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RESULTS

Phagocytosis and intracellular killing:

The rate of phagocytosis or intracellular killing
was measured in vitro for a certain length of time and

expressed as an index.

The phagocytic index for a given interval (Ft)
was defined and calculated according to the formula
Ft = log No - log Nt (Van Furth and Theda Van Swet 1973),
in which No is the number of viable bacteria in the
suspernatant fluid at the start of phagocytosis, and NT
is the number of viable bacteria in the supernatant
fluid at time t. Simlarly the killing index (Kt) was
defined and calculated with the formula Kt = log No - log
Nt, in which No is the number of viéble intracellular
bacteria at the start of the experiment on intracellular

killing and Nt is the number of viable intracellular bact-

eria at time t.

The calculation of these indices is a valuable
tool for comparison not only of the rate of ingestion
or rate  of intracellular killing of different bacteria
by phagocytic cell but also of the rate of these pro-
cesses in leukocytes of healthy individuals and patients

with various infection or blood diseases.



The phagocytic and intracellular capacity were also

assessed according to the formula.

Mean number of bacteria at zero time - Mean mumber at t time
X 100

Mean nurber at zero time

Accordingly the phagocytic and the intracellular
rate and capacity were assessed to give an idea about
the function of PMN's in healthy and groups infected

with schistosoma.

Phagocytosis:

The results of the phagocytic test are shown
in‘Tables (1,3) Figure (1) for the mice group, and in
Tables (7,9,11) Figure (3) for the human group. The

incubation of PMN leukocytes and Staphylococcus aureus

(bacteria to cell ratio is 1l:1) in medium containing

serum gives the following results:

' I. Mice Group:

Table (6) demonstrates a highly significant
difference between the phagocytic index of the control

and the infected group at 60 and 120 minutes. The t
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value after 60 min. is 5.33 and the P value is less
than 0.001 and after 120 min. the t is 10.382 and
the P is less than 0.001.

II. Human Group:

Table (13) shows a significant difference after
60 min. between the phagocytic index of the control
group and the early infected group, (the t value is
3.1 and the P value is less than 0.01), and a signifi-
cant difference between the control group and the late
infected group (the t value is 3.0 and P is less than
0.01). There 1is significant difference between the
early and the late groups of bilharziasis in their
phagocytic indices, (the t values is 1.35 and the P

value is greater than 0.05).

A highly significant difference between the
phagocytic index of the control and the group of early
as weil as Late schistosomiasis can be observed after
120 min. For early cases the t value is 4.3 and the P
value is less than 0.001, and for the late cases the
t value is 4.39 and P value is less than 0.001. No
significant difference is shown between the early and
late schistosomiasis (the t value is 1.2 and the P

value is greater than 0.05).



- 106 -

Phagoc¢ytic capacity:

1., Mice group:

Table (5) Fig. (5) shows a highly significant diffe-
rence between the phagocytic capacity 6f the control
(43.7%) and the infected group (10.1%) after 60 min.
Moreover there is a highly significant difference between
the two groups after 120 min. (81.7%) for the control)

and (23% for the infected group).

II. Human group:

T able (14) Fig.(7) shows a significant difference
between the phagocytic capacity of the control (62.77%)
and the early schistosomal infected groups (40.4%) after

60 min. as well as late schistosomal groups (49.4%).

It is also found that there is no significant
difference between the early (40.4%) and late schisto-

somal groups (49.4%).

After 120 min., there is in significant difference
between control (84.97%) and early schistosomal groups

(67.3%) .
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Also ,insigﬁificant difference between the control
group (84.9%) and the late schistosomal group (74.9%)
is found, with regard to the comparison between the early
(67.3%) and late schistosomal groups (74.9%) there is also

insignificant dif:lerence.

Intracellular killing:

The intracellular killing experiment depends on
incubation of cells that have ingested bacteria and
assay the rate of bacterial killing at different inter-

vals.

