindividualsin low-risk groups.

The aim of this work was to evauate the use of IFA test as a
confirmatory human retroviruses antibody assay. We compared results
obtained by Wb and IFA for detection of antibodies to HIV-1 and
HTLV-I/ll in several groups of sera, including those from high-risk
individuals and low risk populations.

MATERIALSAND METHODS

Cdll lines

The following HIV-1 and HTLV-I/II infected cell lines have been
used as a source of vira antigens:

-MT-2 and MO-T prototype HTLV-l and HTLV-II persistently
infected cell strainsand the HT uninfected cell linewere supplied by Dr.
Renu B. La (CDC, Atlanta, USA).

-MT-4, another HTLV-I persistently infected cell strain and H9
(HTLV-I1I b) infected and H9 uninfected cell lineswerekindly provided
by Dr. Horacio Salomdn, from the School of Medicine, University of
Buenos Aires, Argentina.

All cell lineswere cultured at 37°C and 5% CO2in RPMI 1640 with
20% Fetal Bovine Serum (FBS), 3% L -glutamine and 25 mM HEPES.
Cultures were doubled weekly by diluting them 1:2 in fresh medium.
Serum panels

The retrovirus antibody status of all the serum panels that were
selected for thisstudy werepreviously confirmed by Wh. They included:
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A) 15 serum specimens obtained from the CDC Performance Evalu-
ation Program for HIV-1 testing.

B) 52 serum specimens obtained from the CDC Performance Evalu-
ation Program for HTLV-1/I1 testing.

C) 164 serafrom subjects at low risk for retroviral infection (blood
donors).

D) 120 serafromvarious patientsat highrisk for both HIV-1 (n:107)
and HTLV-I/Il (n:13) infection (hemodialyzed subjects, i.v. users, ho-
mosexuals, hemophiliacs and prostitutes from Cordoba, and Tobas
Indian tribes from Chaco Province, Argentina).

Indirect Immunofluorescence Assay (IFA)

Air dry acetone-fixed dlides with either HTLV-III b H9 cdl or
HTLV-I/Il infected cells were used as source of antigens. Uninfected
H9and HT cellswereincluded ontheslidesasacontrol of inespecificity.
The IFA smears were prepared according to the procedure that was
described previously by GALLEGO et al & . For the IFAs, the serawere
diluted at 1:10 and 1:4 in phosphate buffered saline (PBS) for HIV-1
and HTLV-I/I respectively following the standard procedure. Briefly,
10 uL of every specimen or control dilution was added onto aslide well
coated with infected cellsand 10 uL onto awell coated with uninfected
cells. The specimens were then incubated for 30 min at 37 °C in a
humidity box. After being washed threetimeswith PBS and them dried,
FITC-conjugated anti human 1gG (10 uL) was added to each well and
incubated at 37 °C in ahumidity box during 30 min followed by washing
asabove. A buffered glycerol (pH: 8.0) solutionwasplaced onthedlides,
followed by a cover dip. This procedure preserved fluorescence for
several days. Sera were considered positive for HIV-1 and HTLV-1/11
antibodi eswhen characteristic cytoplasmic staining oninfected cellsand
no IFA staining on uninfected cell lines were observed.

RESULTS

In this study atotal of 256 and 95 sera confirmed by Wb for HIV-1
and HTLV-I/Il respectively, were tested by IFA in order to compare
assay sensitivity and specificity. The results obtained with the 256 sera
confirmed by Wb for HIV-1areshownin Table 1. Theoverall sensitivity
of IFA for anti HIV-1 antibody detection resulted in 96.80% with a
specificity of 98.60%, and with a positive and negative predictive value

Tablel
Comparison of IFA and Wb HIV-1 antibody results obtained on serum
specimens from different popul ations from Cordoba, Argentina

Western blot
IFA Positive Negative
Positive 181 1
Negative 6 68

Sensitivity: 96.80%

Specificity: 98.60%

Positive predictive value: 99.50%
Negetive predictive value: 92.00%
Kappaindex: 0.93.
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(PPV and PPN) of 99.50% and 92.00% respectively. Moreover, there
was a high correlation between IFA and Wb reactivity (Kappaindex of
0.93)

The HIV-1 IFA resultsfor low and high risk individuals panel sera
are shown in Table 2 and 3 respectively. Data, obtained from these two
population specimens showed that the IFA specificity, sensitivity, pre-
dictive values and Kappa index versus Wb were comparable.

