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SUMMARY

Paired sera and parotid saliva from 75 HIV-1-infected patients, divided in three equal groups with CD4
cell counts>500, 200—-500 ane 200/mn?, respectively, were analysed for IgG, IgA and secretory IgA
(slgA) concentrations and for IgG and IgA antibody directed to HIV-1. Twenty-nine age-matched HIV
subjects were used as controls. In serum the concentrations of immunoglobulins were significantly
increased in HIV-infected subjects compared with controls, and a progressive increase of IgA and sIgA
was noticed while the CD4cell count decreased. In contrast, concentrations of IgA and slgA were not
different in parotid saliva between the four subject groups. By an ELISA test directed towards HIV-1
proteins, 73 of the 75 serum specimens from the HIV-infected subjects (97%) and 43 of the
corresponding saliva (57%) were found positive for specific IgA antibodies to HIV-1, with an even
distribution among the three groups of patients. By Western blotting multiple specificities of IgA to
HIV-1 proteins were not frequently found in patients. By contrast, in spite of an IgG concentration in
saliva about 100 times lower than that of IgA, reactivities were significantly higher for IgG than for IgA
antibodies, especially tenv and to pol HIV-1 products. Altogether, these data suggest that the
regulation of IgA production in HIV-infected subjects is independent in serum and in parotid saliva.
This imbalance of IgA/IgG antibodies to HIV-1 at the mucosal level appears to be a specific feature of
HIV-1 infection, and may raise important issues in terms of local protection after immunization.
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INTRODUCTION been detected in various body fluids, including parotid saliva,

. ervicovaginal secretions, semen, breast milk, tears, intestinal fluid
In most cases, transmission of HIV-1 occurs through the mucosal 9

route after heterosexual or homosexual intercourse. HIV-1 ha nd rectal_secr_etlons [13-20]. It can be hypotheszed that some of
- - . . cf ese antibodies may have a protective effect, and mucosal
been detected in several mucosal sites [1-4] and in various bo

fluids [5—8]. Furthermore, opportunistic infections are frequently'¥nmumz‘51t|on trials are in progress.

located to mucosal surfaces in AIDS patients. These data demon- Parotid salivais a secretory fluid that can be u_sed asa model for
. . . . the mucosal humoral immune response in the digestive tract [21].
strate that the mucosal immune system is largely involved in th

course of HIV-1 infection. However, it is not established whethererhe am .Of this study was t_o compare the conc_entratlo_ns aqd the
specificities to HIV-1 proteins of IgA and 1gG in parotid saliva

changes in the gut-associated lymphoid tissue (GALT) during theand i1 serum. and to evaluate their variations during th f
course of HIV-1 infection parallel changes in the systemic immune . ! g the course o
system. At the present time, it has been shown that the number &“V'l infection.
CD4" lymphocytes in AIDS patients is relatively preserved in
the lamina propria of the gut despite the massive depletion in MATERIALS AND METHODS
peripheral blood [9]. Subjects
Most of the antibodies produced in human mucosae aréserm specimens and stimulated parotid saliva samples were
secretory IgA (sIgA). They play an important protective role ¢, acted from 92 adults with sexually or drug-transmitted HIV-1
against locally transmitted viral infections [10]. A decrease Ofinfection. The CD4 cell count in peripheral blood was determined
IgA-producing cells in the lamina propria of HIV-infected subjects by flow cytometry, and patients were classified into three groups:
has been reported [11,12]. IgA and IgG antibodies to HIV-1 have(i) group 1 included 30 patients with a CHéell count> 500/mn?
Correspondence: Professor C. Genin, Laboratoire d'lmmunologie{7033= 18466/mnT (mean +s.d.)) (male/female ratio 21/9; mean

