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CELLULAR IMMUNITY TO BCG VACCINE IN NEWBORN
Yenidoganlarda BCG asisina karsi hiicresel bagisikhik
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Summary: We designed this study to investigate
cellular immunity to BCG vaccine more accurately
with antigen spesified lymphocyte stimulation test
(LST). Twenty four newborn babies (study group)
and their 20 mothers and 12 non-vaccinated healthy
children (control group) were studied. Study group
babies were tested for white blood cell count (WBC),
absolute lymphocyte count (ALC) and LST with PPD
before and 7 tol2 weeks following BCG vaccination.
Control group babies were evaluated with the same
tests. LST with PPD were performed to the twenty

mothers of study group babies. WBCs and ALCs of

all babies were consistent with expected values for
their ages. Stimulation indexes of study group
increased significantly after vaccination (p<0.002).
It was observed that a small proportion of tuberculin
immunity was transferred to the newborn. We
concluded that cellular immunity of newborn babies
was sufficient and BCG vaccination induced cellular
immunity well.
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Ozet:Bu ¢alisma BCG agisi ile gelisen hiicresel
immiiniteyi antijen spesifik lenfosit stimiilasyon testi
kullanarak daha saghikli bir sekilde gostermek:
amaciyla saglikli 30 yenidogan bebek ile bunlardan
20'sinin annesinde ve BCG agist yapilmamig 12
¢ocukta yapildi. Calisma grubundaki 24 bebege
BCG agsisi yapilmadan once ve BCG asisi
yapildiktan 7-12 hafta sonra beyaz kiire ve mutlak
lenfosit sayilart ve spesifik antijen ilé’ (PPD) lenfosit
stimulasyonu testi yapildi. Calisma grubundaki
bebeklerden 20'sinin  annesine de lenfosit
stimulasyon testi yapildi. Heniiz BCG agist
yapilmamus, yaslari 2-4 ay arasinda degisen 12
bebekte kontrol grubu olarak ayni testler ¢alisildl.
BCG agisi yapildiktan sonra bebeklerin stimiilasyon
indekslerinde oldukg¢a anlamli bir yiikselme oldu
(p<0.002). Kontrol grubu bebeklerin ortalama
stimulasyon indeksleri, ¢calisma grubu bebeklerin
asilama oncesi donemi ile benzer bulundu. Sonugta
BCG agisimin bolgemizde agsilama ile ilgili diger
teknik konulara dikkat edilmesi kaydiyla iyi bir
koruyuculuk saglayabilecegi kanaatina vardik.

Anahtar Kelimeler: BCG agtisi, Hiicresel immiinite,
Lenfosit transformasyonu

Cellular immunity to BCG vaccination has been
usually evaluated with tuberculin reactivity (1-4).
Tuberculin  reactivity is a delayed type
hypersensitivity reaction in which T lymphocytes
have major contribution. T lymphocytes which play
role in delayed type hypersensitivity are different
from those in cellular immunity. Tuberculin
reactivity reflects a previous meeting with
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microorganism (m.tuberculosis) without developing
resistance. At the same time immune system in skin
and some local factors may effect tuberculin
reactivity towards the negative side (5). Because of
the reasons mentioned above and our controversial
clinical experiences we decided to investigate
cellular immunity to BCG vaccination more
accurately with  antigen spesified lymphocyte
stimulation test.

MATERIAL AND METHODS

This study was carried out in Erciyes University
Hospital. We had consents of all parents before
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study. Study group was 24 newborn babies, (14
male, 10 female) and their 20 mothers. Control
group was 12 non-vaccinated healthy children (7
male, 5 female). None of the children or mothers
had any disease. Study group was tested for white
blood cell (WBC) count, peripheral blood smear
and differential as well as lymphocyte stimulation
test (LST) with purified protein derivative (PPD)
before and 7 to 12 weeks (average 9.3+1.5)
following BCG vaccination. Control group children
were evaluated with the same tests. LST with PPD
were performed to the twenty mothers of newborn
babies. Fifteen of 24 newborn babies were
evaluated for lymphocyte subgroups
(CD3,CD4,CD8,CD16 and CD19).