IFA HTLV-I/1I test results onto MT-2 cell line are shown in Table
4. Therewas nearly full agreement between IFA and Wb on the 95 sera
tested. Only one HTLV-I/Il Wb positive serum showed no detectable
antibody by IFA with asensitivity of 97.91%, aspecificity of 100% and
a PPV and PPN of 100% and 97.92% respectively. The Kappa index
was0.98 (Table4). In order to assess the efficiency of different infected
cell lines to detect anti HTLV-I/1l antibodies by IFA, we assayed the
antigenicity of MT-2 (HTLV-I), MT-4 (HTLV-I), MO-T (HTLV-II),
andthe1:1 ratiomixtureof MT-2and MO-T cell suspension using serum
panels from different HTLV-I/Il infected individuals with positive or
indeterminate HTLV-1/I1 Wb status. Resultsare shownin Table 5. From
the 11 HTLV-I/Il Wb indeterminate samples, 3 were negative (IFA
antibody titer lower than 4) onto MT-2 cell line, 3 onto MT-4 cell line
and 8 onto MO-T cell line, being &l positive onto the MT-2/MO-T
mixture smears. From the HTLV-I/Il Wb positive sera tested, 5 were
negativeonto MO-T cdll line, 1 ontoMT-2 andthe M T-2/MO-T mixture
smears, whereas MT-4 cell linefailed in the detection of 3 of them.

Table2
Comparison of IFA and Wb HIV-1 antibody results obtained on serum
specimens from blood donors from Cordoba, Argentina

Western blot
IFA Positive Negative
Positive 113 0
Negative 2 19
Sensitivity: 98.30%
Specificity: 100%
Positive predictive value: 100%
Negative predictive value: 90.50%
Kappaindex: 0.96.
Table3

Comparison of IFA and Wb HIV-1 antibody results obtained on serum
specimens from populations at high risk from Cordoba, Argentina

By using thecomparison of |FA serumtiter against MT-2and MO-T
antigen, eighteen out of 27 sera studied were typed as HTLV-I, 4 as
HTLV-II, and the rest of the samples remained as HTLV-l/Il (no
differences in IFA antibody titer onto MT-2 and MO-T antigens were
found) (Table 5).

DISCUSSION

Current confirmatory testing for retrovirus antibodies is based pri-
marily onimmunobl ot>1%2023 \We have demonstrated in thi sstudy that
the IFA showed sensitivity and specificity comparableto Wb and could
be used as a simple aternative or reference assay for the standard Wb
test. The IFA and Wb test result determining Kappa index indicated a
high level of agreement (more than 90%) between the two methods for
both viral systems (Tables 1 and 4).

The IFA has been used in diagnostic laboratories successfully for 2
decades and the potential utility of the IFA for the detection and
quantification of HIV-1 antibodies has been well documented. Simi-
larly, the capability of an IFA using HIV-1 infected CEM and H9 cells
to serve as a confirmatory test to replace or complement the Wb test in
various patients at high risk was recently reported4'29. However, it has
not been sufficiently standardized for the usein low risk populations as
blood donors. Moreover, it is well recognized that IFA and Wb test
positive result agreement may vary significantly depending upon the
population screened and the criteria used for interpreting indeterminate
resultst®.

Our evauation of the IFA for antibodies to HIV-1 proved to be a
suitable procedure for the diagnosis of infected individuals regardless
of their risk levels. Thus, the positive and negative predictive values did
not vary between the populations studied (Tables 2 and 3).

