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Salivary Anti-PGL IgM and IgA Titers and Serum Antibody 1gG Titers and Aviditiesin Leprosy
Patients and Their Correlation with Time of Infection and Antigen Exposure

Aparecida T. Nagao-Dias', Thereza Llcia P. Almeida?, Maria de Fatima Oliveiral, Rivanda C. Santos!, Ana Laura P. Lima? and Mércia Brasil?
Department of Clinical Analysis and Toxicology, Faculty of Pharmacy, Federal University of Ceard; ?Department of Dermatology, Walter

Cantidio Universitary Hospital, Federal University of Ceard; Fortaleza, CE, Brazl

The present work proposed to correlate serum antibody avidity and salivary antibody titers as parametersfor time
of infection and antigen exposure in a co-hort study evaluating leprosy patientsin different periods of treatment.
Colorimetric enzyme-immunoassaysfor salivary antibodies, serum antibody 1gG titersand aviditieswer e perfor med
in the samples. Anti-PGL-1 IgA and IgM salivary antibodies were significantly higher in multibacillar (MB-L)
patients compared to normal controls (p<0.05), but not when compared to borderline tuberculoid (BT) or to
paucibacillar (PB-L) patients(p>0.05). A good cor relation wasfound between salivary anti-PGL-11gA and IgM levels
in MB-L patients (r=0.41, p<0.01). Two out of 33 tested saliva samples from patients who had completed the drug
regimen treatment presented positive salivary antibodies. Among non-treated patients, samples with low, medium
or high serum 1gG antibody avidity were found in similar frequencies. In patients under treatment, most of the
serum samples showed low or medium 1gG antibody avidity. The treated MB-L patients showed medium or high
antibody avidity, except for two, who showed very low antibody avidity results. We suggest that salivary anti-PGL
antibodies and serum 1gG avidity could be useful for the indication of recent exposure or re-exposure to bacteria

after chemotherapy.
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Leprosy is a chronic infectious disease caused by
Mycobacterium leprae, which has predilection to skin and
nerves. Although great advances have been made, the disease
has not been eradicated [1-4]. The fact that the bacteria have
adow growth rate leads to along time delay until a person
has a positive diagnosis. During this period, theindividual is
already contagious, since a high number of viable M. leprae
can be present on nasal surfaces[5]. Asthe disease diagnosis
is based on the microscopic detection of acid-fast bacilli in
tissue smears, which requires at least 10* organisms per gram
of tissue for reliable detection, several serological tests[4,6-
8] and molecular biology tests® have been developed. The
phenoalic glicolipid PGL-1 is considered to be the only M.
leprae specific antigen [8]. Anti-PGL-1 is highly specific to
leprosy patients[9], it isrelated to bacterial 1oad, and can be
useful for leprosy clinical monitoring [7]. The nasal mucosal
surfaces are the main portal of entrance for M. leprae.
Consequently, the antigen challenge induces local humoral
antibody response, principally IgA and IgM, preceding the
immune response in serum [10,11]. The mucosal homing
phenomenon explains the presence of anti-PGL-1 antibodies
in saliva. Besidesthe secretory immune response, one aspect
that isrelevant in infectious diseases is the antibody avidity,
which hasrecently been proposed asalaboratorial parameter
to distinguish primary infection, reactivation and re-infection
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in other diseases [12,13]. The purpose of the present work
wasto analyse anti-PGL -1 salivary antibody titersand serum
anti-PGL -1 1gG avidity as parametersfor correlation with time
of infection and antigen exposure.

Materialsand M ethods
Subjects and Samples

The patients (n=152) included in the project were not
treated, under treatment or with completed drug regimen in
accordance with the World Heal th Organi zation protocol, and
were assisted at the Hospital Universitario Walter Cantidio,
Fortaleza, Federal University of Ceara. Patientswere classified
based on clinicd findingsand on bacteria index (BI), according
tothe Ridley-Jopling scale[14]. Multibacillar or MB-L group
(n=78) included polar lepromatous leprosy and borderline
lepromatous leprosy patients; paucibacillar or PB-L group
(n=33) included polar tuberculoid leprosy, indeterminate
leprosy, and neural leprosy patients. Borderline tuberculoid
patients (BT, n=41) were considered as a separate category
based on our observations that antibody titers in these
patients were much higher than in PB-L patients. Serum
samplesfrom blood donors (n=105) weretested for anti-PGL -
11gGtitersandincluded asnormal controlsfor serum analysis
(CT). Fifty serum samples from blood donors were pooled
and used ascontrol for theanti-PGL-11gG cut-off value. Saliva
samplesfrom adult volunteers (n=23) wereincluded ashealthy
controlsfor salivaanalysis. The project was approved by the
Ethica Committeeof the Hospital Universitario Walter Cantidio.
Serum and unstimul ated salivawere obtained from the patients
after consent was given.

