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ANU PAUL, SUDHIR BABJI, RAJIV SARKAR, ROBIN PENUGULA L AZARUSAND GAGANDEEP K ANG
FromTheWellcome Trust Research Laboratory, Division of Gastrointestinal Sciences, Christian Medical College, Vellore TN,

India.

Correspondenceto: Dr Gagandeep Kang, The Wellcome Trust Research Labor atory, Division of Gastrointestinal Sciences,
Christian Medical College, Vellore Tamil Nadu 632 004, India. gkang@cmcvellore.ac.in
Received: July 09, 2015; Initial review: August 22, 2015; Accepted: May 07, 2016.

Objective: To compare serum, salivary and fecal IgA responses
in infants and adults following rotavirus vaccination.

Study design: Laboratory testing of samples from clinical trials.
Setting: Medical College Hospital.

Participants: 13 healthy adult volunteers not given vaccine, 20
healthy adult volunteers given one dose of bovine rotavirus
tetravalent vaccine (Shantha Biotechnics), and 88 infants given 3
or 5 doses of Rotarix.

Outcome measures: Serum, salivary and fecal IgA at one or
more time points.

Methods: IgA antibodies were estimated in serum, saliva and
fecal samples by enzyme-linked immunosorbent assay, and
normalized to total IgAin saliva.

Results: In naturally infected adult volunteers, comparing serum
and salivary IgA showed significant positive correlation (r=0.759;

P=0.003). Of 20 vaccinated adults, complete samples showing
change were available for 10; among them there was a significant
positive correlation (P<0.05) between pre-vaccination serum and
pre-vaccination salivary IgA but not between post-vaccination
serum and post-vaccination salivary IgA. Of 88 infants given 3 or 5
doses of vaccine, 13 had more than 4-fold IgA response in serum,
saliva and fecal samples, 6 had a 2-4 fold increases in all
specimens. There was weak correlation between seroconversion
rates measured by serum and salivary antibody responses.
Salivary and stool assays were able to detect seroconversion in a
few children in whom there was no detectable response in serum.

Conclusions: Evaluation of multiple samples is useful for
intensive experimental study designs and may help improve our
understanding of the induction and dynamics of immune
responses to rotavirus vaccination.
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Il live attenuated rotavirus vaccines have

been developed based on evidence that

natural rotavirus infections elicit protective

immune responses, particularly against severe
rotavirusdisease[1]. Therearetwo currently availableoral
rotavirusvaccineslicensed in over 100 countries[2-4], as
well asnationally licensed vaccinesin India, Vietham and
China. For aperiod after rotavirusvaccination, much of the
serum IgA isexpected to berotavirus-specific asin natural
rotavirus infections [5]. Although there is no defined
correlate of protection, serum IgA is the most widely
available measure of seroconversion so far, and has been
used to measureimmunogenicity of all candidaterotavirus
vaccines|[6,7]. Asrotavirusisamucosal pathogeninfecting
the epithelia cells of small intestinal villi, mucosal gut
antibodies could be expected to be reliable indicators of
immune response following natural rotavirusinfection or
rotavirusvaccination[8].

Measuring local immunity in the small intestine is
considered themost sensitivemarker of rotavirusinfection;
although obtaining duodenal fluid from children by
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intubation isinappropriate, and therefore other surrogate
markersthat accurately reflect intestina immune responses
are necessary. Detecting rotavirus-specific antibodies in
feces, saliva and other suitable body fluids has been
proposed asanon-invasivealternative[5,8-11]. Secretory
IgA responsesin secretionsfrom sublingual glands (non-
parotid glands) may better reflect B cell induction in gut-
associated lymphoid tissue (GALT) than the parotid
response, which may be more strongly linked to immune
induction in nasal-associated lymphoid tissue (NALT)
[12]. Salivacoallectioniseasy, rapid, requireslesstraining
and eliminatesthe need for blood draws. Further, previous
studies suggest that in settings with low vaccine
immunogenicity, measuring salivary antibody responsesto
vaccination might add to the apparent vaccine ‘take' rate
determined by detection of serum antibodiesalone[13,14].