Furthermore, the IFA test for the HTLV system proved to be an
equally sensitive and specific aternative method to Western blotting.
Although MT-2 and MO-T cell antigens were able to detect antibodies
against both viral types (HTLV-I and HTLV-II), the sensitivity of the
test was higher when antibodies were confronted with the homologous
antigen. Therefore, M T-2 line has been shown to be more sensitive than
MT-4 and MO-T linesto detect anti HTL V- antibodies, whereasMO-T
line proved to be more sensitive to detect anti-HTLV-I1 antibodies. The
highest sensitivity of HTLV IFA test was obtained when sera were
confronted with the mixture 1:1 of MT-2/MO-T cell lineswhich enable

Table4
Comparison of IFA and Wb HTLV-1/I1 antibody results obtained on serum
specimens from different populations from Argentina.

Western blot Western blot
IFA Positive Negative IFA Positive Negative
Positive 59 1 Positive 47 0
Negative 3 44 Negative 1 47

Sensitivity: 95.20%

Specificity: 98.00%

Positive predictive value: 98.30%
Negative predictive value: 93.62%
Kappaindex: 0.92.
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Sensitivity: 97.91%

Specificity: 100%

Positive predictive value: 100%
Negative predictive vaue: 97.92%
Kappaindex: 0.98.
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Differential antigenicity of three HTLV-I/II infected cell lines by indirect im/l;\;tajﬁcl)?l'ﬁor&mmce assay using serafrom distinct HTLV-I/11 infected popul ations from
rgentina

Immunofluorescence antibody titers(*) Typing

n  Population Whb HTLV-I HTLV-II HTLV-1/11
MT-2 MT-4 MO-T MT-2/MO-T

2  Hemodia 4+ 128-512 >8 8-64 >16 HTLV-I
1 | I.V.drugs + 1024 >8 128 >16 HTLV-I
1 | Hemophil + 32 >8 4 8 HTLV-I
2 | Blood donors + 64-128 >8 32-128 >8>32 HTLV-I/II
1 | Blood donors % 128 >8 16 > 32 HTLV-I
1 Nodata + >4 >4 >4 >4 HTLV-I/1I
1 | Hemophil + 32 <4 4 16 HTLV-I
1 | Bisexua + 16 <4 <4 >16 HTLV-I
1 Toba + 8 4 <4 16 HTLV-I
1 | Blood donor + 128 >8 <4 >8 HTLV-I
1 Nodata + >4 >4 <4 >4 HTLV-I
1 | Blood donors % 32 ND ND >8 HTLV-I/1
1 Nodata + <4 <4 <4 <4 HTLV-I/1I
2  Blood donors I 8 <4 <4 >8 HTLV-I
1 | Nodaa I <4 <4 64 16 HTLV-II
2 Toba I <4 4 8-64 16 HTLV-II
1 Toba I 8 4 <4 >16 HTLV-I
5  Blood donors I 8-128 4->8 <4 >8 HTLV-I
1 Toba + 256 >8 1024 >16 HTLV-II

(*) Numbers represent reciprocal of final positive serum dilution. Titers > 4 were considered significant.

ND: no done, +: positive, |: indeterminate.

us to define diagnosisin all Wh indeterminate samples. Consequently,
according to GALLO*, when studying populations where both viral
types may occur, both cell lines must be employed as IFA antigens.

Thelack of antibody detection in one of the HTLV-I/I1 positive Wb
serum by IFA using the M T-2/MO-T mixture was probably dueto alow
antibody title present in the sample and indicated that IFA offered an
excellent reproducible method for detecting anti HTLV-1/I1 antibodies
with avery low level of false negativesg'll'%.

