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Abstract

This study was conducted at Pakkred Babies Home, Bangkok, Thailand; with the hypo-
thesis that children receiving probiotic-supplemented milk-based formula may be protected from
developing diarrheal diseases. Salivary rotavirus-specific IgA antibody was used as an indicator
of rotavirus infection. One hundred and seventy-five children, aged 6-36 months, were enrolled
in the study. They were divided into 3 groups according to the type of formula given. There
were 81 episodes of diarrhea during an 8-month study period, most of which were caused by
bacterial enteropathogens. Ninety-seven pairs of salivary samples were adequate for the ana-
lysis of rotavirus antibody. Among 23 children receiving milk-based follow-up formula and
serving as control group, 30.4 per cent of them had > 4-fold increase in the antibody titre,
indicating subclinical rotavirus infection. The majority of children in the other 2 study groups,
receiving the same formula supplemented with either Bifidobacterium Bbi2 alone or together
with Streptococcus thermophilus, had no significant change in the antibody titres between the
two time points. The results of this study support our hypothesis that children receiving
bifidobacteria-supplemented milk-based formula may be protected against symptomatic rotavirus
infection.
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Probiotic is a live microbial food supple-
ment which beneficially affects the host by improv-
ing the intestinal microbial balance. Prevention of
infectious diseases, immunostimulation and im-
proved bioavailability of nutrients are claimed to be
the potential health benefits of probiotic. Lacto-
bacilli, bifidobacteria, enterococci and streptococci
used in yokurts or other fermented milk products
are examples of probiotic usage(l),

Rotavirus is an important cause of acute
gastroenteritis in infants and children throughout
the world. In neonates, salivary rotavirus-specific
IgA was found to be a better indicator of rotavirus
infection than serum IgG titres. Salivary rotavirus-
specific IgA was not detected in healthy neonates
but was detected in 62 per cent of infected infants
three weeks following infection(2). It was also used
to assess the response after rotavirus diarrhea and
vaccination(3,4),

In this study, healthy infants and young
children aged 6-36 months were randomized into 3
groups and received either a milk-based follow-up
formula or the same formula supplemented with
either Bifidobacterium Bb12 alone or together with
Streptococcus thermophilus during a period of 8
months. The aim of the study was the prevention of
diarrheal disease in children less than 5 years of age
who generally, according to the report from the
Ministry of Public Health in 1994, have 1.34 epi-
sodes of diarrhea per child per year. Rotavirus-spe-
cific IgA antibody titres in the saliva samples taken
at the beginning and the end of the study as well as
after having watery diarrheal episodes were used as
the indicators of rotavirus infection.

MATERIAL AND METHOD

One hundred and seventy-five young chil-
dren aged 6-36 months from Pakkred Babies Home,
Bangkok, Thailand; were enrolled in the study.
Pakkred Babies Home is an orphanage. Children are
distributed to live in 6 houses according to their
age-groups. Those who were not suffering from mal-
nutrition were randomized into 3 groups according
to the type of formula given; 57 children aged 684+
210 days received a milk-based follow-up formula
(Nan-2) and served as control group; 62 children
aged 487+189 days received the same follow-up
formula supplemented with Bifidobacterium BbI2
(108/g) alone (Bb group) and 56 children aged 526+
193 days received the same formula supplemented
with both Bifidobacterium BbI2 and Streptococcus
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thermophilus (Bb+S.ther.group) during a period of 8
months.

Salivary samples were taken at the begin-
ning and after an 8-month study period from all in-
fants using sterile cotton buds. Salivary samples
were also taken at varying intervals from infants
who had diarrheal symptoms. Ninety-seven pairs of
salivary samples were adequate for the analysis.
The incidence and duration of acute diarrheal epi-
sodes were recorded. Stools from children with dia-
rrhea were sent for culture of enteropathogens and
rotavirus detection by Rotalex (rapid test based on
latex agglutination.)