METHODS

Rotavirus-specific serum and salivary IgA antibody levels
weremeasured in healthy adult volunteersand infantsand
adults vaccinated with either Rotarix or Bovine-Human
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Reassortant RotavirusVaccine (BRV-TV). Fecal IgA was
measured ininfantsgiven Rotarix in previously published
studies[15,16] conducted at our institute after approval by
theIngtitutional Review Board and with written informed
consent from participantsor fromtheir parents.

Healthy adults, presumed to be previously exposed who
did not receive rotavirus vaccine: A pilot study with
collection of serum and salivawas carried out in 13 healthy
adult (6 female) volunteersin order to assessthe use of a
Phosphate buffered saline (PBS)-based antibody transport
medium to extract and process saliva which could be
stored at -20°C and later be used to measure rotavirus -
specific IgA antibody levels. One saliva sample was
collected from each healthy adult volunteer using Oracol
swabs (Malvern Medical Developments Ltd, Worcester,
UK). The swab was placed between the lower cheek and
gums of the volunteers and gently rubbed back and forth
for about 1 minute until the absorbent sponge was moist.
Salivary and serum IgA antibody |levelswere compared.

Healthy adult volunteers who received one dose of
rotavirus vaccine: Rotavirus-specific serum and salivary
IgA antibody responsesbeforeand after vaccination with a
BRV-TV were measured in 20 healthy Indian adults who
were given a single dose of BRV-TV as previously
reported [ 16]. From the 20 adult volunteersin the Phase 1
BRV-TV study, parotid and sublingual salivary secretions
and whole salivawere collected prior to vaccination and
the second sample set 28-30 days post-vaccination. Prior
to collection, all volunteersfilled a questionnaire, which
documented time of last beverage intake and absence of
dental/gum bleeding. They then rinsed their mouths
thoroughly with water. Two sorbettes (Salimetrics Item
No. 5029.00) were placed together under the tongue or
between gums and cheek for 60 seconds in each site, to
obtain the secretionsfrom sub lingual and parotid glands,
respectively; the sorbetteswere stored as described by the
manufacturer. Volunteers were also instructed to pool
sdliva in their mouths for about 90 seconds before
collecting thewhole salivainto asterile storagetube. The
storage tubes were centrifuged for 15 minutes at 3000-
3500 rpm to extract the saliva. The processed salivawas
recovered; protease inhibitors were added and mixed
thoroughly. All processed oral fluid specimenswere stored
at -20°C until testing.

Healthy infants who received 3 or 5 doses of rotavirus
vaccine: Comparison of rotavirus specific serum, salivary
and fecal IgA antibody responses before and after
vaccination with 3 or 5 doses of Rotarix wasstudiedin 90
infantsrecruited at 6 weeksof ageand enrolledin aPhase
4 randomized, paralel group comparison study as
described previously [15]. Two saliva samples were
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collected from all vaccinated infants, one prior to
administration of the first dose of Rotarix and the second
was collected 28 days after the last (3rd or 5th) dose of
vaccine administration. Saliva was collected using
Salimetric Infant swabs (Item no: 5001.08) and storage
tubes (Item no: 5001.05). Specimens were transported to
thelaboratory inice packs. A total of 88 infants(44ineach
arm) had a complete set of serum and saliva samples
available. Salivary IgA levels were also compared with
fecal IgA levelsin a subset of vaccinated infants, from
whom stool samples were collected to study vaccine
shedding.

Sample collection and Processing

Blood: Approximately 5 mL and 3.5 mL of venous blood
were obtained by trained phlebotomists prior to and 28-30
daysafter oral rotavirusvaccineimmunization from adult
volunteersand infants, respectively. Serum was separated
and stored at -20°C till testing.