Facultede Malecine Jacques Lisfranc, 15 rue A. Pai2023 Saint-Etienne  @ge 357 years; range 23-61 years); (i) group 2 included 31
Cedex 2, France. patients with a CDZ% cell count between 200 and 500/mim
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(351:64+ 10019/mnT) (male/female ratio 27/4; mean age‘34 complete depletion in IgG without impairing the concentration of
years; range 18—60 years); (i) group 3 included 31 patients with dgA.
CD4" cell count< 200/mn? (9816 + 13454/mnT) (male/female
ratio 25/6; mean age 3Byears; range 26—58 years). According to Detection of IgA antibodies to HIV by ELISA
the disease stage, the study population consisted of 60 healttyor the screening of IgA antibodies to HIV, a commercial kit
asymptomatic subjects (Centres for Disease Control and Prevemontaining viral lysates as antigens (Rapid Elavia Mixt; Diagnos-
tion (CDC) stage Il), 14 patients with persistent generalizedtics Pasteur, Marne-la-Coquette, France) was used with a modified
lymphadenopathy (CDC stage Ill), 18 patients with one or moretechnique: 10@I of absorbed serum (final dilution 1:50) or saliva
AIDS-defining illnesses (CDC stage V). A group of 30 healthy (final dilution 1:2) were added to the wells of a microplate coated
HIV ™ volunteers matched for age and sex were used as controlfy the manufacturer with HIV antigens. The IgA antibodies were
The protocol was approved by the Comitie Protection des revealed by a peroxidase-conjugated goat polyclonal antiserum to
Personnes dans la Recherche Bidinale Rhime-Alpes Loire, humana-chain (Cappel). Absorbances were read spectrophotome-
and all subjects gave written informed consent for participatingtrically at 492 nm. Samples with optical densities (OD) higher than
in the study. the cut-off serum value supplied by the manufacturer were
considered to be positive for IgA antibodies to HIV.
Collection of samples
Parotid saliva was collected between 10 am and 1 pm (at least 1 Immunoblot analysis of antibodies to HIV-1
after a meal) for 10 min with a flexible catheter introduced into theln parotid saliva specimens, 1gG antibodies to HIV-1 proteins were
parotid duct (Centracath ORX, Vygon, France). The production ofdetected by a commercial immunoblot kit using SDS—PAGE-
saliva was stimulated by a drop of green lemon applied every 30 reated viral lysates as antigens (New Lav Blot; Diagnostics
to the lateral face of the tongue. The samples were immediatelyPasteur), according to the manufacturer's recommendations. The
chilled on ice and stored as aliquots aBC®°C until use. The same strips were used for the detection of specific IgA antibodies
concentration of albumin, measured by a nephelometric methodjsing IgG-depleted serum and parotid saliva. The strips were
was used to evaluate the contamination of parotid saliva by bloodoaked in serum (final dilution 1:10) or in parotid saliva (final
during the sampling process. Peripheral blood was collectedlilution 1:2) in milk buffer and gently shaken for 1 h at room
simultaneously to saliva and serum was stored as aliquots @aemperature and overnight atGl After five washing steps, they

—80°C until use. were incubated in 500 of a peroxidase-conjugated goat poly-
clonal antiserum to humada- or y-chain (Cappel) diluted 1:100 in
ELISA for total IgA and 1gG in serum and in parotid saliva milk buffer for 1 h at room temperature under gentle shaking. After

The ELISA technique used for measuring total IgA and IgG waswashing as above, 2 ml of v Tris-saline containing 05% (w/v)
performed as previously described in detail [22]. Concentrations otliaminobenzidine (Sigma, St Louis, MO) an®8% (v/v) HO,

IgA and IgG were extrapolated from reference curves generated byere added for a few minutes to develop the colour reaction. The
assaying dilutions of a pool of serum specimens from 100 healthyuffers used for sample dilution and for washing were supplied in
blood donors whose IgA and 1gG concentrations had been detethe kit. The bands were read visually by two independent observers
mined by immunonephelometric technique. Concentrations werand scored 0 if no band was detected, 1 if the reaction was weak
determined as the mean of the results of two two-fold dilutionsand 2 if the reaction was strong.