Total protein determinations

The bicinchoninic acid (BCA) micro
method was used (Pierce, Rockford, USA). Tripli-
cate determinations were set up in Microtiter plates
(Microtec, Embrach-Embraport, CH). To 10 ul of
saliva or standard (2-fold dilutions from 2.0-0.0625
mg/ml) was added 200 pl working reagent. Plates
were mixed well and incubated at 37°C for 30 min
before reading on a Microtech MR 5000 plate reader
(Microtec, Embrach-Embraport, CH) at 550 nm with
the programmable EIA-Calc system using a linear
regression curve fit.

Total S-IgA determinations by ELISA

A capture ELISA technique was used for
S-IgA determination. Microtiter plate wells (Dyna-
tech) were coated overnight at 4°C with 100 ul per
well of anti-human IgA o-chain specific (Sigma), 20
pg/ml in coating buffer. For each sample to be
tested a control well was left uncoated. All washing
steps in the assay were performed 3x with PBS
containing 0.05 per cent Tween-20. After being
washed, the wells were blocked with 100 pl of
PBS-Tween containing 0.5 per cent caseinate K,
and incubated 1 hour at 37°C. Plates were again
washed and 100 ul of standards (2-fold dilutions
from 1.0-0.0625 pg/ml) or saliva samples (at dilu-
tion 1:200 to 1:500) diluted in PBS-Tween 0.05 per
cent were added to wells in triplicate and to control
wells, and incubated 1 hour at 37°C. Purified S-IgA
(Nordic Immunological Laboratories) was used as
standard. Unbound antibody was removed by wash-
ing and 100 pl of anti-human IgA o-chain specific
conjugated with alkaline phosphatase (Sigma) was
added at dilution 1:5,000 in PBS-Tween and incu-
bated 1 hour at 37°C. Plates were again washed and
200 pl of paranitrophenyl phosphate 1 mg/ml
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(Sigma 104) in substrate buffer was added and incu-
bated 30 min at 37°C, and the optical density mea-
sured at 405 nm. Concentrations were determined
using the programmable EIA-Calc system using a
linear regression curve fit.

Total S-IgA determinations by RID

Secretory IgA (S-IgA) was determined in
saliva by radial immunodiffusion (RID) using the
ML plates (range 8.5 to 85 mg/L) for the determina-
tion of monomeric IgA (The Binding Site, Birmin-
gham, UK). For each series of determinations, a
standard curve using purified human secretory IgA
at 450, 270, 135, and 45 pg/ml was included, as
well as monomeric IgA controls. All samples and
standards were applied in duplicate and distributed
randomly on different plates. After a diffusion
period of 72 h, the horizontal and vertical diameters
were measured using an electronic RID reader (The
Binding Site, Birmingham, UK) and concentrations
calculated from the standard curve.

Specific IgA anti-rotavirus antibody in saliva
A direct ELISA was used to determine
specific IgA anti-rotavirus antibody in saliva.
Microtiter plate wells (Dynatech M 29 AR =
Greiner 655171) were coated overnight at 4°C
with 100 pl per well of rotavirus antigen at a
concentration of 20 pl/ 10 ml in coating buffer. The
antigen prepared by H. Brussow was a bovine rota-
virus V1005 specific for the rotavirus group anti-
gen VP6 containing single shelled particles and was
purified by sucrose gradient centrifugation. For each
sample to be tested, a control well was left uncoated
to test for non-specific binding and samples and
standards were applied in triplicate. All washing
steps in the assay were performed 3x with PBS
containing 0.05 per cent Tween-20. The standard
was pooled human serum and was applied in tripli-
cate using two-fold dilutions from 1:50-3,200. To
avoid non-specific adsorptions to the plastic, both
saliva (usually diluted 1:10) and standards were
diluted in PBS 0.5 per cent Tween-20. To each well
was added 100 pl of sample and standards and
plates were held at 4°C overnight. The plates were
washed 3x and 100 pl of biotin-conjugated anti-
human IgA o-chain specific (Sigma) added at dilu-
tion 1:5,000 in PBS-Tween 0.05 per cent and incu-
bated 2 h at room temperature with gentle shaking.
Plates were washed 3x and 100 ul streptavidin
peroxidase conjugate dilution 1:1000 in PBS-Tween
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0.05 per cent were added. Plates were incubated at
room temperature for 30 min with gentle shaking.
Plates were again washed 3x and 100 pl of TMB
peroxidase substrate system was added and plates
incubated 30 min at room temperature with gentle
shaking. The reaction was stopped by the addition
of 100 ul 1 M phosphoric acid. The optical densi-
ties were read on a Dynatech plate reader (MR
5000 with EIA-Calc soft wear) at A450/550 nm,
and titres were calculated from the linear regres-
sion data of the standard curve using an absorbance
cut-off value of 0.1. If sample OD values did not
fall within the standard curve they were repeated at
a suitable dilution (between 1:2 and 1:50).