Saliva: To each tube containing either an Oracol or a
Salimetrics swab, 1 mL of antibody transport medium
(containing 0.2% Tween 20, 10% fetal bovine serum
(FBS) and 0.7% Antibiotic/antimycotic, in phosphate
buffered saline, pH 7.2) was added, vortexed for 20
secondsand centrifuged at 3000 rpm for about 10 minutes.
After centrifugation, the processed saliva was recovered
andtheoral fluid was stored at -20°C until testing.

Sool: Following the first immunization, mothers/
guardians of immunized infantswere requested to collect
approximately 5 g of stoal, at 0, 3 and 7 days after each
dose of immunization, except thefirst wheretherewasno
0 day sample. These stool samples were stored at -70°C
until tested. Fecal 1gA was measured in a subset of stool
specimensobtained from infantswho were either baseline
sero-negative and responded to vaccination (n=12), or
infants who were baseline sero-positive but had a>4 fold
increasein serum IgA from baseline (n=11).

Measuring Rotavirus-specific IgA

All processed serum, sdlivary and fecal samples were
tested in an antibody-sandwich, enzyme linked
immunosorbent assay (ELI1SA) using the bovine G6P [5]
WC3 strain or the human G1P[8] rotavirus antigen. The
procedure for measurement of rotavirus specific 1gA
expressed as was used [16,17], and specimen processing
modified for salivaand fecal specimens. Undiluted neat
processed sdliva in  antibody transport medium
(supernatants and stool samples diluted in 1% bovine
serum albumin (supernatants from 10% homogenized
suspensions centrifuged at 3000 rpm for 15 min) were
assayed to measure rotavirus-specific salivary and fecal
IgA respectively. Total salivary IgA wasalso measuredin
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all salivasamples so that the amount of rotavirus-specific
IgA could benormalizedto 1 mg of total IgA presentinthe
processed specimen. Theresultsfor therotavirus-specific
sdivary IgA measurement were expressed asrotavirus|gA
U/mL sdliva in antibody transport medium. The final
concentrations of stool rotavirus IgA was calculated by
normalizing the total 1gA concentration present in one
milligram of stool.

Among vaccinated infants, seroconversion or a
positive response was considered as the development of
detectable (i.e. >20 U/mL) rotavirus-specific serum anti-
rotavirus IgA antibodies in the serum 28 days after
immunization, from abaseline of negative (<20 U/mL) or
no detectabl e antibody levels. Sero-response, asameasure
of response to the vaccine not meseting criteria for
seroconversion, was indicated as a two- or greater-fold
increase in antibody titres in serum or body fluids as
compared to baseline.

Measuring Total IgA

To measure total salivary IgA concentrations, wells of
microtiter plates were coated overnight with either rabbit
anti-human IgA (Sigma, St Louis, MO) or normal rabbit
serum (DakoCytomation, Glostrup, Denmark) as negative
control. The next day known concentrations of serially
diluted purified human IgA (Sigma, St Louis, MO.)
standards and doubling dilutions of salivary secretions
diluted in 1% skimmed milk or supernatantsfrom the 10%
stool suspensions was added and incubated for an hour.
This was followed by washing and the addition of
biotinylated rabbit anti-human IgA. After incubating for an
hour, plates were washed and peroxidase-conjugated
avidin-biotin was added and incubated. The substrate
(orthophenylenediamine/ H,0,) was added after washing
platesandincubated in dark. After 30 min, thereaction was
stopped with 1M H,SO, and absorbance OD at 492 nm
was measured. Total salivary IgA concentrations were
determined from the plotted values for standard 1gA
concentrations. The final concentrations of salivary or
fecal rotavirus IgA were calculated and expressed by
normalizing to the total IgA concentration present in one
milliliter of salivain antibody transport mediumor relative
rotavirus IgA unit per milligram of total IgA [17],
respectively.