whose absorbances were in the range of sensitivity of the reference

curve linear part. Statistical analysis
For the comparison of quantitative results, Studettest was
ELISA for slgA in serum and in parotid saliva used. Correlation coefficients were calculated from linear regres-

The assay was conducted as described above, except for tls#on analysis. For the comparison of paired qualitative parameters,

following changes. Plates were coated with F(afragments of  thex? test was used.

a goat polyclonal antiserum directed to the human secretory

component (kindly provided by C. Vincent, INSERM US80,

Lyon, France). The antiserum to humarchain was the same as

above. Concentrations were extrapolated from a standard curve

established with dilutions of a purified slgA standard (Cappel,Albumin concentration and blood contamination in parotid saliva

Cochranville, PA). A pool of 30 parotid saliva specimens from The concentration of albumin in parotid saliva was measured to

healthy subjects without antibodies to HIV was used as control. evaluate the contamination of this fluid by blood. The maximum
level of albumin that was considered acceptable in parotid saliva

Processing of serum and saliva specimens for IgG removal was calculated as the mean of albumin concentration + 2 s.d. in 30

For the detection of IgA antibodies to HIV, serum or parotid salivasamples of the control group. This value was28dngl. All

diluted in 005m PBS containing @5% Tween 20 and-0% bovine  samples with a concentration of albumin over the threshold were

serum albumin (BSA) was systematically mixed to lyophilized assessed to be contaminated by blood. According to this criterion,

sheep antiserum to human IgG (RF-Absorbant; Behringwerke AGone sample in the control group, five samples in group 1, six

Marburg, Germany), as previously described [22]. After overnightsamples in group 2, and six samples in group 3 were excluded from

incubation at 4C, the mixture was centrifugated at 15§@or further study (Fig. 1).

15min and the supernatant was collected. As determined in

preliminary testing of IgA and IgG concentrations by ELISA, Concentrations of IgA, sIgA and IgG in parotid saliva and in serum

two successive absorption steps were required for parotid salivdihe comparative results of IgA, sIgA and IgG in serum and in

samples and three for serum specimens in order to obtain parotid saliva specimens from the three groups of HIV-1-infected

RESULTS
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35— subjects (97%) and 43 of the corresponding parotid saliva (57%)
r o) o) were found positive for specific IgA antibodies to HIV-1. From the
30__ 8 43 parotid saliva samples with HIV-1 antibodies detected by
_ 25 ELISA, only 29 were confirmed positive to at least one viral
> L o o protein of HIV-1 by Western blotting. The distribution of these 29
E 20 8 positive samples was equal in the three groups of patients (10/25 in
g 5 i ~ T o) group 1, 9/25 in group 2, and 10/25 in group 3).
i—i 10 L e 8 T Specificities of IgG and IgA to HIV-1 proteins by Western blot
i g8 ® g ? + analysis
5 X v, The 29 parotid saliva which were found positive for anti-HIV-1
- 3 g IgA antibodies by Western blotting were also tested for 1gG
Controls ; = 2 3 Groups antibodies to HIV-1, and the corresponding serum specimens

were tested for IgA antibodies to HIV-1 by the same technique.
Fig. 1. Concentration of albumin in parotid saliva of controls and HIV- In serum specimens, anti-HIV-1 IgA was detected against all viral
infected subjects with different CD4cell counts (the three groups are proteins, with 3—10 reactivities per sample (Fig. 2, Table 2). In
described in text). The horizontal line corresponds to the level of albuminparotid saliva, anti-HIV-1 IgG was detected to all viral proteins and
above which parotid saliva was considered to be contaminated by bIOOd'anti-HIV-l IgA to all viral proteins but gp41 (Fig. 2, Table 2); 20 of

the 29 samples exhibited an IgA reactivity against only one or two
éoroteins. As a whole, reactivity of IgA antibodies was much

subjects and of controls are shown in Table 1. In serum, th . . ! . . .
concentrations of IgA, slgA and IgG were significantly higher in weaker in parotid saliva than in serum (Fig. 2). Comparisons
. between the frequency of IgA and IgG antibodies to HIV-1