All of the laboratory tests were performed
at Research & Development, Nestle’ Research
Center, Lausanne, Switzerland.

Statistical analysis

The statistical analyses were performed by
J.M. Aeschlimann and the p-values indicated were
for the student r-test comparing the 2 time points
within each group.

RESULTS

The initial average salivary values of total
protein, total secretory-IgA (S-IgA) and specific
IgA anti-rotavirus antibody in all groups of children
are shown in Table 1. The average values for total
S-IgA and total protein for the two time points are
shown in Table 2. Total protein in Bb group was
higher than that in the other two groups at the
beginning of the study, and there was a significant
decrease in total protein in this group. At the end of
the study, all total protein. values were similar.

In Bb+S.ther. group, total S-IgA was
higher at the beginning of the study than that in
the other two groups and there was a significant
decrease in total S-IgA between the two time points.
In Bb and control groups, total S-IgA levels were

Table 1. Initial average salivary values in all
groups.

Parameter

Total protein 1.13 mg/ml

Total S-IgA 94.8 ug/ml

IgA anti-rotavirus 35 GMT

IgA anti-rotavirus 465 GMT/mg protein

IgA 8.73 % protein
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Table 2. Average values for salivary total protein
and total IgA in various groups.
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Table 4. Change in salivary anti-rotavirus titres.

Group Control Bb Bb + S. ther.
(m) (23 (40 (34)
Total protein (mg/ml)
start 0.91 1.33 1.16
end 0.99 0.98 1.12
* p - value 0.59 0.02 0.76
Total IgA (ug/ml)
start 68.7 83.9 131.9
end 69.9 76.0 925
* p — value 0.92 0.57 0.03
IgA as % protein
start 7.96 727 10.96
end 7.52 173 8.85
* p — value 0.79 0.92 0.14

* p - values for change comparing the two sample times

Table 3. Salivary IgA anti-rotavirus titres.

Group Control Bb Bb +S. ther.
(n) (23) (40 (34)
IgA anti-rotavirus titres/ml
GMT start 217 28.6 53.1
GMT end 478 394 494
Fold rise 2.20 1.38 0.93
* p - value 0.01 0.20 0.83
IgA anti-rotavirus titres/mg total IgA
GMT start 424 480 492
GMT end 843 718 642
Fold rise 1.99 1.50 1.30
* p - value 0.01 0.60 0.33

* p - value for change in specific antibody titres comparing the
two sample times

very low and thus IgA expressed as a percentage of
total protein was also low. There was a correla-
tion coefficient (0.496 for n = 184) between total
protein and total S-IgA.

The geometric mean titre (GMT) for rota-
virus-specific IgA antibody titres expressed per ml
and per mg total S-IgA are shown in Table 3. A
significant increase in salivary anti-rotavirus titres
with a 2-fold increase was observed in control
group. As the number of infants in each group were
not comparable, the changes in salivary anti-rota-
virus titres per mg total S-IgA were expressed in

Group % of infants with rising titer (fold)
(n)
<03 03-39 >4
Control (23) 13.0 56.5 30.4
Bb (40) 12.5 65.5 225
Bb + S. ther. (34) 14.7 64.7 20.6
Table 5. The incidence of diarrhea in children at
Pakkred Babies Home, Bangkok, Thailand.
(August 1996 - March 1997).
Group Children Diarrhea
(n)
episodes  episodes/ child/ year
Control 57 14 0.56
Bb 62 40 1.22
Bb + S.ther. 56 29 1.01
Total 175 83 0.93

percentages (Table 4). The control group had 30.4
per cent with a >4-fold increase in titre as com-
pared with 22.5 per cent and 20.6 per cent for Bb
group and Bb + S. ther. group, respectively. For
the majority of infants (57- 65%), there were no
changes in titres between the two time points and
for a small percentage of infants, there was a
decrease in the titre.