Satistical analysis: Statistical analyses were done using
GraphPad Prism, Version 4.0. Fold changes were
caculated as a ratio between the post- and the pre-
immunization sample. The rotavirus-specific serum,
salivary and fecal IgA units derived from the optical
density measurements were compared. Pearson’'s
correlation coefficients were computed after log
transformation and assessed for significance. Where IgA
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was undetectabl e, a constant number (1) was added to all
the IgA values to make them non-zero values for
calculation of geometric mean concentrations (GMC) and
prior to log transformations, if required. P<0.05 was
considered statistically significant.

REsULTS

Eleven of the 13 adult volunteers were positive for serum
rotavirus IgA while 10 had detectable levels of rotavirus
specific salivary IgA. The GMC of rotavirus specific
serum |gA was 98.9 whereasthat of salivary IgA was 1.4.
There was a significant positive correlation (r=0.759;
P=0.003) between theserum and salivary IgA units.

From 20 volunteers who received BRV-TV vaccine/
placebo, 89 salivary secretions were tested for rotavirus-
specific IgA and compared with the corresponding serum
rotavirusIgA levels(Tablel), with all samplesavailablefor
only 10 volunteers. Of the 10 sets of pre-post parotid
secretions that were tested, >2-fold response was seen in
5/10 sublingual and 4/10 whole salivasamples, but only 2/
10 parotid responses. There was a significant positive
correlation (P<0.05) between pre-vaccination serum and
pre-vaccination saliva, but not between post-vaccination
serum and post-vaccination salivary IgA. Pre- and post-
vaccination rotavirus specific IgA was significantly
correlated (r=0.9, P<0.01) between parotid and non-parotid
secretions. For whole saliva, the post-vaccination samples
alone had a positive correlation of IgA levelsin parotid
and non-parotid secretions (r=0.8, P <0.05).

Of the 176 salivaspecimenscollected from 88 infants,
total salivary IgA was detected in all samples and
rotavirus-specific salivary IgA was detected in 124
(70.4%) saliva specimens, as compared to 151 (85.7%)
rotavirus-specific IgA in paired serum samples. Inthe 3
and 5 dose arm together, 25 infants pre-vaccination and
27 infants post-vaccination had no detectable levels of

TABLE | ROTAVIRUS-SPECIFIC SALIVARY IGA IN PAROTID, SuB-
LINGUAL AND WHOLE SALIVA SECRETIONS IN ADULT
VOLUNTEERS (N=20) GIVEN A SINGLE DoSe oF
BovVINE ROTAVIRUS TETRAVALENT VACCINE

Pre-Post vaccination
salivary IgAresponse

Number of volunteers showing rota-
virus-specific salivary IgA response

Parotid SQub-lingual  Whole
secretions secretion saliva
<2-fold 8 5 15
2-4fold 1 4
>4-fold 1 1
NA 10 10

NA - Sample not available for testing.
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rotavirus-specific salivary IgA.

The rotavirus-specific salivary 1gA and the salivary
IgA normalized to 1 mg of total IgA both correlated with
serum IgA pre- and post-vaccination in both arms of the
infant vaccination study (Fig. 1). Despite a significant
positive correlation, when seroconversion or seroresponse
were examined at the individua level, there was low
correlation between serum and salivary antibody
responses. Among the 43% infantswitha>4-fold increase
in either salivary or serum IgA, 29 (33%) had a serum
response and 17 (19%) had a salivary response. When
rotavirussalivary IgA wasnot normaized withtotal IgA, 4
(5%) more infants had a >4-fold increase in rotavirus-
specificsalivary IgA.

Web Tablel providesthe GMC of serum, salivary and
fecal IgA stratified by serum response. Of the 88 infants,
13 had >4-fold IgA response in serum, saliva and fecal
samples, 6 had a2-4 foldincreasesinall specimens. Of the
35 infants who had no serum immune response after
vaccination, 15 infants showed increases in rotavirus-
specific salivary IgA levels and 13 infants also showed
measurablelevelsof fecal IgA. Inthisgroup of infants, the
levels of rotavirus-specific fecal IgA measured at 3 days
post 1st dose of vaccination showed a strong positive
correlation with rotavirus specific salivary 1gA measured
in secretions collected prior to vaccination (r=0.96,
P<0.0001). However, the fecal IgA measured at 3 days
post 3 or 5 dose of vaccination did not correlate with post
vaccination salivary IgA antibody levels.

