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This study was designed to see whether alterations occur in peripheral blood mononuclear cell phenotype
and function in children with Shigella dysenteriae 1 infection with complications (leukemoid reaction and/or
hemolytic-uremic syndrome) and whether there are any alterations prior to the development of complications.
The following groups of children (ages, 12 to 60 months) were compared: children without any infection (n 5
51), children with uncomplicated shigellosis (n 5 65), children admitted with complicated shigellosis (leuke-
moid reaction and/or hemolytic-uremic syndrome) (n 5 29), and children with shigellosis who developed
complications after enrollment (subsequently complicated shigellosis) (n 5 12). Tests for the peripheral blood
mononuclear cell phenotype (CD3, CD4, CD8, CD16, CD20, and CD25), spontaneous proliferation, and the
proliferative response to phytohemagglutinin, pokeweed mitogen, and the lipopolysaccharide of S. dysenteriae
1 were performed, as were skin tests for delayed-type hypersensitivity (DTH). Children who subsequently
developed complications differed from other groups of children as follows: (i) the numbers of CD31 and CD41

cells were lower than in uninfected children (P < 0.05), (ii) the CD4/CD8 ratio was lower than in children with
uncomplicated shigellosis (P < 0.05) and in uninfected children (P < 0.05), and (iii) the levels of spontaneous
proliferation of peripheral blood mononuclear cells were higher and DTH responses were lower than those in
children with uncomplicated shigellosis (P < 0.05 and P < 0.017, respectively). Children with complications
differed by having (i) increased numbers of CD32 CD162 CD202 cells (P< 0.05) compared with those in other
groups of children and (ii) lower CD4/CD8 ratios (P < 0.05), higher levels of spontaneous proliferation (P <
0.05), and lower DTH responses (P 5 0.005) than children with uncomplicated shigellosis. Three to five days
after enrollment, the number of CD41 cells increased in children who subsequently developed complications
(P 5 0.025), i.e., when they developed complications and at this time their CD41 cell number was similar to
that of other groups of children. Thus, lymphocyte phenotype and function are altered prior to the development
of complications in children with shigellosis, and once complications develop, the pattern of alterations
changes. Whether these alterations have a role in precipitating complications or whether they reflect early
events underlying the development of complications remains to be elucidated.

Protection from shigellosis appears to be mediated by anti-
bodies specific to Shigella antigens (5, 6) as well as by Shigella-
specific T cells. The evidence for the involvement of T cells is
provided by patients with AIDS in whom illness with shigellosis
is very severe (2, 10), by the increased numbers of CD41 and
CD81 cells in the guts of adults with shigellosis (13), and by the
generation of a Shigella-specific T-cell clone from the periph-
eral blood of a patient with reactive arthritis (21). Infection
with Shigella dysenteriae 1 in children under 5 years of age can
lead to life-threatening complications, such as a leukemoid
reaction (blood leukocyte count of $40,000/ml, granulocytosis,
and an increase in immature granulocytes) (4) and hemolytic-
uremic syndrome (HUS) (hemolytic anemia, thrombocytope-
nia, and acute renal failure) (12). Although a leukemoid reac-
tion is not serious in itself, its presence is a bad prognostic
indicator (17). The factors precipitating these complications
are not well understood.
Children with leukemoid reactions in shigellosis have been

shown to have more peripheral blood mononuclear cells
(PBMs) that are neither E rosette positive (T cells) nor EAC

rosette positive (B cells) (9). Addition of thymopoietin to these
cells results in an increase in the numbers of E rosette-positive
cells in some of these children, suggesting a block in matura-
tion of T cells (8). However, the overall numbers of T and B
cells are normal in those children. It therefore remains unclear
whether there are alterations in lymphocyte populations in
children with complicated shigellosis (CS), and if there are,
whether those alterations are a consequence of the complica-
tions or whether they predispose the children to the compli-
cations. We therefore designed a study to determine lympho-
cyte phenotype and function in children with shigellosis who
develop leukemoid reactions and/or HUS compared with those
in uninfected children, children with shigellosis in whom these
complications had already developed, and children with shig-
ellosis who never develop them.

