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2) Identification of possible alterations in
granulocyte and lymphocyte responses in children

-with leukemoid reaction arising from shigellosis.
SIGNIFICANCE

A systematic study of the Lmmune reﬁpomge of children
with shigellosis may identify cellular immunological
changes that predict complications as well as provide
insights 1into the immunopathogenesis of these

conditions.

ETHICAL IMPLICATION

The following children will be studied:

“Age of
Disease No. of patients Source of
condition patients {yrs) Samples patients
Uncomplicated P.biood ICDDR,B
shigellosis 150 1-5 Stool :
Saliva .
Complications F.blood ICDDR.B o
of : 30 1-5 Stool
shigellosis : Saliva
Malnutrition P.blood Possibly from
30 i-5 Stool Save the
Saliva Children Fund.
Shishu Hospital
Controls ! P.blood Possibly from
IO 1-5 5tool Pongu Hospital
Saliva
#P.blood = peripheral blood
z
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The required sample, n, for estimating different
immunological parameters for each of the groups has been obtained

using the following equation:

Where '2a is the value of normal variate for which the estimated
value will'be within *e of the population value with'a
probability of (1~2aj. We have considered the variances of
different immunological markers and found that a sample size of
30 i1s sufficient to limit the error within 20% of the population

parameter with 25% confidence level.

From each of fhese children stool and saliva samples will be
collected and peripheral blood will be obtained by venepuncture.
Delayed type hypersensitivity (DTH) will alsc be tested on the

forearm of all children.

Children (1-5 yrs) with'complaints of dysentsiry and with a
stool microscopy showing >20 leucocytes/HPF will initially be
enrolled in the study. We will include one hundred and fifty

children with culture confirmed &. dovsenteriae 1. It 1

[3)]

difficult to estimate the number of patients infected with

&. dwvsenteriae 1, however, from the ongoing studvy of Bennish

4
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et al.. 1t has been estimated that approximately 367 of children
with a presumptive diagnosis of shigellosis will have to be
enrolled initially to obtain 150 children infected with
5. Jdvsenteriae 1. Also from the same study, it has b@@n
calculated that 18% of children infected with 5. a@went&riée i
develop leukemoid reaction. Enrollment of 150 children with
shigellosis will allow us to study approximately Z0 children wWith
leukemoid reaction. However, as these numbers can be very
variable., we may have to enroll more children for the study to

obtain 30 with leukemoid reaction.

Upto 5 mls of bleocod will be drawn from children infected
with'S. dwsenteriag 1 approximately 24 hrs after admission, i.e.
on confirmation of .diagnosis. =sometime between days 3-5 after

admission and 14 days after discharge. Saliva and stool will

also\be collected on the same days. DTH will be tested during the

acute illness. Thus not more thanm 10 ml of blood will be
ocbtained from children in 1 week. Since most children in this
study will be 1-5 yrs old, their blood volume will be ovelr
400 mls. Therefore, drawing of 10 mls of blood in 1 week will be
harmless. Control children with malnutrition but without
infection will be selected by matching every case child with a
control child of the same weight for age within 5%. Control
children without malnutrition or infection (i.s. healthy
children}) will be selected by matching for age such that for
children <2 years control children will be within 2 months, and

for children >2 years, control children will be Within 4 months.
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Five mls of blood will be drawn oﬁce from these children. Ml

children will be assessed for malnutrition by anthropometry.

Children with shigellosis will be clinically evaluated by a

daily physical examination, measuremants of weight, Fluid, and

stool output. Patients will have a standard six-hourly
monitoring of rectal temperature, heart rate and blood pressure.
Microscopic examination for cellular elements in stool will be
carried ocut. The haemoglobin percentage and total and

differential leucocyte count will be measured in blood.

The study will not interfere with the management and
treatment of the children and none of these procedures will be
harmful to the children. A written consent will, however, be

obtained from the guardian.

10, BACKGROUND, RESEARCH PLAN AND BIBLIOGRAPHY

The immune system constitutes a major host defsnse mechanism

calong with the non-specific defense mechanisms which include the

skin, mucous membrane, the complement system, phagocytes and
soluble mediators such as interferon. A malfunction, whether é'
decrease or an alteration, results in disease as is seen in
certain hereditory conditions, e.g. chronic granulomatous disease
and certain acquired conditions, e.g. in infectons, autoimmune
disease. acquired immune deficiency syndrome (AIDS, lymphomas .
ete. fhe importance of the role of host defense mechanisms

cannot be overstated which emphasises the need for the assessment

1§
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of the immune status of patients especially those who are

suffering from chronic illness.