Since the intracellular killing technique measures
the survival of bacteria inside phagocytic cells; the
shortest time for optimal phagocytosis must be determined
first for the phagocytic cell and the tested strain of

bacteria.

To determine the optimal ingestion time, bacteria
and cells were incubated at 37 C in a ratio of 1:1, and
a sample was taken for determination of the number of
viable bacteria within the granulocytes at various inter-

vals (i.e. 0, 60, 120 min.).
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"I. Mice group :

Table (5) Fig.(6) shows a decrease in the killing
capacity of the control groups (47.8%) after 60 min.,
where as the killing capacity of the infected groups
is (74%). After 120 min., no significant difference
can be observed between the control group (93.3%) and

the infected group (87.5%).

Table (6) shows insignificant difference between
the killing index of the control and infected groups.
After 60 min. (the t value is 1.96 and the P value is
greater than 0.05), and after 120 min. (the .t value

is 0.26 and the P value is greater than 0.05).

II. Human group:

Table (13) shows a significant difference between
the killing index of the control and the early schis-
tosomal cases, after 60 min. the t value is 1.98 and
the P value is less than (0.05). A highly significant
difference between the control and the late schistosomal
cases can be demonstrated, (the t value is 4.6 and the
P value is less than 0.001). There is a significant
difference between the early and late schistosomal cases,

(the t value is 3.6 and the P value is less than 0.01).
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1

After 120 min. a significant difference between
the control and the éarly caées of schistosomiasis
can observed (the t value is 2.0 and the P value is less
than 0.01). A highly significant difference between the
control and the late schistosomal cases can observed,
(the t value is 7.06 énd.the P value is less than .001).
Also a highly significant difference is found between
the early and the late schistosecmal cases, (the t wvalue

is 5.15 and the P values is 0.001).

Table (14) Fig.(8) shows the difference in the killing

capacity between control and early cases, control and
late cases and the early and 1af¢ cases at a different

intervals.

After 60 min. there is unexpected decrease in the
killing capacity of the control group (27.5%) than that
of the early cases (50.7%). Also there is no significant
difference between the control (27.5%) and the late
schistosomal (22.4%). A highly significant difference
was found between the early (50,;7%) and the late

schistosomal cases (22,4%).

After 120 min. there is a significant difference

between the killing capacity of the control group (88.97%)
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and the early schistoéomal cases (69.3%). There is
also a highly significant difference between the con-
trol (88.9%) and the late cases (31.4%).' A highly
significant difference was found between the early

cases (69.3%) and the late cases (31.14%).
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Phagocytosis of Staphylococcus
aureus by PMN leukocytes of mice
groups. (Mean total:-viable bacterial
count at different incubation times).
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Intracellular killing of Staphylococcus aureus
by PMN leukocytes of mice groups.
{(Mean viable bacterial counts at different

incubation times).
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RESULTS OF PLAQUE FORMING CELL RESPONSE

I. Mice Group:

Figure (1) shows that the highest value of the
mean plaque forming cell response is in group I1IA,.

The lowest wvalue is in group IIIAZ.

There is a significant difference between the
control group (GI) and all other groups except 11144
and the IIIB1 where there is a highly significant di-

fference (the P value is less than 0.001).

A highly significant difference is found between
group III Aq and group III A2 {The P value is less
than 0.001). Also there is a highly significant diffe-
rence between group III Ay and group III Ag (The P

value is less than 0.001).

Figure (2) shows that the highest value of thel
mean plaque forming cell response is in mice injected
with sheep RBCs 5 days before dissection (Group II Non
infected group) followed by the group 111B, (infected
for 9-12 weeks) and injected with SRBCs, 5 days before

dissection. The lowest value of the mean plaque forming
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cell responses is in mice infected with S.mansoni for
G-12 weeks and injected with SRBCs 10 days before

dissection (Group III B3).

A highly significant difference between group II
and IIIA.L can also be observed (the P value is less

than 0.001).