Study group children received BCG vaccination
intradermally in a dose of 0.05 ml (50.000 alive
germ) at 1-5 (average 2.3+1.1) days of the life. The
tests were repeated after 7-12 weeks (average
9.3£1.5) of the vaccination. Age of control group
during evaluation ranged between 2-4 months
(average 2.6+0.6). WBC were counted in capillary
blood samples drawn from finger or heel with
Coulter Counter Autoanalyser-(S880). Peripheral
blood smear was stained with Wright's stain and
evaluated at 100x magnification with light
microscope. Lymphocyte ratio in smear was
multiplied with WBC values and absolute
lymphocyte count calculated.

Two ml of venous blood sample was drawn into the
unpreserved heparine (H3125,Sigma) flushed steril
syringe for LST. Furthermore four ml of venous
blood sample was drawn into the preserved heparine
(Liquemine,Roche) flushed syringe for lymphocyte
subgroup determination. Tests were performed
immediately.

Lymhocyte separation: Blood samples were
diluted with equal amounts of phosphate buffer
solution (PBS) and mononuclear cells separated by
ficoll-hypaque (Histopaque, Sigma) centrifugation
method (6). Ultimately mononuclear cells were
suspended in complete medium in a concentration
of 10° cells/ml for LST and in PBS with 5% fetal
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calf serum in a concentration of 5x10° cells/ml for
lymphocyte subpopulation (7).

Lymphocyte Stimulation Test: To determine the
dose of antiggn and incubation time several doses of
antigen and different incubation periods were tried
before commencing to the study. It was decided that
four days of incubation period and 0.05 mg dose of
antigen (PPD) were optimal.

Three tubes for stimulation and one for
unstimulation were prepared; 0.8 ml complet
medium, 0.05 mg (0.1 ml=5 TU) PPD (antigen) and
0.1 ml (10%) cells were added to stimulation tubes;
0.9 ml complet medium and 0.1 ml (10°) cells
combined into the unstimulation tubes. Samples
were incubated in a medium containing 5% CO, at
37°C for four days. To mark the cells radioactively,
0.5 uCurie of Methyl-’H-Thymidine (Amersham)
was put into the tubes. After 16 hours of incubation,
to cease the reaction 3- methyl thymidine (Sigma)
was added and kept at +40°C for an hour.
Radioactively marked cells were adsorbed on filter
discs and dried. The discs were washed in turn with
5% TCA, ethyl alcohole and acetone mixture and
acetone alone and dried. Dried discs were added in
scintillation fluid which contains primary flour.
Radioactivity was read as count per minute (cpm) in
a beta counter (RACKBETA). For each case four
stimulated and two unstimulated cpm values were
recorded. Cpm results obtained from scintillation
fluid and empty (without cell) discs represented
basal values. Mean values for stimulated |,
unstimulated and basal cpms were calculated
separately. Stimulation index (SI) was calculated as
follows (8):

cpm (stimulated) - cpm (basal)
Stimulation Index (SI)=

cpm (unstimulated) - cpm (basal)

Lymhocyte subpopulations were detected with
indirect immunoflourescein method (Behring
Monoclonal Antibody). For statistical analysis
Student t test and paired t test were used; p values
<0.05 were considered as statistically significant.
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Table L. Physical features of study and control groups

n Age* Sex (M/F) Weight* (gr)
Study group-Prevaccination 24 23+13day 14M/10F 3272 +456
Study group-Postvaccination (a) 24 2.7+ 0.5 mo 14M/10F 6223 + 672
Control group (b) 12 26+06mo  7M/SF 6020 + 682
*X +SD
Statistics
aand b t=0.822 ; p=0.3 t=1.017 ; p=0.4