Moreover, our data showed that the problem with HTLV indetermi-
nate Wb results would be significantly reduced or even eliminated with
the use of a confirmatory IFA test with both vira antigens (MT-2 and
MO-T). It must be pointed out that HTLV-I/Il indeterminate sera
samples studied showed reactivity only against gene gag products and
mainly against p19 (GALLEGO, S., unpublished data).
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In a recent study it was reported that indeterminate HIV-1 and
HTLV-I/I1 Wb results occurred as frequently as positive Wb results and
most resolved if a second specimen was tested within 3-6 months,
however, if specimen reactivity was directed against gene gag products,
then longer periods of time were needed for resolution of antibody
status™®.

Ontheother hand, differential reactivity of antibodiesin seraagainst
MT-2 and MO-T cells respectively allowed to distin?uish between
HTLV-I and HTLV-II infection as previously described 2,

An important feature of our IFA assay is the use of an uninfected
cell control well, sono HIV-1 or HTLV-I/I1 specimensrequired absorp-
tion with uninfected cell pack because of nonspecific staining.

Finaly, theresultsthat are shown hereonthehighlevel of agreement
found between IFA and Wb for the detection of anti-retrovirus antibod-
ies which turned out to be independent of the population studied, point
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out that IFA can replace Wh in the algorithm of confirmatory diagnosis
of HIV-1and HTLV-I/Il infections. Thelatter, together with the advan-
tage of IFA low cost implementation compared with other confirmatory
methods, is a very important issue to take into account in designing
health programs for devel oping countries such as Argentina.

RESUMO

Eficiéncia daimunofluorescéncia indireta para o diagndstico con-
firmatorio da infecgdo por retrovirus humanos (HIV-1) e (HTLV-
I/11) em populactes em diver sos grausderisco a infeccio

Avaliou-se a eficiéncia da técnica de Imunofluorescéncia Indireta
(IF1) como método confirmatorio no diagndstico dainfecgdo por HIV-1
eHTLV-I/Il. Paraisto, processaram-se amostras com sorologiapositiva
ou negativa por Western blot (Wb) para ambos virus, pertencentes a
populacdes em diferentes graus de risco de adquirir ainfecgéo e deter-
minaram-se os valores de sensibilidade, especificidade, valores predi-
tivos positivo e negativo e o indice de concordancia Kappada IFl para
cadasistemaviral em comparacdo com o Wh. Como fontes de antigenos
da IFl empregaram-se as linhas celulares H9 (HTLV-III b), MT-2 e
MT-4 (persistentemente infectadas com HTLV-1), MO-T (persisten-
temente infectadas com HTLV-I1). Os valores globais de sensibilidade
e especificidade parao sistemaHIV-1, foram 96,80% e 98,60% respec-
tivamente, enquanto os valores preditivos positivo e negativo 99,50% e
92,00% respectivamente.

N&o foram achadas diferencas na eficiéncia da técnica para a de-
teccdo de anticorpos anti HIV-1 entre as diversas popul agoes estudadas.

A respeito do sistema MT-2-HTLV-I os valores achados de sensi-
bilidade e especificidade da IFI foram de 97,91% e 100% respecti-
vamente sendo os valores preditivos positivo e negativo de 100% e
97,92% respectivamente. Do mesmo jeito para o sistema HTLV se
demonstrou quealFl implementadafoi maissensivel quando sedefron-
taram as amostras com os dois antigenos virais (HTLV-I e HTLV-II)
simultaneamente. A concordancia global entre a IFl versus Wb para o
sistemaHIV-1eHTLYV foi 6tima (indices de Kappa 0,93 e 0,98 respec-
tivamente).

Estes resultadosindicam que al FI é umatécnicaatamente sensivel
e especifica resultando adequada para o diagnéstico confirmatorio da
infeccdo pelos retrovirus humanos HIV-1 e HTLV-I/I1 em populagdes
em diferentes graus de risco, podendo substituir ao Wb no algoritmo
proposto para o diagndstico sorolégico dainfecgéo por estes agentes.
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