The Clinical Resea}ch Centre of ICDDR.B receives 150-300
patients daily and around 70,000 annuall& (Alaﬁ, 198¢).  The high
incidence of aiarrhoeal diseases in the community is often
associated with malnutrition, especially in children.
Shigellosis is a common cause of morbidity and mortality in
Banaladesh. Reports from Matlab reveal that the death rate from
shigellosis (5.6%) is twice that of diarrhoea from other causes

(2.8%) (Huda and Harris, 1986).°

The‘immune mechanisms against shigellosis are not well
understood. Thaere is evidence to suggest'that both cellular and
humoral defense mechanisms are involved in recovery fTrom
shigellosis. Thus, serum Immunoglobulins (Ig) of the A, G and M
isotypes to Shigella LPS 0 antigen (Cohen et al:, 128%) and to
8higa toxin have been detected. Iﬁ addition, secretory Iga
(sIgA) to Shigella antigens aré'present in faeces (Winsor &¢ ai.,
1988). saliva (Schultsz et al., ongoing work at the Centre),
intestinal - fluid (Keren et al., 1978) and breast milk (Cleary

et al., 198%).° However, it is not certain how thesze antibodies

rafford protection. One of the possible mechanisms of protection

may be the generation of antibody-dependent-cellular-cytotoxicity
{_DCC) . ADCC has been demonstrated using sera from infected
individuals by peripheral blood mononuclear cells (Lowell && al.,

1980; Morgan et al., 1%84) and by gut lymphocytaes 1n mics-
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(Tagliabue et al.. 1983, 1984); Although, ADCC may exblain
defense mechanisms onée the bacteria has penetrated the gut
mucosa. it does not explain how immune individuals. who still
have detectable levels of Shigella specific slgh are protected
'againsp reinfesction. Protection may also be provided by natural
killer cells as these cells exert cytotexicity against
B Fflexneri infected cells (Klimpel et al., 19536, 1988).
Initial stﬁdies on a T cell clone responsive to 5. Fflexneri
(Zwillich et ai1.. 1989} confirm that Shigejja specific helper
T cells are generated but‘it is not known whether the B cell
response is entirely T cell dependent or whether they can be
polyélonally activated by Shigella. Furthermore, little is known
about antigen présentation and the Eole of phagocoytes in

shigellosis.

Infection from Shigella can lead to a wide variety of
complications. Thus, patients may develop a éhronic illness with
associated malnutrition, shigellaemia., leukemoid reaction or
haemolytic uremic syndrome (HUS). The leukemoid réaction is
assoclated with a WBC count of 240,000/cu mm, granulccytosis and
an increase in immature neutrophils (Rahaman et &l. 1974: Butler

el al, 1984). HUS consists of a triad of haemolytic anaemia.

thrombocytopenia and acute renal failure which may be related to

the deposition of immune complexes (Koster et al, 1278).

However, the cause/causes for these severe syvstemic
complications is/are not known. It has besen postulated that
cytokines may be inveolved in these conditions. The research
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centre for the ICDDR;B has an on-going étudy on the role of
cytokines such as ILI alpha .and beta, tumour necrosis factor
{TNF) in the pathogenesis of shigellosis: .Although cytokines-may
bé involved in these "complications, 'their release may be
secondary to cellular dysfunction. Our study proposes to
investigate possible abnormalities in the cellulad immune
response prior to the onset of leukemoid reaction apd during
leukemoid reaction by answering the following questions:

i) Are there dysfunctional granulocytes in leukemoid reaction?

Granulocytes afe produced in the bone marrow from progenitor
cells which are pIQripotent stem cells. Pluripoteqt stem cells
differentiate into metamyelocyteé which mature into band forms
and sventually into funétioning granulocytes. This developmental
process is controlled by various haemopoietic féctors present in
the microenvironment of the bone marrow (Clark and Kamer, L1987).
The haemnopoietic factors include granulocyte-colony stimulating
factor (G-CSF), granulocyte—hacrophage-colony stimulating factor
(GM~CSF) and interleukin-3 (IL-3). Other factors such as IL-1,
IL-4 and tumour necrosis factor (TNF) also control haemopoiesis.
From the bone marrow mature granulocypes enter the circulation
and they are then available for defence against infection. For
optimal antibacterial activitf, neutrophils must first adhere to
endothelial cells; migrate through the blood vessels, engulf the

organisms and degranulate.
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The excessive numbers of granulocytes, especially immature
granulocytes; in leukemoid reaction suggest an inappropriate
stimulation of the bone marrﬁw the cause for which is not known.
It is possibie that in Childrah who develop leukemoid reaction

granulocytes do not function adequately with a resultant

¢

accumulation of bacteria. A greater bacterial load causes moré
tissue damage and more secretion of bacterial endotoxin and both
these factors enhance the release of IL-1 and TNF. IL-1 and TNF
stimulate GM-CSF production which stimulates the bone marrow thus
causing granulocytosis. Although GM-CSF stimulates
qifferentiation of - early progenitors, it induces margination of
mature granulocytes and inhibits their migration in vivo (Addison
et az.; 1989). Thus, lesukemoid reaction may occur because of
dysfunctional granulocytes which cause excessive GM-CSF release
leading.to enhanced production of granulocytes that are

functionally inept iIn vivo (shown below):

Dysfunctional granulocytes
)
Accumulation of bacteria
-y
JIL-1, TNF via endotoxin and inflammation

|

v
16M-CsF

| ' '

J

Y
Inappropriate bone marrow stimulation

|

v
“Granulocytosis
!
>yYGranulocyte migration, i.e.
dysfunctional granulocytes
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2)  Are there immature _T cells in leukemoid reaction?