Also a highly significant difference between

group IIIAA and IIIA (the P value is less than 0.001),

5»
as well as between group III By and IIIB2 (the P value
is less than 0.001) or between IIIB1 and IIIB3 (the P

value is less than 0.001).

So on statistical analysis, the differences in
the PFC response between the group II of mice injected
with Sheep RBCs (5 days before dissection) and the other
groups found to be highly significant, (the P value is

less than 0.001).

Table (9) shows the mean and stander deviation
of the number of plaque forming cells of different groups
of mice. The highest value was found in group II follo-
wed by group 111B, then group IIIA;; group IIIAA, group

IIIBl, group IIIB group IIIA3, group IIIAz, group IIIBZ,

5?
then lastly group I.
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II. Human Group:

Table (13), Figure (3) shows that there is a
marked significant difference between the control
group and the two other schistosomal groups (early
and late). Also there is a marked significant diffe-
rence between early and late cases (the t wvalue is

6.77 and P value is less than 0.001).



Table 1: The plaque forming cell response in 25 control
mice (neither injected with SRBCs nor infected

with cercariae (Group I).

Exp. No. The mean No. of PFC response/106 spleen
lymphocytes in the individual mouse tested

+ S.D.

Zero

Zero

Zexro

Zero

v 00 - Oy i W N
&

Zero

-
o

The mean No. of PFC/lO6 spleen lymphocytes of the

whole group was X = 1 and 8.D. + = 1.3/10° spleen

lymphocytes.
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Table 2: The plaque forming cell response in
25 mice injected with SRBCs and

dissected 5 days later (Group 11).

Exp.No. The mean No. of PFC re5ponse/106 spleen
lymphocytes in the individual mouse tested +S.D.

435
579
724
789
888
770
1080
1232

w o N oy~ Ww N

200
500

=t
o

The mean No of PFC/lO6 spleen lymphocytes of the whole
group was X = 724.7 and + S.D. = + 303.2/10% spleen

lymphocytes.



Table 3: The plaque forming cell response 4 days

after infection of 10 mice with
cercariae(Group IIIAl).

Exp.No. The mean No. of PFC response/lO6 spleen
lymphocytes in the individual mouse tested

+ S.D.

1 190
2 178
3 208
4 105
5 50

The mean No. of PFC/lO6 spleen lymphocytes of the
whole group was X = 146.2,5.D. + = 66.5/10§ spleen

lymphocytes.

The group was tested for the presence of worms

in 1liver and mesentry, the results was negative.
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Table 4 : The plaque forming'cell response

7 days after infection of 10 mice

with cercariae (Group III Az).

Exp. No. The mean No. of PFC response/lO6 spleen

lymphocytes in the individual mouse tested

+ S.D.
1 Zero
2 Zero
3 1
4 Zero
5 Zero

The mean No. of PFC/lO6 spleen lymphocytes of the
whole groupwas X 0.2 and S.D. = + 0.4/106 spleen lymphocytes,

The group was tested for the presence of worms

in liver and mesentry, the result was negative.
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Table 5: The plaque forming cell responseone month after

infection of 10 mice with cercariae
(Group III A3).

Exp.No.

The mean No. of PFC/lO6 spleen lymphocytes in
the individual mouse tested + S5.D.

L - I N

|+

I+

= N W» o
[+ |+

|+

Exp.

Exp.

Exp.

Exp.

Exp.

No.
No.
No.
No.
No.

o

The mean No. of PFC/10" spleen lymphocytes of the
whole group was 2.8 and 3.D., + 2 /106 spleen
lymphocytes.

The group was tested for the presence of worms in
liver and mesentry, the following results were

obtained.
1= 2 & + 1 9  immature worms
2= 3 %+ 2 "
3= 1 g + 2 7 "
4= 3 7+ 1% "
5= 2 o+ -9 "



: Table 6 a
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The plaque forming cell response in

10 mice infected with cercariae for

one month and injected with 2 X 10
SRBCs 5 days before dissection.

(Group III A

Exp.No.