HIV-1-infected subjects than in controls. Furthermore, a progres- S . - .
sive increase of IgA and of slgA was noticed in HIV-1-infected proteins in parotid saliva revealed that many more subjects had

subjects while the CD4cell count decreased. In contrast, no I9G than IgA directed towards the products aifv (gp160 and

difference in concentrations of IgA and of sIgA in parotid saliva gp120) angpol (p68, p52 and p34) genes. Conversely, there was no

was found between the four groups of subjects. The concentratioﬁ'gmflcam difference in the reactivities against the products of the

of IgG in parotid saliva was higher in HIV-infected subjects than in gaggene (Table 2). With regard to the Chekll count, a trendto a
. - chrease of IgA to the products of thel and thegaggene and of
negative controls, but no change was seen according to the level

immune defect. In addition, a significant correlation was observeé)gG a}ntlqules to thegag gene was seen both in Serum and in
between the concentrations of IgA and of slgA, both in Serumparotld saliva of patients belonging to groups 2 and 3 (Fig. 2). The

) . : . roup sizes were too small to allow conclusive comparisons.
specimens and in parotid saliva. Taken together, these resul& 4P P

support the finding that in HIV-infected patients the concentration
of secretory IgA of mucosal origin increases in serum while the
CD4" cell count decreases, but is stable in parotid saliva. DISCUSSION

First of all, our results confirm the dramatic increase of IgG and
IgA antibodies to HIV in serum and in parotid saliva IgA levels in serum of patients infected by HIV-1. IgA increase

By ELISA, 73 of the 75 serum specimens from the HIV-infected was correlated to the fall in CD4cell count, as already reported

Table 1. Concentrations of IgA, sIgA and IgG in serum specimens and in parotid saliva of Etbdtrols (Ctls) and of three groups (G) of Hi\ubjects
according to CDZ cell count (as described in text)

Serum Parotid saliva

IgA slgA 1gG IgA slgA IgA

(an) (mgh) (an) (mgt) (mgh) (mgh)
Controls
(n=29) 266+ 1.07 1478 + 543 1886 + 7-43 10537+ 7318 7283+ 3436 033+ 018
Group 1
(n=25) 348+ 2:28 1531+ 575 2614 + 818 9252 + 5065 9006 + 6018 064+ 0-57
Group 2
(n=25) 456 + 315 2001 + 833 3107 = 945 12389 + 9847 10311+ 6312 074+ 088
Group 3
(n=25) 607 = 378 2139+ 6:53 2683+ 591 11067 = 702 8831+ 51.59 069+ 0-76
P values by Student'stest
Ctls versusG.1 NS NS (0009 NS NS @009
Ctls versusG.2 001 001 00001 NS NS @005
Ctls versusG.3 0.0001 0.005 0.0001 NS NS 0.01
G.1lversusG.3 0.0001 0.002 NS NS NS NS
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Fig. 2. Repartition of antibodies to HIV-1 proteins by Western blotting in specimens of three groups of HIV-infected subjects with differeceiCiants:
the results are expressed as the frequency of patients with low or high reactivity to the various HIV-1 gene products according to the CD4 cell count. (a) IgA
in serum. IgA (b) and IgG (c) in parotid salival, Low reactivity; B, high reactivity. 1, CD4>500; 2, 200<CD4 <500; 3, CD4<200.

[23,24], having been proposed as a surrogate marker to follow thanfection. The use of a catheter to collect saliva from the parotid

course of HIV infection [25]. gland guaranteed the purity of our specimens, as demonstrated by
In this study, parotid saliva was used to evaluate the variatiorthe very low concentrations of albumin compared with the results

of IgA and IgG concentrations at the mucosal level during HIV-1 of previous studies using saliva taken from the oral cavity [12,26].