#

Immature T cells emsrge frém the bone marrow and enter the
thymus where théy differentiate into mature T cells. Apout
95-99% bone marrow derived T cells undergo cell-death in the
thymus, the rest acquire T cell antigens such as the'T cell
receptor (TCR), CD2, ‘CD3, CDh4 and CDS. TCR+, CD3+, CD4+
(helper/suppressor—inddcer) and - TCR+, CD3+, CD8+
(suppres5or/cytptoxic) cells which are functionally competent
T cells leave the thymus and cifculaté to different areas of the
body. These matu?e T cells, on activation by antigen, release
soluble:factors thch‘activate other T cells and B cells.
Activated T ce;ls can-also provide B cell help and mediate
suppressor and cy%ptoxié activities. Thus, altered T cell
function can occur as a result of defects at several levels.
There may be defects in.lymphoid progenitors, i.e; in the bone
marrow, in tha ﬁhymus, in molecular events that regulate T cell
antigens or in the T cell ‘activation process. 1In patients with
leukemoid reaction from &. dyvsenterias 1 a proportion of
circuléting T cells are 1mmature as they do not express the CD2
antigen (Jackson &t al., 1979). However, CD2 expression can be
inducéd by t;ymopoietin suggesting "abnormalities in the bone
marrow or the thymﬁs. : jackson et al. (1979) hypothesize that
factors, such as endotoxin, raleased by . &. dvsenterias 1
adversely affgct the bone marfow or the thymus cahsing the

release of immature T cells. We intend to investigate the

10
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hypothesis further by characterising T cells wusing monoclonal ’
antibdies to CD3, CD4 and CDB8 and assessing their functional

response.to mitogens and antigens.
3) Are there functional B cells in leukemoid reaction?

Like T cells and granuioq?tes, B bells,are also produced in
the bone marrow. B cells differentiate fromrstem cells to cells
ihat express surface IgM (sIgM) which entar the circulation. On
exposure to antigen; §IQM+ 8 cells become activated, switch to
other Ig isotypes, pfoliferate and give rise either to memory
cells or Ig-secreting plasma cells. Activation of B cells by
antigen may be T-dependent or T-independent. In the former‘case,
antigen-specific B cells are activated by T cells themselves and
by interleukins secreted by T cells (IL-2, IL-4, IL-5 and IL-6).
Even when B cells are activated independently of T cells, i.e.
directly by antigen, B cells often require T cell factors. Thus,
altered B cell responses may be-dpe to defects in the
differentiation process occurring in the bone marrow or due to
alterations of T cell functions. Both these factors may operate

in leukemoid reaction from S. dysenteriae 1.

4) Does malnutrition contribute to the development of leukemoid

reaction?

_thrition has profound effects on immunity and in
malnutrition there is an overall suppression of the immune
response (Tables 1 and 2). When shigellosis is accompanied by

malnutrition, there is increased risk of development of a chronic

1i
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illness 1in cHildren (Keusch, 1982) and fatality 1in infants
(Streulens et al., 1985). However, there appears to be no
association between malnutrition and the development of leukemoid
reaction in shigellosis (Rahaman et al., 197%). This méy‘ be
because of the overall immgne suppression in malnutrition wh;ch

may not allow the development of a leukemoid reaction. On the

-

other hand, a decrease in granulocyte numbers has not been

reported in malnutrition although there is diminished granulocyte
funption. It -is; therefore, poésible that dysfunctional
granulocytes and reduced T cells in mélnutrition could predispose
to the development.of leukemoid reaction. We, therefore, intend
to examine the relatio%ship between malnutrition.aﬁd leukemoid

reaction in shigellosis by not only comparing immune responses of

children with and without leukemoid reaction, but also by
. assessing In wvitro thgellawspecific raesponses 0of granylocytes

~and lymphocytes from nutritionally matched children without

shigellosis
A detalled plan of study is given below.

Materials to be stuqied include:

1. Peripheral blood
II. Saliva and stool
III. Delayved type hypersensitivity will alszo be tested

I. Peripheral blood will be used for experiments on serum,

plasma, lymphocytes (mdhonuclaar cells) and granulocytes.