The mean No. of PFC/lO6 spleen lymphocytes in
the individual mouse tested + 5.D.

i 5 W N

146
73
83
50

115

Exp.

The mean No. of PFC llO6 spleen lymphocytes of
the whole group = 93.4 and S.D. + 37.5/106 spleen
lymphocytes. '

The group was examined for the presence of wormsin
liver and mesentry the following results were obtained.

No.
No.
No.
No.

No.

o~ Ww e

= 3
= 3

2
= 1
1

immature o

(%]

i

g

7
&
s

+

+

1 immature %
1 " (i
[+ ]
+

2 w
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Table 6 b : The plagque forming cell response in
10 mice infected with cercariae

for one month and injected with 2X10
SRBCs 10 days before dissection.

(Group III As).

Exp.No. The mean No. of PFC/lO6 spleen lymphocytes in
individual mouse tested + S.D,

1 10
2 25
3 16
4 30
3 5

- The mean No. of PFC/lO6 spleen lymphocytes of the whole
group was 17.2 and 5.D. + 10.3/106 spleen lymphocytes.

- The decrease in number of the plaque means that the
initial stimulation was due to the antigenic stimulation
of the SRBCs (i.e.) the immune system in infected mice
is still working for antigens other than the schisto-

somal antigens.
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Table 7 : The plaque forming cell response in 15 mice

infected with cercariae for %-12 weeks

(Group I11 Bl)'

Exp.No. The mean No. of PFC/lO6 spleen lymphocytes in
the individual mouse tested 8.D. +

25
40

1
50

Zero

S U W N

Zero

9-12 weeks after infection of Swiss albino mice with S.
mansoni cercariae, the plaque assay gave a mean No. of
Ab forming cells c£19.3 and S.D. + = 22.2/106 spleen
lymphocytes.

The group was examined for the presence of worm in
liver and mesentry the following results were obtained:

Exp. No. 1 = 2 mature % and 1 mature o7
No. 2 = 3 mature § and 2 mature o
No. 3 = - and 2 mature e
No. 4 = 3 mature ¢ and 2 mature g7
No. 5 = 2 mature g and -ve e
No. 6 = 1 mature § and 2 mature 7’

The microscopic field in all experiment was full of

Sch.mansoni eggs.
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Table 8 a: The plague forming cell response in
30 mice infected with Sch.mansoni
for 9-12 weeks and injected 5 days

before dissection with 2 X 108 sheep
red cells. (Group III1 Bz)

Exp.No. The mean No. of PFC/10° spleen lymphocytes
in individual mouse tested + 5.D.

1 250
2 340
3 80
4 550
5 290
6 78
7 293
8 56
9 98
10 42

The mean No. of PFC/lO6 spleen lymphocytes of the
whole group was 207.7 S.D. + 165.3
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Table 8 b : The plaque forming cell response in
15 mice infected with Sch.mansoni

for 9-12 weeks and injected 10
days before dissection with 2 X 108
sheep red cells (Group III Bjy)

Exp. No. The mean No. of PFC/lO6 spleen lymphocytes
in individual mouse tested.

1 Zero
2 4
3 1
4 Zero
5 3

The mean No. of PFC/].O6 spleen lymphocytes of

the whole group was 1.6 and S.D. + 1.8.

This table illustrated that the No. of the PFC
decreased greatly reaching the original position; this
means that the elevation in number is due to SRBCs

stimulation it indicats that the immune system is still

working.
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Table 9 : A comparison between the plaque cell
response different groups of mice.
.of. mice Groups of mice Mean + S.D.
25 Group I = Contreol group:
Mice neither infected 1.0+ 1.3

with S.mansoni not injected
with sheep RBCs

25 Group II= Control group: ‘
Mice injected with 724 .7+303.2
sheep RBCs.

GrouplIl= Infected group:

10 Mice infected with 146.2466.5
Al = cercariae and dissected

after 4 days.