Table II. WBC and absolute lymphocyte counts and lymphocyte ratio in peripheral blood smear of

study and control groups

Groups n WBC Count* Abs.Lymp.Count* Lymph. Ratio*
(in mm?®) (in mm’) %
Study group- 24 14587 + 4373 4681 + 2053 319+ 148
Prevaccination (a)
Study group- 24 11379 + 4533 6440 + 2578 58.1+13.8
Postvaccination (b)
Control group (c) 12 13316 + 5942 6019 +2574 49.7+18.5
*X +SD
Statistics
aand b t=2.552, p<0.02 t=-2.869;p<0.009 t=-6.688;p<0.0001
aand ¢ t=0.728;p=0.471 =-1.957; p=0.059 t=-3.107;p<0.004
bandc t=1.089;p=0.284 t=0.463;p=0.646 t=1.588;p=0.122
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Table III. Stimulation Indexes of Study Group, Control Group and

Mothers
- Groups n Stimulation Indexes
X *SD
Study group-Prevaccination (a) 24 0.28 £0.55
Study group-Postvaccination (b) 24 1.3 +1.87
Control group (c) 12 0.5 £0.71
Mothers (d) 20 1.3 £1.67
Statistics
aandb t=-3.547 ; p<0.002
aandc t=-0.966 ; p=0.326
bandc t= 1.427;p=0.162
aandd t=-2.803 ; p<0.008
bandd t=0.007 ; p=0.994

Table I'V. Lymphocyte Subgroups of Newborn Babies

Monoclonal antibody Ratio (%)

X+8SD
D3 51.73 +3.01
cp4 31.80 £4.72
gg% 24.07+£2.74
CD16 25.67 f 8.48
CD4/CD8 14.87+3.50

1.34 £0.15
RESULTS

Physical features of study (prevaccination and
postvaccination) and control groups were presented
in Table I. The study group consisted of 14 male
and 10 female babies whereas the control group
consisted of 7 male and 5 female babies. Average
ages of prevaccination, postvaccination and control
groups were 2.3+1.3 (1-5) days, 2.7+0.5 (2-3.5)
months and 2.6+0.6 (2-4) months respectively.
Postvaccination study group and control group were
similar for age (p=0.3), sex and body weight

(p=0.4).
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WBC counts, lymphocyte ratios in peripheral blood
smear and absolute lymphocyte counts of
prevaccination and postvaccination study groups and
control groups were shown in Table II.
Postvaccination study group and the control group
were similar for each of the three parameters
(p=0.284, p=0.122 and p=0.646 respectively).
Prevaccination study group and postvaccination
study group were different for each of the three
parameters (p<0.02, p<0.0001 and p<0.009
respectively). These results were consistent with
expected values for their ages.

Stimulation indexes of three groups and mothers
were presented in Table III. Stimulation indexes
scattered in a wide range. Stimulation indexes of 22
(%91.7) babies increased after vaccination. Average
stimulation index of postvaccination study group was
higher than the prevaccination study group
(p<0.002). Prevaccination study group and control
group were similar for stimulation indexes
(p=0.326). Postvaccination study group was similar
to the control group (p=0.162) .
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Average stimulation indexes of mothers were higher
than the prevaccination study group (p<0.008) and
similar to postvaccination study group (p=0.994).
Lymphocyte subpopulations and CD4/CD8 ratios of
15 prevaccination study group babies were shown in
Table IV.

DISCUSSION

Immune incompetency of newborn babies has been
reported several times in the literature (9-11). There
were also several reports regarding immune
competency of newborn babies (12,13). In respect to
immune competency of newborn Ildirim et al (2)
reported that BCG vaccine administered in third
month of life produced better immunity than that in
the first month. Ormerod and Garnett (3) observed
that tuberculin reactivity was still maintained after
four years when vaccination was performed in the
newborn period. In both studies immunity was
determined with tuberculin reactivity. Because there
are controversial results concerning immunity of the
newborn, we studied WBC counts and absolute
lymphocyte counts in all babies and lymphocyte
subpopulations in some. WBC and absolute
lymhocyte counts in all groups (prevaccination,
postvaccination study groups and control group)
were compatible with reference values of their ages
(14). The values of CD8, CD16 and CD19 of 15
babies were within reference values. CD3 values
were slightly lower than the normal range. CD4
values were within lower limits of the normal (15).
Slightly low CD3 and CD4 values were attributed to
study tecnique that was used in laboratory. In
addition to lymphocyte subgroup values CD4/CD8
ratio is also important for immune competency and
values of less than 1.2 were accepted as “low”.
CD4/CD8 ratios of all 15 babies were equal to or
higher than 1.2 and we concluded that none of these
newborn babies had cellular immune incompetence.