Upto 5 mls of peripheral blood will be reguired from

‘+
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children and this will be obtained by venepuncture. . In
those cases where less blood is obtained,‘some tests will

not ba carried out. The plan is shown below:

[
0



*PERIPHERAL BLOOD (5 ml maximum)

———> 1.0 ml in glass tubes for SERUH
to be used for:
1. Cs. Cy levels
2. putologous serum for use
in neutrophil icdination
3. Protein fraction estimation

Y
4 ml in heparin containing tubs
separated on Ficoll-Hypaque

> PLASHA will be collacted from

above the band of mononuclear

cells and used foi:

1. 1agG, IgM and Iga levels

2. CRP, iron, transferirin or
ferritin, zinc

5. Autologous plasma for PWHM and
PHA stimulation and HMLC

4. 1g to causative crganism
and its antigens

’ 5. Ig to diphtheria and tetanus

GRANULOCYTES will be o

ohtained from the pellet

after removal of RBC by

hypotonic lysis and

Dextran sedimentation.

Cells will be used for:

L. Iodination =—>
6 x 10° cells
2. Phagocytosis —>
1 x 10° cells
3. Chemotaxis —>
Lox 10° cells
4. Polarisation —>
A 106 cells

'Y
MONONUCLEAR CELLS
will be obtained by collecting

the band at the interface and used for:
. PHA stimulation —> 2.5 x 10° cells
. PWM stimulation —> 3.0 x 10° cells
. Resting DNA synthesis —> 2.5 10° cells
Stimulation by Shigella antigens —>16% cells
. Phenotyping by

immunofluorescence —> 1-2 x 10° cells

U N

*Hethods are described on next page and the significance
of each test is shown in Table 3

14
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SERUM

1.

r

CIZ. C4 levels will be measured by a discrete analyseaer
(COBAS B1O). ANti~C3 and anti-C4 . antibodies will be

obtained commercially.

Protein fractions will be estimated by electrophoresis.

PLASMA

1.

£

IgG, IgA, IgM levels will be measured by COBAS BIO and

by ELISA.

¢ reactive protein (CRP), iron and transferrin/ferritin

levels wiil also be measured by COBAS EBIO.

Ilgs to Shigella antigens will be estimated by ELISAH.

hY

:

'Igs to diphtheria and tetanus will be measured by a

nelUtralisation assay and ELISA respectively.

Plasma zinc levels will be estimated by an atomic

absorption spectrophotometer (AAS).

MONONUCLEAR CELLS

L.

Phytohaemagglutinin (PHA) stimulation will be measured
by culturing cells with various concentrations of PHA
in the presence of autologous plasma, heterologous
plasma or calf serum for 72 hours and assessing

proliferation by 3HTDR incarporation.
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Pokeweed mitogen (PWM)‘stimulation will be measured by
culturing cells with various concentrations of PWM i
the presence of autologous plasma, heterologous blasma
or calf serum for L38 hours (5 1?2 days) and asséssing

proliferation by SHTDR incorporation. The supernatant

-will be collected prior to addition of isoctope and used

for measuring non-specific Ig levels by ELISA or by
COBAS BIO as well as specific Ig to the causative

arganism and its antigens.

Resting ONA synthesis will be measured by incubating
mononuclear cells with‘sHTDR for 3 hours to assess

proliferation.

Stimulation by Shigella antigens (LPS, towxin) etc.
patients mononuclear cells will be cultured in the.
presence of Shigella antigens with autologous plasma
heterologous plasma, or calf serum for & davs.
Proliferation and antibody secretion will then be

measured by 3HTDR incorporation and ELIBA.

Fhenotyping by indirect immunofluorescence will be
carried out for determining proportions of T cells.
B cells and T cell subsets (T helper cells or Cbh4 and
T suppressor/cytotoxic cells or CD8) using monoclonal
antibodies UCHT1 (a kind gift of Prof. F.C_L.

Beverley), BL (CD1l9) (commercial source), anti-CD4 (a
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kind gift of Dr. Q. Sattentau) and UCHTE { From

Prof. P.C.L. Beverley) respectively.

GRANULOCYTES

1,

1

Neutrophil iodination - patient’'s gr%nulocytes will be
incubated with &taph. aureus or Candida albicans ofr
bakers yeast in the presence of avtologous =erum,
pooled human serum from 6 }malthy controls or heat-
inactivated patient’s serum and Nal221 for 0 minutes.

Todination will then be assessed in a gamma-counter.,

Phagocytic index - neutrophils will be incubated with
baker's veast suspension and pooled human serum from &
healthy controls for 60 minutes. Cells will then be
centrifuged and resuspended in a drop and é smear made
on a glass glideiand stalined wih Wright' s stain.
Ingested yeast in 50 neutrophils will be counted under

a8 migroscope.

Neutrophil chemotaxis will be measured by using a

. Boyden chamber. Neutrophils will be placed in the

upper chamber, the chemotactic peptide
N-formyl-Met-Leu-Phe (FMLP), Shigella antigens will be
1ayéred in the lower chamber and PBS {phosphate buffer
saline) added to both. After incubation for
30 minutes, the filters Wwill be removed, fixed in
methanol_and stained in haematoxylin and then counted

under a microscope.
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L Morphological polarisétion of neutrophils-neutrophils
will be incubated with FMLP, Shigella antigens for
30 mins at 37°C. The cells will  then be  fixed with
glutaraldehyde, washed and scored for‘the proportion of

nedtrophils deviating from spherical morphology.