MATERIALS AND METHODS

Study population. Children 12 to 60 months of age attending the Clinical
Research and Service Centre of the International Centre for Diarrhoeal Disease
Research, Bangladesh (ICDDR,B), with acute dysentery (visible blood in stool
and presence or absence of fever) were initially enrolled in the study. Stools were
examined microscopically and cultured for enteric bacteria (19). Only children
who were culture positive for Shigella organisms were included in the study.
Informed consent was obtained from the guardian(s) of each child before en-
rollment, and the study was approved by the Ethical Review Committee of the
ICDDR,B.
Patients were clinically evaluated by their medical history, daily physical ex-
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amination, and laboratory investigations which included determination of he-
matocrit; total and differential counts of leukocytes (WBCs), platelets, and frag-
mented erythrocytes (RBCs); and serum electrolyte and creatinine concentrations.
All patients were treated with pivmecillinam or ciprofloxacin. Some children
received additional antibiotics because of the presence of concomitant infections,
such as respiratory tract infection, middle ear infection, or septicemia. Children
matched for age and without any infection attending the Nutritional Follow-Up
Unit of ICDDR,B were also enrolled. Of the 157 children who were enrolled in
the study, 106 had S. dysenteriae 1 infection and 51 were children with no
infection (NI) at the time of enrollment. Children with S. dysenteriae 1 infection
were divided into three groups: those who had HUS or leukemoid reactions upon
enrollment (complicated shigellosis [CS]; n 5 29), those who developed leuke-
moid reactions and/or HUS following enrollment (subsequently complicated
shigellosis [SCS]; n 5 12), and those who had no such complications (uncom-
plicated shigellosis [US]; n5 65). In children with SCS, complications developed
from 1 to 6 days after enrollment (mean, 2.8 days). As the number of PBMs
varied among the children, not all assays could be done for all children.
Venous blood (5 ml) was collected aseptically in sterile, heparinized Vacu-

tainer tubes (Becton Dickinson, Rutherford, N.J.). Blood was collected from
patients upon enrollment and 3 to 5 days later, except from those who had
received blood transfusions or were transferred to other hospitals in the interim
period. A single sample of blood was collected from each uninfected child.
PBM separation. Fresh blood was separated on Ficoll-Hypaque (Pharmacia,

Uppsala, Sweden) by centrifugation at 500 3 g for 25 min. PBMs which formed
a band at the interface were collected, washed, and counted.
Phenotypes of PBMs. Phenotyping of PBMs was done by indirect immunoflu-

orescence for CD3, CD4, CD8, CD16, CD20, CD25, and leukocyte common
antigen (CD45) by using the monoclonal antibodies UCHT1 (anti-CD3),
QS4120 (anti-CD4), UCHT4 (anti-CD8), HNK1 (anti-CD16), and 2D1 (anti-
CD45) (gifts of P. C. L. Beverley, Tumor Immunology Group, Imperial Cancer
Research Fund, London, United Kingdom); B1 (Coulter Immunology, Hialeah,
Fla.) (anti-CD20); and anti-CD25 (interleukin 2R) (Dakopatts, Glostrup, Den-
mark). B1 and anti-CD25 were used at dilutions of 1:5 in minimal essential
medium with 2% fetal bovine serum (FBS) (GIBCO, Grand Island, N.Y.); the
other monoclonal antibodies were not diluted. A positive control monoclonal
antibody (2DI) and a negative control of medium alone (minimal essential
medium plus 2% FBS) were used in all assays. Briefly, 3 3 105 PBMs were
incubated with each monoclonal antibody for 30 min at 48C, washed three times,
and then incubated with fluorescein isothiocyanate-conjugated goat anti-mouse
immunoglobulin (Dakopatts) at a dilution of 1:40 in minimal essential medium
with 2% FBS for 30 min at 48C. The cells were then washed three times and fixed
by using phosphate-buffered saline (10 mM, pH 7.2) with 2% FBS and 1%
formaldehyde. The cells were analyzed within 3 days of being fixed by using a UV
microscope (BH-2; Olympus) with a 403 objective; at least 100 cells were
counted.
Proliferation assays. The proliferative response of PBMs was assessed with