To date cellular immunity to, BCG vaccination is
usually evaluated by tuberculin reactivity. The
relationship between tuberculin hypersensitivity and
protective immunity has been researched in several
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studies (16-18). There are some evidences about
tuberculin sensitivity stating that it is not always
parallel to protective immunity. These are ; (i) no
direct relationship has been found out between the
size of skin test reaction and the degree of acquired
immunity, (ii) some vaccinated animals with
negative skin test were immune to the disease, (iii)
tuberculin testing boosted a waning tuberculin
reaction but did not boost a waning protective
response and (iv) differences in allergenicity of a
panel of BCG vaccines were more pronounced than
differences in protective ability (19). Lymphocyte
stimulation test evaluates cellular immunity. When it
is carried out with a certain antigen it refers specified
cellular immunity. We evaluated specified cellular
immunity to BCG vaccine by the help of
lymphocyte stimulation test. We used PPD as the
antigen. Median  stimulation indexes of
postvaccination study group were higher than those
in the prevaccination group (p<0.002). There was a
strong correlation between pre and post vaccination
stimulation indexes (coefficient of
correlation=0.863, p<0.0001). Stimulation indexes
were increased in 91.7% and decreased in 8.3% of
the study group babies after vaccination. We
suggested that some babies were not vaccinated
properly. When children were evaluated individually
stimulation indexes increased by 32-fold (average)
after vaccination. Ten fold or more increase in
stimulation index may be accepted as sufficient (20).
Since there are no reference values about LST, we
can not comment on protective value of this increase
in stimulation index. Stimulation indexes after
vaccination were similar with healthy mothers
(p=0.768).

Tubercle bacilli has many antigenic determinants.
Some of them are specific to m.tuberculosis but
others are not (21). The microorganisms that are
antigenically similar to tubercle bacilli may effect
immunity to BCG vaccination positively or
negatively (22, 23). A good example of these
organisms is atypical mycobacteria. We evaluated
the effect of atypical mycobacteria on nonvaccinated
control group. Stimulation indexes of the control
group were similar with prevaccination study group
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(p=0.842), and were lower than postvaccination
control group (p<0.05). We concluded that atypical
mycobacteriae constitute a low grade sensitivity and
it has a positive effect on BCG vaccine immunity.

Previous investigators suggested that tuberculin
immunity may be transferred through human breast
milk (24,25). Some others found out evidence for
transplacental transfer of tuberculin immunity
(7,24,26). We performed lymphocyte stimulation
test in 20 mothers of study group babies to evaluate
the “mother-to-infant” transfer of cell mediated
immunity to tubercle bacilli. Average stimulation
indexes of mothers were higher than their newborn
babies (p<0.008). There was no correlation between
babies and mothers. In previous studies it was found
that PPD induced blastogenesis was depressed in the
last four weeks of pregnancy and at the time of
delivery. This response increased in time and in 4 to
6 weeks of life reached peak levels then waned and
disappeared in the third month of life (7,24). Since
we have vaccinated our babies in the newborn period
we were unable to evaluate them in 4th to 6th weeks
of life.

Finally we concluded that (i) cellular immunity of
newborn is sufficient and we can vaccinate them
with BCG, (ii) in newborn BCG vaccination induce
cellular immunity well, but whether cellular response
is high enough to protect them against tuberculosis
remains unclear; this may be the subject of another
study, (iii) atypical mycobacteriae in our region may
effect immunity to BCG vaccine positively, and (iv)
a small proportion of tuberculin immunity is
tranferred to the newborn.
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