Saliva samples will be collected by spitting into a beaker
or, in the case of younger children, by collecting with =
pipette. All samples will be obtained at least an hour after
a meal in the morning. The samples will then ke heat-
inactivated and centrifugea._ ELISAs will be carried out on

the clear sdpernatant to measure total Ig, non-specific Igh

.and specific Iga to Shigella antigens. Ias to poliovirus

will also be determined using a neutralisation 3S8ay.

Stool samples wWill be.homogenized by mixing thoroughly_ih
phosphate buffered.saline {(PBS). fhe sample will then be
centrifuged and the supernatant collected and froﬁen till
used for measuring Ig as for saliva. Shiga toxin will also

be assayed 1n stool by ELISA.

Delayed type hypersensitivity (DIH). DTH will be tested

using a Multitest CMI kit whereby 7 antigens and a control
will be introduced intradermally into the forsarm using a
multiple puncture device. AN induration of 2Zmm or more

diameter after 48 hrs will be counted as a positive

reaction. The antigens that will be tested include:
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Tetanus antigen ‘ 350,000
Diphtheria antigen 1100,000
Streptococcus antigen (group C€) 2.000

Tuberculin antigen 300,000

Glycerin control : solution of alycerin

weight/volume
Candida antigen (albicans) 2.000

Merieux units/ml
Malrieux unlits/ml
Merieur units;Sml
1U/ml '
to 70%

Merieu:x units/ml

Trichophyton antigen (mentagrophytes)is0 Merieus umitsfmi

Froteus antigen (mirabilis)

t-test will be used to calculate

150 Merisux units/ml

the statistical

significance of each measure, comparing the treatment aroup

with the gcontrol group.
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TABLE 1

Effects of malnutrition on immunity

CELL-MEDIATED IMMUNITY
vy total lymphocyte count

v T cell numbers
aspecially T helper cells (Th)

Ability of Th cells to provide
help to B cells in antibody
synthaesis

v PHA response of T cells
especially in the presence of
autologous plasma )

v skin reactions (delaved type
hypersensitivity, DTH)
COMPLEMENT

¥y CI3, Clg, Cls and other components
but not C4

# opsonic function of plasma

LYMPHOID TISSUES

Atrophy of thymus, lymphnodes and

spleen in experimantal animals. and
post-mortem examinations of
humans

v tonsillaf size

IMMUNOGLOBULIN SECRETION

¥ sIgh levels and vy mucosal

‘antibody response to viral vaccines

Referencs

Smythe i al., 13971

Chandra., 17974

Chandra, 1983

Beatty & Dowdle,
1978

Chandra, 1272

Sirisinha &f ail..
1975

N

Chandra, 1983

Smythe &t ait.,.
1971

Smythe gt alt.,
1971°

Sivisinha et al.,
1975
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NEUTROPHILS

v chamotaxis

Impaired intracellular bacterial
killing although bacterial
ingaestion 1s normal ‘

LYMPHOKINES

v TLI secretion from macrophages in
severe malnutrition

v Interferon production

Chandra, 1983 b

Chandra, 1983°

Bhaskaram &
Sivakumar, 1986

Chandra. L?B&b



TABLE 2

+- Effects of trace elements on immunity

TRACE ELEMENT

1. Zinc

2. Iron
3. Copper

(in rodents)

4., Iodine

5. Selenium
{particularly when
coexisting with-
Vit. E deficiency)

EFFECT ON THE IMMUNE SYSTEM
vy DTH

v lymphoocyvte proliferation
v T helper cells (Th)

¥ ability of Th cells to provide
help to B cells

v T suppressor activity

Y neutrophil chemotaxis

¥y intracellular digestion of
bacteria by neutrophil

Yy T cell numbers

v DTH

v lymphocyte proliferation to
mitogens and antigens

v thymus size

v thymic hormone activity

¥ number of antibody forming
cells in the spleen

Vv lymphocyte proliferation in

response to conconvalin A (Con A}

vy microbididal activity
of neutrophils
y thymic hormone activity

y antibody responses to
heterologous red blood cells (REC)
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SERUM .
Complement

CEZ. C4 levels

Protein fraction
estimation

PLASMA

Ig levels
IgAa,  TaG. IaM

CRP
Igs to causative
oirganism and its
antigens
MONONUCLEAR CELLS

Mononuclaar cell
PHA stimulation

Mormonulear cell
PWM stimulation

Restina cell DNA

‘synthesis

Pherotyping of
mononuclear cells

TABLE 3

SIGNIFICANCE
C3 v malnutrition, €4 is normal.

valbumin occurs in protein ensray
malnutrition and protein losing
enteropathies

J

These may be ¥ 1in malnutvyition or
unaffected, T in infections.

T in bacterial infections although not
in viral infections.

Absent in non-immune individuals. T

during infection

T cell proliferatrion in responsze to PHA
may be reduced in malnutrition,
especially in the presence of autologous
plasma,.