resting cells, for which spontaneous DNA synthesis was measured, and with cells
stimulated with mitogens or antigens for several days. In all cases, PBMs were
cultured at 5 3 105/ml of RPMI 1640 (GIBCO) supplemented with 10% FBS, 2
mM glutamine (Flow Laboratories, Rickmansworth, Herts, United Kingdom), 50
IU of penicillin (Flow), and 50 mg of streptomycin (Flow) per ml in 96-well
U-bottomed microtiter plates (Flow) and incubated in a humidified atmosphere
containing 5% CO2. All cultures were done in triplicate.
For spontaneous DNA synthesis, PBMs were incubated with 1 mCi of [3H]thy-

midine (Amersham International, Aylesbury, United Kingdom) per well of a
microtiter plate (Flow) for 3 h. The cells were then harvested onto glass fiber
filter strips with a cell harvester (Automash 2000; Dynatech, Billingshurst, Sus-
sex, United Kingdom). The amount of [3H]thymidine incorporated was deter-
mined as counts per minute by liquid scintillation counting in a beta counter
(Beckman Instruments Inc., Fullerton, Calif.).
For the proliferative response to mitogens and antigens, PBMs were cultured

with medium alone, phytohemagglutinin (PHA) (Wellcome Diagnostics) at 1.25
mg/ml, pokeweed mitogen (PWM; Sigma) at 10 mg/ml, and the lipopolysaccha-
ride (LPS) of S. dysenteriae 1 (18). The LPS of S. dysenteriae 1 was used at
concentrations of 160 to 5 mg/ml at doubling dilutions in subsets of children from
all four study groups. As no proliferation was observed with LPS at any of the
concentrations used, a single concentration of 10 mg/ml was used in all experi-
ments. Cells were incubated for 3 days with PHA and for 5 days with other
stimulants. At the end of the incubation, the cells were pulsed with [3H]thymi-
dine at 1 mCi per well for 6 h; they were then harvested onto glass fiber filter
strips and counted in a beta counter. Results were expressed as net proliferation,
which was the difference between the mean counts per minute of cells with
stimulants and those without stimulants.
DTH responses. Delayed-type hypersensitivity (DTH) responses were mea-

sured by skin tests with the Multitest CMI kit (Pasteur Mérieux, Lyon, France),
whereby seven antigens and a glycerine control solution were introduced into the
skin of the paravertebral area of the back of each child and the induration was
measured at the end of 48 h. An induration of 2 mm or more was considered a
positive response. The antigens present in the kit included tetanus (550,000
Mérieux units per ml), diphtheria (1,100,000 Mérieux units per ml), streptococ-
cus (group C) (2,000 Mérieux units per ml), tuberculin (300,000 IU/ml), Candida

T
A
B
L
E
1.
C
lin
ic
al
ch
ar
ac
te
ri
st
ic
s
of
ch
ild
re
n
up
on
en
ro
llm
en
ta

St
ud
y

gr
ou
p

A
ge
,m
o

W
t
fo
r
ag
e,
%

of
th
e
N
C
H
Sb

m
ed
ia
n

N
o.
(%
)
M
al
e

D
ur
at
io
n
of
di
ar
rh
ea

be
fo
re
en
ro
ll-

m
en
t,
da
ys

St
oo
l

fr
eq
ue
nc
y/

24
h

N
o.
(%
)
w
ith
:

T
ot
al
W
B
C

co
un
t/m
l

of
bl
oo
d

%
L
ym
ph
o-

cy
te
s

T
ot
al
no
.o
f

ly
m
ph
oc
yt
es
/m
l

of
bl
oo
d

.
20
W
B
C
s/
H
PF

in
st
oo
lc

.
20
R
B
C
s/
H
PF

in
st
oo
ld

N
I

33
.9

6
15
.8

69
.7

6
10
.9

24
.0
(4
7.
1)

N
A
e

N
R
f

1.
0
(1
.9
)

0
11
,9
92

6
3,
46
7

55
.7

6
11
.7

6,
60
7

6
2,
25
7

U
S

32
.1

6
13
.5

65
.6

6
11
.7

35
.0
(5
3.
8)