© 1997 Blackwell Science Ltd, Clinical and Experimental Immunolay9:47-53
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Table 2. Number (%) of HIV" subjects with IgA antibodies to HIV proteins in serum and with IgG and/or IgA in parotid saliva by Western blatt&ng9)

Serum Parotid saliva
IgA antibodies, 1gG antibodies, IgA antibodies,
HIV protein Gene no. (%) no. (%) no. (%) P*
gp160 env 29 (100) 29 (100) 19 (65) 00001
gpl120 env 25 (862) 20 (690) 9 (310) 00001
p68 pol 25 (862) 20 (690) 4 (138) 00001
p55 gag 15 (517) 7 (241) 2 (69) NS
p52 pol 23 (793) 14 (483) 3(103) NS
gp4l env 24 (827) 4 (138) 0 NS
p40 gag 15 (517) 6 (207) 2 (69) NS
p34 pol 22 (759) 18 (621) 3(103) 00001
p25 gag 23 (793) 13 (448) 18 (621) NS
p18 gag 18 (621) 4 (138) 6 (207) NS

* Statistical comparisons between IgA and IgG in parotid saliva were performed tast.

Thus, our results are comparable to mucosal secretions and mdsom secretions to the systemic compartment, since the rise of total
exclude any contamination by blood. In contrast with resultsigA level was well correlated to that of sIgA, both in saliva and in
observed in serum, the concentrations of IgA and sIgA in parotidserum. Thus the dramatic increase of circulating IgA in HIV-
saliva exhibited no difference between HIV-infected and controlinfected subjects is probably related to both a polyclonal activation
subjects. However, the variations of immunoglobulin concentra-of B cells, producing mainly the monomeric form IgAl isotype
tions were high in parotid saliva, suggesting a rate of secretior§23], and a crossing of slgA from mucosal origin [35].

depending on patients and/or on a dilution process. In addition, no Our study also demonstrated that the frequency of IgA isotype
change was seen with regard to the progression of HIV diseasentibodies to HIV-1 structural proteins was lower in parotid saliva
indicated by the decrease of CD4ell count. All previous than in serum, but did not decrease during the course of HIV-1
studies performed on whole saliva [12,27,28] and on parotid salivanfection. Multiple specificities of IgA to HIV-1 gene products
[29,30] of HIV-infected patients but two [31,32] showed that total could not be detected frequently, especially to gp4l proteins,
IgA concentrations were not increased, and even decreaseduggesting a poor mucosal immune response to HIV-1 even at
suggesting that systemic and mucosal IgA responses werthe early stage of infection. In addition, IgA activities gol and
inversely affected in this infection. By contrast with this study, gaggene products tended to decrease in relation to the"CBH
slgA levels were previously found significantly reduced in AIDS count.

patients compared with asymptomatic HIV-infected subjects and By contrast, IgG reactivities to HIV-1 in parotid saliva were
controls [29]. As already noticed [29], this disparity in IgA higher and directed to various viral proteins in spite of IgG
concentrations between systemic and mucosal compartmentoncentrations about 100 times lower than those of IgA in this
may contribute greatly to the reduction of the efficacy of mucosalfluid. The difference was particularly striking for products of the
immunity, leading to frequent infections with opportunistic agentsenvand of thepol genes. Decreasing activity of IgG ¢gag gene

in peripheral sites. products could be noted according to CDeell counts.