Discussion

In early studies, we attempted to measure rotavirus-
specific IgA in parotid, sublingual secretions and whole
sadiva and did not get satisfactory results. We
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subsequently used improved collection devices along
with a PBS-based oral-fluid transport medium, which
contains antibacterial and anti-proteolytic substances.
Thisoral fluid medium had previously been successfully
used to study salivary immune responses of rubella and
pertussis vaccination and infections [18,19]. We
documented that rotavirus salivary IgA unitsamong adult
volunteers were low but showed a significant positive
correlation with titres of rotavirus-specific serum IgA
units. Thelimited resultsfrom the adult vaccination study
did not result in aclear distinction of responsesin parotid
and non-parotid secretion. Wealso documented that RV-
salivary IgA/mgtotal IgA could be detected in morethan
half of samples from infants who were vaccinated with
Rotavirus vaccine, but had negative results for serum
antibodies. There was a significant correlation between
rotavirus-specific salivary and serum IgA units, but
seroresponse rates as fold changes between the pre- and
post-vaccination serum and salivary IgA of theinfantsdid
not correlate perfectly, with salivary responses being
generaly lower than serum.

Grimwood, et al. [14], showed that anti-rotavirusIgA
in salivahad ahigh predictive accuracy of almost 86% for
specific IgA immune response in duodenal fluid of
children at 4 weeks after rotavirusinfection [5]. A report
from Delhi [ 14] showed that salivary IgA antibodieswere
abetter indicator of asymptomatic rotavirusinfection in
neonatesthan serum antibodies. Theresultsfrom thisstudy
suggest that measurement of salivary rotavirus|gA titers
may add toinformation on rotavirusinfectionsand vaccine
response. However, it isimportant to note that previous
studies [20,21] have shown that both salivary and
intestinal 1gA levelsriseand fall quickly at about 2 weeks
post infection or vaccination unlike serum antibodies
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Indian infants.

WHAT THIS STuDY ADDS?

¢ This study reports on evaluation of rotavirus-specific IgA in serum and saliva in naturally exposed and
vaccinated Indian adults and infants and the first study to report rotavirus specific fecal IgA in vaccinated

which peak at about day 27 post infection. Hence,
collection of salivary specimensat 2-week intervalsmight
provide more valuable information to answer whether
salivary antibody levelsactually reflect intestinal antibody
levels.

In our study, therewas considerablevariability inthe
RV-fecal 1gA responses of individual subjects. Bishop, et
al. [22], observed that among young infants, levels of
fecal antibodies fluctuated widely during the first few
weeks of lifewhile breast-feeding was being established,
possibly due to the amount of breast milk ingested and
intervals between evacuation of feces. Another study
speculated that the fluctuations in anti-rotavirus fecal
antibody levelsreflects the fluctuating productionin the
small intestine, asaresponseto arecurrent asymptomatic
infection or to apersisting infection[23].

Limitations of thisstudy includeasmall samplesize,
lack of more frequent sample collectionsand the absence
of data on factors such as stress and feeding that might
affect salivary and fecal IgA. Nonetheless, thisisthefirst
study to report evaluation of IgA in serum and salivain
naturally exposed and vaccinated Indian adults and
infantsand fecal IgA invaccinated Indian infants. Given
that fecal IgA in particular has been described as a
correlate of protectionin naturally infected children, such
studiesin vaccinated children particularly in developing
countriesare needed. Theresultsindicatethat evaluation
of multiple samplesis useful for intensive experimental
study designsand may helpimprove our understanding of
the induction and dynamics of immune responses to
rotavirusvaccination.
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