8.
0

6
5.
2

24
.3

6
16
.0

57
.0
(9
3.
4)

43
.0
(6
9.
4)

17
,8
52

6
7,
85
9

41
.9

6
16
.7

6,
94
4

6
2,
72
0

SC
S

31
.1

6
15
.5

73
.3

6
8.
8

7.
0
(5
8.
3)

5.
7

6
1.
8

27
.2

6
21
.2

7.
0
(5
8.
3)

5.
0
(4
1.
7)

25
,3
93

6
7,
94
3

22
.4

6
13
.5

6,
17
5

6
4,
37
0

C
S

26
.9

6
11
.6
(N
Sg
)

69
.7

6
11
.9
(N
S)

18
.0
(6
2.
1)
(N
S)

8.
2

6
4.
1
(N
S)

23
.0

6
15
.2
(N
S)

19
.0
(6
7.
9)

7.
0
(2
5.
0)

43
,5
67

6
19
,1
50

28
.1

6
14
.4

10
,4
75

6
5,
57
6

(P
,
0.
00
1)

(P
5
0.
00
2)

(P
,
0.
00
1)

(P
,
0.
00
1)

(P
5
0.
00
5)

a
A
ll
va
lu
es
ar
e
m
ea
ns

6
SD
s
un
le
ss
ot
he
rw
is
e
st
at
ed
.T
he
K
ru
sk
al
-W
al
lis
or
ch
i-s
qu
ar
e
te
st
w
as
us
ed
to
de
te
rm
in
e
th
e
di
ffe
re
nc
es
in
re
su
lts
fo
r

$
3
gr
ou
ps
of
ch
ild
re
n;
th
e
di
ffe
re
nc
es
ar
e
in
pa
re
nt
he
se
s.

b
N
C
H
S,
N
at
io
na
lC
en
te
r
fo
r
H
ea
lth
St
at
is
tic
s.

c
W
B
C
co
un
ts
of

.
20
pe
r
H
PF
ar
e
co
ns
id
er
ed
in
di
ca
tiv
e
of
in
fla
m
m
at
io
n.

d
R
B
C
co
un
ts
of

.
20
pe
r
H
PF
ar
e
co
ns
id
er
ed
in
di
ca
tiv
e
of
in
fla
m
m
at
io
n.

e
N
A
,n
ot
ap
pl
ic
ab
le
.

f
N
R
,n
ot
re
le
va
nt
.

g
N
S,
no
t
si
gn
ifi
ca
nt
.

192 AZIM ET AL. CLIN. DIAGN. LAB. IMMUNOL.



albicans (2,000 Mérieux units per ml), Trichophyton mentagrophytes (150 Mérieux
units per ml), and Proteus mirabilis (150 Mérieux units per ml) antigens.
Statistical analyses. For continuous, nonparametric data, the Mann-Whitney

U test was used for comparison of two groups and the Kruskal-Wallis test was
used for comparison of three or more groups. When significant differences were
recorded with the Kruskal-Wallis test, the Dunn test was used to assess the
significance of differences between any two groups. For comparisons between
proportions, the chi-square statistic was used. Differences of paired samples from
the two study periods were assessed by the Wilcoxon matched-pair signed-rank
test (for continuous variables) and the McNemar test (for categorical variables).
Multiple-regression analysis was carried out to see the effects of nutritional
status, sex, concomitant infection, and duration of diarrhea on lymphocyte phe-
notype and function. Differences were considered significant when the P value
was# 0.05. Data analyses were carried out with the Statistical Package for Social
Sciences (version 6.0 for Windows; SPSS Inc., Chicago, Ill.) and SigmaStat
(version 1.0 for Windows; Jandel Scientific, San Rafael, Calif.).