Salivary Antibody Titers
Briefly, microplates (Costar, Cambridge, USA) were coated
with 10 mg/L of PGL-1 (kindly provided by Dr. J.S. Spencer,
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Colorado State University, Fort Collins, USA, through the
National Institute of Health contract NO1-Al-25469). Then,
the plates were blocked with Tris-3% BSA, pH 7.0 and
incubated with 1:50 dilution of salivasamplesduring 24 h at
4°C. After washing, anti-human IgA and anti-IgM alkaline-
phosphatase conjugates (Sigma, USA) diluted to 1:1,000
were added to the wells. After 2 h at room temperature, the
plateswere washed and incubated with a substrate solution,
containing 1 mg/mL of p-nitrophenyl phosphate in 1 M
diethanolamine solution and 0.002 M of MgCl, (pH 9.8). After
100 min, reading was done at 405 nm. The results were
expressed by the optical density (OD) of the values minus
blank. The cut-off value was considered to be the 97"
percentile of the normal range. Results 30% above the cut-
off value were considered to be positive.

SerumAnti-PGL-11gG Titers

Briefly, PGL-1 coated microplates were blocked with 3%
BSA-PBS, pH 7.4, and incubated with 1:50 dilution of serum
samples. After 24h at 4°C, the plateswerewashed and incubated
with 1:1,000 dilution of anti-human |gG-peroxidase conjugate
(Sigma, USA). After 1 h 30 min at roomtemperature, the plates
were washed and incubated with a substrate solution
containing 0.4 mg/mL orthophenylenediamine and H,O, at
0.01 % of the final concentrationin 0.1 M citrate-phosphate
buffer, pH 5.0. After 30 min, the color development was
interrupted by the addition of H,SO, 2.5 N. Reading was done
at 492 nm. Theresultswere expressed by the formula: optical
density (OD) mean value from the test sample (minus blank)
divided by the OD mean value from the normal human serum
pool (minus blank). The cut-off value was considered to be
1.0. Values above 1.3, which is 30% above the cut-off value,
were considered to be positive. Values below 1.0 were
considered negative, and those between 1.1 and 1.2 were
considered to be indeterminate.

SerumAnti-PGL-11gG Avidity

Theavidity of serum IgG antibodieswas determined using
potassium thiocyanate (KSCN) to the elution of the bound
complexes, asdescribed previously el sewhere[15], with some
modifications. PGL -1 coated microplateswereincubated with
1:50 dilution of serum samples (only those with positiveresults
for anti-PGL-1 1gG were tested) during 24 h at 4°C. After
washing, 50 uL of 2 M KSCN were added to the plates. After
30 min at room temperature, the plateswere washed six times
and incubated with the conjugate. Theresultswere expressed
by the percentage of bound complexes remaining after 2 M
KSCN elution.

Statistical Analysis

Unpaired samples were compared by the non-parametric
Mann-Whitney or the Kruskal-Wallisand Dunn’stests. Paired
samples were compared by the Wilcoxon or the Friedman's
tests. Correlations between paired samples were assessed by
the nonparametric Spearman test.

Results
Salivary Antibody Titers

Salivary anti-PGL-1 IgA and IgM antibodies were
significantly higher in MB-L patients compared to the normal
controls (p<0.05), but not with the BT or with PB-L patients
(p>0.05, Figure 1). A good correlation was found between
salivary anti-PGL-1 IgA and IgM levels in MB-L patients
(r=0.41, p<0.01). Four sdivasamplesfrom non-treated patients
(n=20) showed positivetitersof salivary anti-PGL-1 IgA and/
or IgM (samplesnumber 1, 3, 4and 5, Table 1). No correlation
was obtained between salivary antibodies and serum anti-
PGL-1 IgGtiters(p>0.1). Two out of 33 tested salivasamples
from patientswho had compl eted the drug regimen treatment
presented positive IgM salivary antibodies (samples number
6and 0, Table 1). Two salivasamplesfrom the controls (n=23)
presented high levelsof anti-PGL 1 IgA. These sampleswere
excluded from the study.