B cells predominantly respond to  PWH,
Deficiency in B cell function - will
produce a v in this response. .

Unstimulated mononuclear cells may be
activated and show T proliferaton as in
viral infections.

T cells are reduced in malrnutrition.

especially T helper (CD4) cells. The
T helper and T cytotoxic/suppressor
ratio is also reduced. Thiz can also

occur in infections.



D. GRANULOCYTES

1. Neutrophil
iodination

2. Phagocytic index

G

Neutrophil
chemotaxis

4. Neutrophil
polarization

b

This 1is a measure of both opsonisation
and bacterial killing by neutrophils.
v yeast opsonisation iz seen in
protracted diarrhoea.

This 1is a measure of bacterial killing
by neutrophils.

A decrease 1in chemotaxis ooccurs in
children with recurrent infections.

This is a measure of the proportion of
neutrophils respondlng Lo
chemoattractant factors.
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12.  FLOW CHART

Shigellosis
(5. dvsenteriae)

Leukemoid reaction

Malnutrition

' Healthy controls

No. of
children

30

30

30

]

Time (3 years)

S MR MM L A e e ek e e ek e

Children will be enrolled
whenever available,
preferably by 12 vears

As above

Samples will be obtained

from children at zimilar

times to that from :

children with shigellosis

As above



153. ITEMISED SPECIFIC TASKS FOR EACH LISTED INVESTIGATORS

a)

b)

)

d)

e)

Tasnim Azim

Lymphocyte studies

DTH studies

Clinical assessment and management of patients at
ICDDR,B

Laila Noor Islam

Granulocyte studies

3

4)

3)

Firdausi @Qadri

ELISAs for IgE, IgAa, Iga, IgM and bacterial
antigens in plasma, saliva and stool

- Determination of Shiga toxin in stool

Petermination of serum complement levels by
COBAS BL1O

Determination of IgM, IgG and IgA levels in plasma
by COBAS B10O

Determination of plasma levels of iron,
transferrin/ferritin and CRP by COBAS-BIO

Determination of plasma zinc levels by AAS

Electrophoresis for estimation of protein
fractions ’

TA:mh/T1:IMMUNEZ. PRT(5) 26



13, BUDGET

Personnel
Tasnim Azim
l.aila Islam

M.A. Wahed
Technicians (2)

Plastics
Chemicals

Media, antibiotics and
other reagents ’

Stock items, such as
pipette tips, glass
slides, glasswares, etc.

Instruments, including
automash, camera, camera
accessories, finnpipettes

10% added costs

Miscellaneous, including
mail, photocopying,
transport, etc.

Total;

GRAND TOTAL: U33 207,392

st vyr

10,308
2,000
603
9,000

5,000

5,000

8,092
4,000

2,500

8,000

4,000

66,103

37

2nd v Srd vir

11,999 13,199

2,200 0,442
664 730
9,900 10,890
5, 500 5,904
5,500 &, 500
10,000 11,500
5,000 6,000
2,851 2,000
S,000 10,000

4,500 5,000
67,114 74,175
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FINDINGS (ABSTRACT) OF STUDY

The immune response of three groups of children including
children with uncomplicated and complicated S. dysenteriae 1
infection and age-matched healthy controls have been compared.
Aspects of immunity studied include functional responses of
peripheral blood granulocytes kpolarisation, phagocytosis and
chemotaxis), phenotype and proliferation in response to mitogens
of peripheral blood mononuclear cells (PBMs), cell-mediated
immunity as measured by skin tests, antibody titres to the
lipopolysaccharide (LPS) of S. dysenteriae 1 in stool, saliva and
plasma, and levels of tumour necrosis facﬁor a (TNFa)}) and
interleukin 6 (IL6) in stdol. In most cases, each study group
has been divided into 2 nutritional subgroups - <65% and >65%

(weight-for-age as a percentage of the NCHS median).

Significant increases Wwere observed in some aspects of
granulocyte functional responses {polarisation and locomotion)
between children with S. dysenteriae 1 infection {whether
uncomplicated or complicated) and healthy controls {P=0.00), but
there was no difference between children with uncomplicated and
complicated S. dysenteriae 1 infection. Phagocytosis was similar
in all 3 study groups. Thus, these aspects of granulocyte
function were not altered in children with complicated versus

uncomplicated S. dysgﬁteriae 1 infection,

Children with complicated §. dysenteriae 1 infection had
significantly lower percentages of circulating helper T (CD4+)

lymphocytes than children with uncomplicated infection and



healthy controls (P<0.05). These children also had markedly
depressed CM]I responses when compared to children with
uncomplicated infection (P=0.00). However, proliferation by PBMs

in response to mitogens were gimilar in the 3 study groups.