RESULTS

Study groups. Table 1 shows the clinical characteristics of
the children upon enrollment. Children of all four groups were
comparable for age, nutritional status (as determined by
weight for age as a percentage of the National Center for

Health Statistics median), and sex. The three groups of chil-
dren with shigellosis had similar durations of diarrhea before
enrollment and similar stool frequencies in 24 h upon enroll-
ment. Total WBC counts (103/ml of blood) were higher in
children with shigellosis (whether US, SCS, or CS) than in
children with NI (P , 0.05 for all comparisons). The percent-
age of lymphocytes was lower in children with shigellosis (US,
SCS, or CS) than in children with NI (P , 0.05 for all three).
Children with CS had more WBCs than those with US (P ,
0.05), a lower percentage of lymphocytes than children with
US (P , 0.05), but higher numbers of lymphocytes than all
other groups of children (P , 0.05 for all three). Lymphocyte
numbers were similar in children with NI, US, and SCS (Table
1). The numbers of children with.20 WBCs per high-powered
microscopic field (HPF) and.20 RBCs per HPF of stool were
greater among children with shigellosis (whether US, SCS, or
CS) than among children with NI (P , 0.001 and P 5 0.002,
respectively) (Table 1).
Phenotypes of PBMs. Upon enrollment, the four groups of

children had significantly different numbers of CD31 and

FIG. 1. Lymphocyte phenotype, upon enrollment, in children with NI (N), US (U), CS (C), and SCS (SC). Values are medians, and error bars represent SDs.
Comparisons between the four study groups were done by the Kruskal-Wallis test; when the differences were significant by this test, this test was followed by the Dunn
test for comparison of any two groups. P values are shown only for significant differences.
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CD41 cells (P 5 0.043 and 0.010, respectively) (Fig. 1). The
numbers of CD31 and CD41 cells were both lower in children
with SCS than in those with NI (P, 0.05); they were similar to
those of other groups of children (Fig. 1). The numbers of
CD81, CD161, CD201, and CD251 cells were similar in all
four groups of children. The CD4/CD8 ratio was significantly
lower in children with SCS (median, 1.0; standard deviation
[SD], 0.4) and CS (median, 1.1; SD, 1.1) than in children with
US (median, 1.6; SD, 0.9) or NI (median, 1.8; SD, 1.0) (P ,
0.05 for all comparisons). The ratios were similar in children
with SCS and CS and children with US and NI. Children with
CS had more cells that were negative for CD3, CD16, or CD20
than children in the other three groups (P , 0.05 for all
comparisons) (Fig. 1).
Comparison of paired samples between the day of enroll-

ment (day 0) and 3 to 5 days later (Table 2) showed that the
numbers of CD31 and CD41 cells increased in children with
SCS (P 5 0.017 and 0.025, respectively). Although the CD81

cell numbers also increased, the difference was not statistically
significant. The phenotype was unchanged between the two
study periods in children with US and CS (Table 2). The
CD4/CD8 ratios were unchanged between the day of enroll-
ment and 3 to 5 days later in all four groups of children (data
not shown). There were not enough paired samples for com-
parison of CD161 and CD32 CD162 CD202 cells between the
two study periods in children with SCS and CS.
Spontaneous DNA synthesis. DNA synthesis by unstimu-

lated PBMs of children with shigellosis, whether US, CS, or
SCS, upon enrollment was higher than that by PBMs of chil-
dren with NI (P , 0.05) (Table 3). The level of proliferation
was higher in children with SCS and CS than in those with US
(P , 0.05 for both comparisons), and the levels were similar in
children with SCS and CS.
Three to five days after enrollment (Table 2), spontaneous

DNA synthesis by PBMs in children with US and CS declined
significantly from the day of enrollment (P 5 0.001 and 0.011,
respectively). It remained unchanged in children with SCS.
Proliferation of PBMs in response to stimulants. Upon en-

rollment, the levels of net proliferation of PBMs in response to
PHA and PWM were similar in all four groups of children
(Table 3). No stimulation with the LPS of S. dysenteriae 1 was
observed in any of the groups of children (data not shown).
Three to five days after enrollment, the PHA responses were

similar to that upon enrollment for all four groups of children
(Table 2). With PWM (Table 2), there was a decline in net
proliferation between the two study periods in children with
US (P 5 0.011); there were not enough paired samples for
comparison in children with CS or SCS.
DTH responses. Skin test results for DTH upon enrollment