10 A2 = Mice infected and 0.2 + 0.4
dissected after 7days.

10 A3 = Mice infected for one 2.8 + 2.0
month.

10 A4 = Mice infected for one 93.4 + 37.5

month and injected with
sheep RBCs 5 days
before :dissection

10 A5 = Mice infected for one 17.2+410.3
month and injected -
with sheep RBCs 10
days before dissection

15 Bl = Mice infected for 19.3 + 22.2
9-12 weeks.
15 B2 = Mice infected for 207.7+165.3

9-12 weeks and
injected with sheep
RBCs 5 days before

dissection

15 B3 = Mice infected for 1.6 + 1.8
9-12 weeks and
injected with sheep i .

RBCs 10 days before
dissection
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Table 10 The plaque forming cell response in
20healthy human controls.

Exp.No. The mean No. of PFC/lO6 blood lymphocytes in
the individual human tested + S.D.

1 98
2 72
3 60
4 88
5 62
6 91
7 200
8 115
9 300
10 60
11 63
12 67
13 82
14 320
15 120
16 205
17 117
18 100
19 50
20 81

The mean No. of PFC/10° lymphocytes of the whole group was
118 and S.D. + = 77.6.
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Table 11 . The plaque forming cell response
in 15 humans infected with
Sch.mansoni (Early stage)

Exp. No. The mean No. of PFC/lO6 blood lymphocytes in |
the individual human tested + 8.0,

1 80
2 20
3 23
4 100
5 60
6 76
7 36
8 25
9 23
10 50
11 45
12 29
13 40
14 66
15 29

The mean No. of PFC/IO6 lymphocytes of the whole group
was 48.9 and S.D. + = 23,7,
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Table 12 : The plaque forming cell response
in 15 humans infected with Sch.mansoni
(Late stage).

Exp.No. The mean No. of PFC/lO6 blood lymphocytes in
the individual human tested + S.D.

1 4

2 19

3 Zero
4 12

5 24

6 6

7 Zero
8 Zero
9 Zero
10 2
11 1
12 Zero
13 9
14 5
15 Zero

The mean No. of PFC/IO6 lymphocytes of the whole group

was 5.4 and §$.D. + = 7.5
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Mean and S.D. + of PFC.
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Mean and S.D.+ values of plaque forming cell response among
different groups of mice.

150 1 X146.2
[
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130 4
120,
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. GI GIIL Aq GLIL A, GITI Aq GILI B,
Fig.l: Groups.

GL = PFC resnonse of control mice.
GIITA,= TFC resporea /i days after infection.

1
GILIA,= PFC response 7 days after infection.

GIIIA3= PFC response one month after infection
GIIIB,= PFC response 9-12 weeks after infection.
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Mean and S.D. * values of plaque forming cell responseof
different groups of mice challenged with sheep R.BCs.

800
700
600
500
400

300 .

200

100
90
80

70
60

30
40

Mean and S.D. + of PFC.

30
20

10
2
1

Fig.2
GITI =

GIITIA4=

GIIIAS=
GIIIB2=
GIIIB3=

+724.7
—
) Mean
g4 +5.D.
+303.2
_ X207 .7
V, +165
X 93.4
+37.5
x 17.2
+10.3
T X1.6  +1.8
GII GIII A4  GIII A5 GIII B2 GIII B3
Groups

PFC response in mice immunized with sheep R.B.Cs

5 days before dissection. '

PFC response in mice infected with S.mansoni for

one month and injected with sheep R.B.Cs 5 days
before dissection.

PFC response in infected mice for one month and
injected with sheep R.B.Cs 10 days before dissection.
PFC response in infected mice for 9-12 weeks and
injected with sheep R.B.Cs. 5 days before dissection.
PFC response in infected mice for 9-12 weeks and
injected with sheep R.B.Cs 10 days before dissection.
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Mean and S5.D. + values of plaque forming cell
response among different human groups.

_ [] Mean
" 120) %118 o+ 5.
110 [ ]
- 100
90
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Fig. 3: A comparison between the PFC of different

human groups.
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