Antibody titres td the LPS of §. dyvsenteriae 1 were higher in
children with S. dysenteriae 1 infection {(whether uncomplicated
or complicated) than in controls {(P<0.05). Antibody titres were
lower in children with complicated versus uncomplicated infection
although this wés not statistically significant. However, there
was a significant rise in antibody titres from the day of
enrollment (d0) to 3-5 days later (d3-5), in children with
uncomplicated infection but not in children with complicated
infection. These findings suggest that antibodies to the LPS of
S. dysenteriae 1 are suppressed in children with complicated

infection.

Finally, both stoocl TNFa and ILB levels were markedly reduced in
children with complicated versus uncomplicated S. dyvsenteriae 1
infection {P<0.05}. In children with uncomplicated infection,

both cyvtokines were higher than in healthy controls (P<0.05).

In conclusion, some aspects of the immune response are altered in
children with complicated infection. Thus, these children have
lowered number of circulating helper T lymphocytes and depressed
CMI responses to specific antigens, reduced antibody response to

the LPS of 8. dysenteriae 1 and lower stool TNFa and IL6 levels.
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ABSTRACT

cmripus. often Tatal. complications Mmay ACCOmMmDAaNyY
shigaellosis particularly in children beslow o vears mf agea.  Thesa
complications include leukemoid reaction. hemolviic uremlc
syndroms, toxic magacolon and septicemia. Exc5551ve production
of proinflammatory oyvtokines such as  tumor necresis fTactor o
(TNFa)'and interleukin & (IL&) have been sugaested as ‘poﬁﬁlblﬁ
factors in the pathogenesis ot these complications. We measured
TNFa and ILé in stools ot 97 children aged 1260 months. Thesas
children included thoss with uricemplicated ShAlgella dvsenterlae L
1erction {n=40), complicated 5. dvsenterias 1 infegction (n=l8),
uncomplicated Shivella Flexnsri infection (n=é&), mixed Shigells
anc Salmonella infections (n=4) and age matched heaslthy controls
{nN=2%). Higher stool TNFa and ILél concentrations were Tound 1n
childreﬁ with uncomplicated &. dvsenterias 1 infection than in
healthy controls {p<0.05). The numbers of chlidrer: Wl L
& Flesxneri infection and mixed infections were low, but 1n
m1thar of these grouﬁs of children, stocl concantrations of both
cvtokines were similar to those in healthy controls. GChildren
with complicated &. ovsesnteriae | infection as a droup had lowsr
stool cvtokine concentrations than children with uncomplicated
infection (p<0.057, However. subgroup analvees of children with
¢omplicated &, dovsenteriaze 1 infection ashowed that fhmﬁe with
weight for age <65% (of the National Center for Health Statistics

median) had higher stool cytoklne concentrations than bhose wiih

waiaht for age >65% (p=0.004). It is conciuded that complicated



ihfection 18 nob o assoclatad wibh higner
proinflammatory cvtokinas., TNFa and Ilo.
el

levaels of stool cvitokines were related

complicaticons in shigellosis.
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INTRODUCTION

Shigellosis. particularly due to Sfagella dvsenterize 1 1S

assoniated with a number of comslications which are usually sean

in children below 5 wvears of age. These. otten Tatal.
complications 1nclude: leukemold reaction., whers, thare is an

increase in the white bloed cell count to more than 40,000/cmn.
arandlocviosis arﬁi an 1ncrease in immature granulocvies {(4):
hemolvtic uremic syvndrome {(HUS) which consists of a triad of
hemolvtic anemla. thrombocvtopenia and acute renal faiiure (133:

septicemia {17) and toxic megacolon (1), The pathogenesis of

these complications remains to be understood.

Shigellas first adhers to (12) and then invade ths colonlc
epirthelial cells (9) where they multiply and then spread Lo
adjacent cells (i4). This process is accompanied by an intense
inflammatory response with infiltration of large numbers of
neutrophiis and macrophages in the lamina propria (10). In other
inflammatory bowel diseazes. such as Qlcefativa colitis and
Crohn’s disease, activated macrophages 1in the 1aﬁ1na proopria
ﬁécrete oroinflammatory cytokines such as interlieukin 1 (ILLDY.
interleukin 6 (ILéey and tumor necrosié factor a (THNFa) which can

me detected 1n the colonic mucosa (15).  High concentrations of

ILE and TMFa have been found in the ssrum and stool of childran

with uncomplicated S. dvsenterize 1 and Swiaells Tlexnesri
infections LS,lliﬂl Higher concentrations of ILS, but not THFa

have been demonstrated in the serum of children with comolicated

¢
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shigellosis. Howsver. no data are availlable on ithe concentrations
ot cviokipes in corresponding stool sampies (5). A there 19
evidence that stonl TNFa 1s a reliable marker Tor intestinal
intflammation (3) and as hiah concentrations of ILé af@ detaclhec
wrm stools of children with shigellosis (5.11), we compared stool
ILée ang TNFa concentrations among healthvy control childrsn andg
children with complicated'and uncomplicated 5h1ge£105is ()

investigate the possible roles these ovtokines may plav 1n the

pathogenesis of complications in shigellosis.