The incidence of diarrhea in children at
Pakkred Babies Home during the study period of
8 months are shown in Table 5. The average epi-
sodes/child/year was 0.93. Among 81 diarrheal epi-
sodes, shigella was responsible for one fifth of these
episodes (Table 6). Rotavirus was proved to be the
cause of diarrhea in only 3 episodes.

DISCUSSION

The incidence of diarrheal diseases in this
study is lower than the national figure. This is pro-
bably due to the improved hygenic condition in the
institution during the study period. One of the
weaknesses of this study at the actual recruitment,
is the difference in the ages that clearly advantages
the control group which are more aged and may be
less sensitive to develop diarrhea. Regarding the
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Table 6. Enteropathogens isolated from stool cultures in 81 episodes of diarrhea. (August 1996 - March

1997).

Enteropathogen Group n (%) Total Per cent

Control Bb Bb +

S. ther.

E. coli 8 (17 5(53) 14 (30) 47 58
Shigella sp. 4(23) 5(30) 8 47N 17 21
Salmonella sp. - - 1 (100) 1 1.2
Rotavirus 2(67) 1(33) - 3 3.7
Nonspecific - - - 13 16.1
Total 14 20) 31 (46) 23 (34) 81 100

) ) . . Resuits expresses as salivary IgA anti-rotavirus titres and titre per mq total IgA
etiologic agents, bacteria such as shigella, salmo-

nella and E. coli seem to be the leading causative Bangkok study : Diarrheal infant 31
enteropathogens. Rotavirus accounts for only 3.7
per cent of the 81 diarrheal episodes, 2 in the con- 10000 ;

! A )
trol group, 1 in Bb group and none in the Bb+S.ther. ,
1000 18 P

group. This is in contrast with previous studies, as Ve
most of them show that rotavirus is the most W T igh o

& |—®—anu.cta ve

frequent viral cause of severe diarrhea in infants,  ¢0 T
in both developing and developed areas of the M
world(5-7). 10 N

b N
At the first sample time, the Bb+S. ther.
group had higher total IgA levels per ml saliva and !
also higher anti-rotavirus titres per ml than the \c,?""%?ﬁ:_q,@ RS \09@\\95 R \,@"\\&
other two groups, but the initial anti-rotavirus titres A S NN S
in the 3 groups were similar when calculated per Saliva sample date

mg total IgA. The control group had the highest
percentage of infants (30.4%) with > 4-fold increase  * Diarrheal incidence
in anti-rotavirus titres compared with 22.5 per cent
and 20.6 per cent for Bb and Bb+S.ther. groups,
respectively; and a 2-fold increase in the geometric 100000
mean titre, indicating perhaps more subclinical rota-

Bangkok study : Diarrheal infant 59

o . T . 10000 A\
virus infections. A lower incidence of symptomatic
or silent rotavirus infection in the majority of chil- 1000 — ] \/A\k\
dren receiving bifidobacteria-supplemented formula 100 / \ /\\\

was shown by a lower antibody response in their ’ m
saliva. For those who had rotavirus infection, there 10,
was an increase in salivary anti-rotavirus titres |
between 2-3 weeks after infection (Fig. 1). . .
This clinical study together with salivary o7 07
. e K . . o NS ey el > ©° el
rotavirus-specific IgA antibody determination sup-
port the hypothesis that a milk-based follow-up

formula supplemented with bifidobacteria may pro- Fig. 1. Salivary specific IgA anti-rotavirus titres of
tect against rotavirus infection. 2 infants with rotavirus infections.

Saliva sample date

(Received for publication on October 15, 1999)



S48 P. PHUAPRADIT et al.