were significantly lower in children with shigellosis (whether
US, CS, or SCS) than in those with NI (Table 4). Responses in
children with CS and SCS were diminished compared with the
responses of children with US (P 5 0.005 and 0.017, respec-
tively). However, children with CS and SCS had similar re-
sponses. Three to five days after enrollment, DTH responses
were unchanged in children with US and CS (data not shown).
There were not enough paired samples for comparison be-
tween the two study periods in children with SCS.
Effects of clinical parameters on lymphocyte phenotype and

function. Multiple-regression analyses showed that PBM phe-
notype and function were not affected by sex, nutritional status,
concomitant infections, or duration of diarrhea before enroll-
ment.
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DISCUSSION

Several alterations in lymphocyte phenotype and function in
children with S. dysenteriae 1 infection were identified in this
study; these alterations are summarized in Table 5. Alterations
in children with SCS and CS can be seen as a continuum, but
those in children with US cannot, as those children do not
develop complications. Alterations seen in children with US—
increased spontaneous proliferation of resting cells and de-
creased DTH responses—are magnified in children with SCS
and CS. Additionally, in SCS, the numbers of CD31 and CD41

cells and the CD4/CD8 ratio are decreased, whereas in CS, CD41

cell numbers are unchanged but the CD4/CD8 ratio is decreased
and the numbers of CD32 CD162 CD202 cells are increased.
Thus, alterations in lymphocyte phenotype and function do occur
prior to the development of complications and a change in the
pattern of alterations occurs as children progress from SCS to CS.
The possible causes for these alterations are discussed below.
Lower numbers of CD31 and CD41 cells with lowering of

the CD4/CD8 ratio found in the circulation of children with
SCS could be due to (i) loss through the inflamed gut, (ii)
maturation block in the thymus (8), and (iii) migration to local
sites of inflammation. Shigellosis is a protein-losing enteropa-
thy in which stool RBCs have been shown to correlate with
stool a1 antitrypsin (an indicator of loss of protein from the
gut) (3). In children with SCS the numbers of stool RBCS and
stool WBCs and stool frequency (all indicators of gut inflam-
mation) were higher than in children with NI, and therefore it
is possible that lowered CD31 and CD41 cell numbers are due
to leakage through the inflamed mucosa. However, these in-
dicators of gut inflammation are also elevated in children with
US, but the numbers of CD31 and CD41 cells were not low-
ered in this group of children. Therefore, loss through the
inflamed mucosa is unlikely to be the only factor responsible
for the lowered cell numbers. The second possibility of matu-
ration block of T cells in the thymus appears to be unlikely, as
both CD31 and CD41 cell numbers increased significantly 3 to
5 days after enrollment in children with SCS; CD81 cells also
increased in number, although the increase was not statistically
significant. In children with CS, the numbers of T cells and
their subsets were not decreased; however, the numbers of
CD32 CD162 CD202 cells were increased. Jackson and Za-
man (8) also found increased numbers of cells which were E
negative and EAC negative, which they suggested was due to a
block in thymic maturation because upon addition of thymo-
poietin, the cells became E positive. However, this could also
be a stress response. The source of the CD32 CD162 CD202

cells in our study is not clear. It is possible that these are
immature or stem cells which have poured out into the circu-
lation as overall lymphocyte numbers increased. The third pos-
sibility of migration to local sites, i.e., to the gut, therefore
remains the most likely explanation, and similar migration has
been shown to occur in acute appendicitis (16). However, it is

unclear why a selective migration of CD31 and CD41 cells
should take place, although this has also been shown to occur
in other conditions such as appendicitis (16) and intestinal
lymphangiectasia (20). Further analyses of subsets of CD41

cells (naive and memory cells) would shed more light on the
nature of cells that are lost from the circulation, by either
leakage through the gut or migration to local sites.
This study also shows that a decreased CD4/CD8 ratio may