SerumAnti-PGL-11gG Avidity

Anti-PGL-11gG avidity did not show statistical difference
when samples with positive and negative bacterial indexes
werecompared (Figure 2A, p>0.05), nor inthedifferent periods
of drug treatment (Figure 2B, p>0.1). Poor correlation was
observed between anti-PGL-1 1gG titersand avidities (r=0.16,
p>0.1). For a better analysis of the results, it was assumed
that percentages of complexes bound to the immunoplate
above 50% after KSCN elution were representative of high
antibody avidity; between 31% to 49%, medium avidity, and
below 30%, low avidity. Among non-treated MB-L patients
(n=11), sampleswith low, medium or high IgG antibody avidity
werefoundin similar frequencies (Table 2). In patients under
treatment, most of the samples showed low or medium 1gG
antibody avidity. Among thetreated M B-L patients (n=16), 8
samples presented medium avidity and 6 presented high
antibody avidity; very few (2 out of 16 samples) showed low
serum 1gG antibody avidity. Two treated MB-L patients
showed very low antibody avidity results (samples number
09and 10, Tab.1).

Discussion

Theimportance of analyzing salivary antibodies originated
from the knowledge that the main portal of M. |epraeentrance
isthe nasal mucosa. That meansthat thefirst place wherethe
local immune response is established against M. leprae
antigens is the mucosal surface, preceding the immune
responsein serum. Local immuneresponseisinduced in order
to prevent the adhesion of bacteria to the mucosal surfaces;
however, successful elimination of antigen depends on a
balanced immune response [16], which relies on the type of
pathogen and on theimmune efficacy of thehost. Smith et al.
[17] suggest that development of mucosal immunity to M.
leprae may be protective. We doubt this possibility because
we have found positive results for anti-PGL IgA and IgM
among the leprosy patients. We discovered some positivity
insalivary anti-PGL-1 IgA levelsamong the normal controls
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Figure 1. Salivary anti-PGL-1 IgA and IgM antibodies in
leprosy patients and in the controls. The results were
expressed by the OD values minus blank. The broken lines
represent mean values for each group.

Figure2. Serumanti-PGL-1 1gG avidity (%) inleprosy patients
according to the bacilloscopy index (A) or to the phases of
treatment (B). The dotted lines indicate the antibody avidity
range. Avidity-antibodies below 30% have been considered
low, while the ones above 50% are seen high.
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Tablel. Salivary anti-PGL 1 1gM and IgA and serum anti-PGL -1 1gG titersand aviditiesin leprosy patients
Salivary antibody titer Anti —PGL-1antibodies
Sample (OD,, values) Serum 1gG BI Group Treatment
number : -
IgV IgA Titer Avidity (%)
1 8r2 n 47 5.1 36 MB-L NT
2 n 526 23 258 0 BT NT
3 2651 1955 43 410 - MB-L NT
4 2365 n 6.2 810 42 MB-L NT
5 897 n 48 595 0 BT NT
6 1987 $39) 42 383 425 MB-L T
7 575 n 02 - 20 MB-L T
8 n 607 35 783 10 MB-L T
9 n n 31 190 0 MB-L T
- - 30 11 0 MB-L T

N=normal values, NT=not treated, T=treated, —=not done.

Table 2. Serum anti-PGL-1 1gG avidity in not treated, under treatment and treated | eprosy patientswith positivetiters of anti-PGL
1gG. Avidity-antibodies below 30% have been considered low, while the ones above 50% are seen high

Treatment period

Clinical status Not treated (n=21) Under treatment (n=15) Treated (n=19)
Lov Medium High Lov Medium High Lov Medium High
avidity avidity avidity avidity avidity avidity avidity avidity avidity
Paucibacillar 1 1
Borderlinetuberculoid 2 2 3 1 1
Multibacillar 4 6 2 5 8 2 2 9 6
Total (N) 6 9 6 5 8 2 3 10 6
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(2 out of 23). One of them showed high titers and the other
onewasin the upper limit of the normal range. We found out
that both had afamiliar member with leprosy andfor thisreason
they were excluded from the study. None of the normal controls
showed positivity for salivary anti-PGL-1 IgM antibodies. We
can supposethat 1gA isotypeisrepresentative of present or past
infection and that IgM is probably representative of a present
infection. The magjority of the samples from leprosy patients
showed sdivary anti-PGL-1 IgA/IgM levelssimilar tothenormal
controls, except the MB-L and some of the BT patients, who
presented high levels of antibodies. The absence of mucosal
antibodies could suggest that PGL-1 antigen was no longer
present in sufficient quantity in mucosal surfaces to induce a
local immuneresponse. It isimportant to remember that the half-
lifeof mucosd IgA and IgM plasmacdllsinlaminapropriaisvery
short, around 5 days. During ontogeny, secretory |gM antibody
levels predominatein infants and decrease proportionally to the
increase of IgA levels [18-20]. This observation, together with
the demonstration that PGL -1 antigenemia disappears from the
circulation after 2weeksof treatment [8], leadsto the speculation
that the presence of sdivary IgM antibodiesto PGI-1 isdirectly
correlated to mucosal bacterid load. Therefore, the possibility of
detecting sdlivary IgM reactive to PGL-1 could indicate recent
infection or re-infection.