REFERENCES

1. Fuller R. Probiotics in human medicine. Gut
1991; 32:439-42.

2. Jayashree S, Bhan MK, Kumar R, et al. Serum
and salivary antibodies as indicators of rotavirus
infection in neonates. J Infect Dis 1988; 158:
1117-20.

3. Aiyer J, Bhan MK, Bhandari N, et al. Rotavirus-
specific antibody response in saliva of infants with
rotavirus diarrhea. J Infect Dis 1990; 162:1383-4.

4. Friedman MG, Segal B, Zedaka R, et al. Serum

and salivary responses to oral tetravalent reassor-

J Med Assoc Thai November 1999

tant rotavirus vaccine in newborns. Clin Exp
Immunol 1993; 92:194-9.

Black RE, Merson MH, Rahman AHMM, et al. A
two-year study of bacterial, viral, and parasitic
agents associated with diarrhea in rural Bangla-
desh. J Infect Dis 1980; 142:660-4.

Cukor G, Blacklow NR. Human viral gastro-
enteritis. Microbiol Rev 1984; 48:157-79.

Ho M-S, Glass RI, Pinsky PF, Anderson LT.
Rotavirus as a cause of diarrheal morbidity and
mortality in the United States. J Infect Dis 1988;
158:1112-6.

- v V) - - purap]
maaaaasmIaade LsalsnluinAldsuunmdndsluilauuafie

- a - & @ of - A -
WIANG WIVT=AwS, W Jud 991Ivg wur mue Iwlums, Wt
5299950 uaIRE, MUY, pNTIaY  IWAwWIIA, e Y, aNINS gYiAIIE, WY,
§AaRT uwium, M, e SuMIhE, AAL*YYY Ferdinand Haschke, M.D.*****

¥ Yoo A « - P & oM v o e a o aa
mMsfnaNiinqUissARaRgalayisunh  @indlasuunmidnlusluladnazdniims
l i wa = & & < a ' - o
amalsAgaansindbeat lannmsfnwinsnudsaangau thninia Wnangszving 6-36 Wau 37w 175 Ay
v oo = voE ' a [ 3 - &, & & % & P o
Teigrsnlumasdine Tasudasindu 3 nduamadnpausmldsy Idlduaudvadsadalsalsmiuinaedum
. Y a & % (% | P - P T . a & & ' '
Yartemsdadn liials Twdheimnisénsdunm 8 Wau fatinmsvaslsagaarszsinfiniu 81 a5 drulvg)
- P 4 - o -o i 1o ja - o o - &, &
Waannmsfadpuuaiideludld S3wowias 97 gndvinaisadmiumIaTavnuaufiupfsaiTe
a ' @ 4 o Y PN 4 a &
Tsalsan 'IunQuﬂmﬂumﬁmuumqmmamm 3wy 23 Ay 3egar 304 HnNsmumuspdalisalsenuiaie
P ' - | ' - - & o ‘-t . ' 7] [
gwnnnimianny 4 wh wasismsiadaliialsdlaglifionns Tundudnw 2 naw wndeldsuunmegns
' - o - & e . ' o a v N . M el
FBLUEN  YWANWB  Bifidobacterium Bb12 peNu@e WIDTINNY  Streptococcus  thermophilus mu‘lmyluu
= a - - o & - L2 - oA @ o
mswasuuatlusziugiishumusadabialehluiae - wavpsmsinsnasslmivayuaNNAguAENATUuN
o - " . o o & o -
Haiinda bifidobacteria anRazanIadauMAnds el s Auanemsla

. o w a & Y 1% a -
MR - msfiadabialsh, uuweidislysluladn

. MATINHIIYMENT, ANSWANEANTATIIINENLIRTINBUE,
* ANITEIEITNEDAMENS, Ninendeuiiag,
xe FUNNUIRY, AsUWNEMER TSN LR BUR,

kR

EERL TS

Nestle' Research Center, Lausanne, Switzerland.

MHenMUAENTUIMS, ALEUANEAERITSINENLIETHBUR, amAnedenfian, nganw 4 10400