differentiate children with SCS from those with US. Alter-
ations in CD4/CD8 ratios reflect changes in either or both of
the CD4 and CD8 T-cell subsets. In children with SCS, de-
creased CD4/CD8 ratios on enrollment are due to the de-
creased number of CD41 cells in the circulation. Three to five
days after enrollment, i.e., once complications develop, the
CD4/CD8 ratio was still lower despite an increased CD41 cell
number. However, there was also a rise in the CD81 cell
number, although that was not statistically significant. Simi-
larly, the lower CD4/CD8 ratio in children with CS could be
due to greater numbers of CD81 cells (Fig. 1), although the
difference in numbers compared with those in other groups of
children was not statistically significant.
Increased spontaneous DNA synthesis reflects an increased

state of activation of circulating cells in vivo and also occurs in
other infections (1). Children with SCS and CS had more
preactivated PBMs than those with US. In vivo activation may
be due to circulating bacterial components, such as LPS, or
products of infection, such as cytokines. Children with HUS
associated with S. dysenteriae 1 infection have higher concen-
trations of endotoxin in serum than children with US (11).
Although the LPS of S. dysenteriae 1 did not induce prolifera-
tion of PBMs in this study, an earlier study showed modest
proliferation by the lipid-free O-antigenic polysaccharide of S.
dysenteriae 1 (14). In adults with US, the levels of both Th1 and
Th2 cytokines are elevated (15), and in children with CS, con-
centrations of interleukin 6 and tumor necrosis factor alpha in
serum are higher than in those with US (7). It is possible that
with complications, the levels of other cytokines, causing T-
and B-cell activation, are also elevated.

TABLE 3. Proliferation of PBMs spontaneously and in response to stimulants upon enrollmenta

Study group Amt of DNA spontaneously
synthesized, cpm

Net cpm of DNA synthesized in response to:

PHA (1.25 mg/ml) PWM (10 mg/ml)

NI 776 6 885 (n 5 51) 21,260 6 21,086 (n 5 41) 4,548 6 9,885 (n 5 31)
US 2,710 6 3,804 (n 5 65) 30,862 6 22,820 (n 5 62) 7,992 6 16,106 (n 5 51)
SCS 12,714 6 20,351 (n 5 12) 25,635 6 46,498 (n 5 10) 12,207 6 13,135 (n 5 10)
CS 8,694 6 7,824 (n 5 29; P , 0.001) 33,604 6 37,879 (n 5 28; NS) 10,071 6 11,980 (n 5 19; NSb)

a Values are medians6 SDs. The Kruskal-Wallis test was used to determine the differences in results for the four groups of children; the differences are at the bottom
of each column.
b NS, not significant.

TABLE 4. DTH responses upon enrollment

Study group

No. (%)a:

Negative for
all antigens

Positive for at least
one antigen

NI 12 (25.0) 36 (75.0)
US 29 (51.8) 27 (48.2)
SCS 7 (100.0) 0
CS 16 (88.9) 2 (11.1)

a P values obtained by using the chi-square statistic: for children with NI and
US, 0.006; for children with US and CS, 0.005; for children with US and SCS,
0.017; and for children with CS and SCS, not significant.
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Lowered DTH responses were observed in all groups of
children but were more marked in children with shigellosis.
Uninfected children were nutritionally similar to children with
shigellosis i.e., they were malnourished, which may be the
reason for the anergy observed. In children with shigellosis
(US, SCS, or CS), lowered DTH responses paralleled in-
creased resting DNA synthesis by PBMs. The in vivo preacti-
vated state of lymphocytes may be a reason for lowered DTH
responses in those children.
In summary, alterations in PBM phenotype and function

prior to the development of leukemoid reactions and HUS are
identifiable in children with S. dysenteriae 1 infection. These
alterations may have a role in precipitating complications, or
they may reflect events that are already underway in the de-
velopment of complications.
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TABLE 5. Summary of alterations in lymphocyte phenotype and
function in children with shigellosis upon enrollment

Type of
shigel-
losis

Differencea in:

CD31

cell no.
CD41

cell no.
CD4/CD8
ratio

No. of CD32

CD162

CD202 cells

Spontan-
eous DNA
synthesis

DTH
response

US B A
SCS A A C D C
CS C E D C

a A and B, significant decrease and increase, respectively, compared with result
for children with NI. C and D, significant decrease and increase, respectively,
compared with result for children with US or NI; E, significant increase com-
pared with result for children with SCS or US.
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