One patient with the polar lepromatous clinical form, who
had completed the drug regimen treatment showed very high
levelsof sdivary anti-PGL-1 IgM and IgA, positive bacilloscopy
and elevated serum anti-PGL-1 1gG levels (sample number 6,
Table 1). We supposed that the patient was being challenged
by M. lepraeat mucosal surfacesand at aninternal site, resultant
from re-infection or from a reactivation. The main targets of
M.leprae infection are the Schwan cédlls, through a probable
mechanisminvolving anisoform of laminin, called o:2-laminin,
whichisthemajor congtituent of basal lamina, principally inthe
peripheral nervesand a21-kd glycoprotein on the surface of M.
leprae [21]. M. leprae probably gains access to the peripheral
nerves through infected blood monocytes from injured skin
and mucous membranes which could transport the bacilli
through the peripheral nervous system and, when the bacteria
load |eads to the destruction of the cells, the pathogen would
be liberated into the endoneural space [22]. Santos et al. [23]
found a high frequency of positive polymerase chain reaction
inthe blood of patients several years after completion of anti-
leprosy multidrug therapy, suggesting persistent circulating
bacilli, although reinfection of these individuals could not be
excluded, according to the authors. Under these circumstances,
one could expect that |ow-avidity antibodiesare resultant from
arecent exposure to the released bacteria. For this reason, we
developed in the present work an enzyme-immunoassay for
testing avidity of anti-PGL-1 1gG isotype.

The antibody avidity parameter has been used to
distinguish recent and chronic infection, considering that low
antibody avidity representsacute or recent infection and high
antibody avidity, chronic or past infection in some diseases,
astoxoplasmosis[24], for instance.

In the present project, the serum samples were exposed
to a predetermined molar concentration of potassium
thiocyanate (2.0 M in this case). In our protocol, using
normal human serum as a reference for high-antibody
avidity, we observed that molarities above 2 M washed out
more than 50% of the complexes. Based on these
observations, we decided to choose 2 M as the ideal
concentration for testing anti-PGL antibody avidity. Serum
samples containing more than 50% of bound antibodies
after KSCN el ution were considered to have high antibody
avidity, while those containing between 30% and 49% of
bound complexes after KSCN elution, medium antibody
avidity and below 29%, low antibody avidity.

Wefound 2 patientswith complete drug regimen treatment
with very low antibody avidity (samples number 9 and 10,
Table 1). One of them (sample number 9) had the lepromatous
form; she was diagnosed to have neuritis at thetime of serum
collection and her laboratorial parameters showed negative
bacilloscopy, elevated levels of serum anti-PGL-1 1gG with
19% antibody avidity, and normal salivary anti-PGL titers.
Considering that low antibody avidity represents acute
infection and that the normal salivary IgM antibodiesindicate
absence of local bacterial load, we can suppose that the
antigenic challenge occurred from aninterna site of infection.
Bacilloscopy was negative possibly because the sensitivity
of the technique was insufficient to detect low quantities of
bacteria. The other patient (sample number 10) had the
borderline lepromatous clinical form and was diagnosed to
have an erythema nodosum reaction at the time of sample
collection. The patient showed elevated titers of serum anti-
PGL-1 1gG with 11% antibody avidity. Her saliva was not
available. If avidity iscurrently considered to be afunctional
parameter for distinguishing thetime of infection[12,24,25], it
is important not to discard the hypothesis that the patient
was presenting an immune response to antigens from viable
bacteria present in an internal site of infection in very low
guantities that no available technique could detect.

Concluding, once IgM antibody is short-lived, we
suppose that its persistence in mucosal surfaces depends on
local bacterial load. Another point to takein consideration is
that the local immune response precedes serum antibody
production and this observation could be useful for
epidemiological purposes. Besides this parameter, antibody
avidity could be associated to the bacilloscopy index and to
serum anti-PGL 1gG levelsasantibody avidity statusisactualy
used for indicating recent exposure or re-exposure to various
infectious diseases.
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