The concentrations of IgG in parotid saliva were remarkably  In the previous study of IgA to HIV-1 performed in parotid
lower than those of IgA, but conversely to IgA, IgG concentrationssaliva, Archibaldet al. tested only four samples with an IgA-
of our HIV-infected subjects were significantly increased in parotidspecific Western blot assay, and three were positive [13]. All other
saliva compared with controls, even before Céll counts began  studies were performed in whole saliva, with the risk of blood
to decrease in spite of the great variability of IgG concentrations inrcontamination. IgA antibody activity was tested by ELISA with
patients. In HIV infection, a transudation of plasma IgG has beergp160 only [28,36], or associated with p24 [32] HIV proteins,
implicated to explain the IgG increase at the mucosal levelexceptin a study of children using Western blot analysis [37]. The
[19,28,33]. This feature may reflect serious alterations of thesalivary anti-HIV activity was also largely carried by the 1gG
mucosal barrier during the course of HIV disease. Although thisisotype, but the blood [32] or local [28] origin of IgG was
mechanism cannot be excluded, its importance is probably limitedgcontroversial. IgG and IgA antibody activity in saliva declined at
at least in saliva, since the concentration of albumin—a proteirthe symptomatic phase [32].
exclusively derived from plasma—was not different in HIV- An IgG predominance in response to HIV has been reported at
infected subjects compared with controls. A polyclonal activationother mucosal sites, such as seminal fluid [16,38,39], cervico-
of IgG-producing B lymphocytes of mucosal origin could be vaginal fluid [15,40], duodenal fluid [19], breast milk [17,41] and
suggested to explain this IgG increase. As previously reportedears [18]. In intestinal fluid, a digestive secretion like parotid
[34], the finding of such changes at all stages of HIV infection— saliva, 1gG reacted with most HIV-1 antigens, whereas specific
including the asymptomatic one—confirms that the impairment oflgA were intermittently present and reacted with envelope (gp120
mucosal immunity is an early event in the course of HIV diseaseand gp160) and less often with core (p17 and p24) antigens [19], as

Furthermore, the results of this study suggest that sIgA goef this study.
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All these data suggest that antibodies of the 1gG isotype could of patients with AIDS and AlDS-related complex. J Infect Dis 1987,
play an important role in humoral immunity to HIV at the mucosal ~ 155793-6.
level. This feature seems restricted to HIV antigens, since it had4 Archibald DW, Witt DJ, Craven DE, Vogt MW, Hirsch MS, Essex M.
been shown that the salivary antibacterial activity of HIV-infected f‘”t'bc’d'es to th“_”r(i” "Zurg‘g”%dfff'c"et”sy ‘1';‘;; 5"232‘3:5"";3' secretions
H : A . A rom women at risK ror . nrec IS ) —1.
subjects remains Io_cated in the IgA |S(.)type. [28]. Further.studles ar(is Bdec L, Georges AJ, Steenman G, Martin PMV. Antibodies to human
needed to determine whether the impaired production of IgA

. . . . . immunodeficiency virus in vaginal secretions of heterosexual women. J
antibodies to HIV antigens is due to an immune tolerance, to a Infect Dis 1989:160:385-91.

defect in the immunoglobulin heavy chain gene switching, or to 16 Bgec L, Georges AJ, Steenman G, Martin PMV. Antibodies to human
dysregulation of the control of IgA-producing cells by HIV- immunodeficiency virus in the semen of heterosexual men. J Infect Dis
specific T cells. Interestingly, the proteins involved in this IgA/  1989;159324-7.

IgG imbalance are coded by tleavand thepol genes of HIV-1. 17 Bdec L, Bouquety JC, Georges AJ, Siopathis MR, Martin PMV.
The products of these genes have also been shown to support most Antibodies to human immunodeficiency virus in the breast milk of
of the protective activity [42—45]. Thus it would be crucial to _ healthy seropositive women. Pediatrics 198811022-6.
determine whether the strong IgG activity to HIV at the mucosall8 Renom G, Bouquety JC, Lanckriet C, Georges AJ, Siopathis MR,
level contributes to protection, and which kind of humoral Martin PMV. HIV-specific IgA antibodies in tears of children with

. . . T AIDS or at risk of AIDS. Res Virol 1990141:355-63.
response it would be useful to reinforce by immunization in the19 Janoff EN. Jackson S. Wahl SM. Thomas K. Peterman JH. Smith PD
perspective of development of mucosal vaccines. i ’ ' ' ’

Intestinal mucosal immunoglobulins during human immunodeficiency
virus type 1 infection. J Infect Dis 1994;70:299—307.
20 Mohamed OA, Ashley R, Goldstein A, McElrath J, Dalessio J, Corey L.
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