MATERIALS AND METHODS

Study population. Children aged 12-60 months who wesie
admitted to the Clinical Research and Service Centre {(CRSC) of
the Intermnational Centre for Diarrhoeal Disease Research.
Bangladesh (ICDDR.B)Y., Dhaka, with acute dysentery (visible blood
in stool with or without fever) were enrolied 1n the studv.
Stools were examined microscoplcally and were cultured for
shigellae (18). Only children whb were culture positive for
ﬁﬂig&ila were snrolled in the siudy. Samples of stool were
collected for cvtokine analvsis from these children oﬁ the dav of
enrollment, 3-5 davs later. and at convalescence (at least 14
davs after d;schargej. A single stool sample was also obtailned
from control healthy children, matched for age attending the
Nutrition Follow-Up Unit of ICDDR.B. These control children were
free from any infection for at least one month prior to

enrollment.
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Collection and preparation of stool samples. fiashly passed
stools were collected an sterile contaliners. weilqnad and 1 oam o
ctool was mixed with L ml of sterile ohosphate buftered saline
{PBS) (o 7.2, The mixtuire was centrifuagedg at 20,000 ¢ and thns
supernatant was tiltered throuah & 0.45 mm fTilter (Sartorius.

Goettinagen,. Germanv). Aliguots of fTiltrates were stored at ~70%

until use.

Cyvtokine assavs. fAssavs for ILé and TNFa were carried out
usaing EBLISA kits (Endogen Inc.. Boston., MA, USA) in duplicate.
The detection lamit For TNFa and ILé was 5 pa/ml and 4 pa/mi.
respectivelyv. Concentrations of both cviokines were calculatad bv
extrapolation using a Sfandard curve and were expressed a3 04/

of stool.

Statistical analvses. Multiple redression analvsis was
carried out to evaluate the aeffects of duration of diarrhea prior
to enrolliment. presence of other infecilons, sex and nutritional
status (weraht for age as a percentage of the National Center for
Health Statistics [NCHS| median)] on stool ILé and THNFa
concentrations. After controlling for the confounderse {duration
of diarrhea and nutritional status), comparisons between the
pmatient groups were dons by one way ANOVA,. and the Bonferron:a
test was Lhen ﬁpplled Lo assess significance of differences
between 2 groups of children. The Mann-Whitney U test was alsc
used to compare differences betwean the nutritional subgroups.
Comparisons between the acute stage and follow-up davs were made

between palred samples by usina the Wilcoxon Matched Pairs Signad



Rank test. The impant of the duration of dilaririhss on Lha
pubritional status Was evaluated using Fearson’'s correlatian.
Drfferences wWwere considered to de significant when 0 Was <00,

4pss for Windows (version 6.0) was used tor these analvses.
RESULTS

Study population: Ninety sevan cohildren were anrolled in
the study. The gﬁudv groups and aéaays pertormed are described in
Takxle 1. The'number af convalescent stool samples was vary Tew
(n=¢ and 3. for uncomplicated ang complicated 5. dvsenterras 1
infection, raspectively), for statistical comparisons.  All but |
chitd with mixed infections develooed complications. T e
duration of diarrhea prior to enrolimant. nutritional status. and
onroportion of males and females were comparablie among the study

aroups {Table 27.

Correlation between stool cytokines and clinical parameters.
Multiple rearession analvsis indicated that neirther sex nor the
presence of other infections {respiratory tract infections or
middle esar 1infection) inflganced stool TNFa and TILé
concentrations. However. stool concentrations of both cvitoklnes
waere affected by nutritional status 1in that cvlhbokineg
cohcentrations were higher in children with a lower wesight fTor
age . For this reason, children were divided 1nto 2 subgroups:
welight for age <&5% and >65%. Stpol ILé and THNFa concentrations
ware further influenced by the duration of diarrheg orior Lo
enroliment: a Jlonger history of diarrhaa was assoclated with

lower cvtokine concentrations in stool. However. the nutriticral

~J



atatus ocorrelated negatively W1th fthe duraticn of dlrarimnea
{ re==-0.2623, ©=0.,0001 s that uncernourished children had a longar
Auration of diarrhea prior Lo gnrollment . ﬁé & feault nt this
'negativa_ correlation. the effect of duration of diarrnea was
avdhbtomatrically ramove after controlling for the nutrationsl

staltus.

The numbers of infected children with &, Flesxnery and mixad
shicella and Salmeneglla were iow. Theraefore, the main
comparisons were carried out bstween healthy control childran.
children with uncomplicated &. dvsenteriae 1 infection and

children with complicated &. dvsenterias L infection.

Stool TNFa and ILé6 concentrations. Fias. 1 and 2 show
concentrations of stoel TNHNFa and ILEé respegtively, oan

enrollment. by patient group and their nutritional subgrour.

Poorly nourished children {(wWweight for age <65%) with
complicated &, owvsenteriaze L infection had higher stool TNFa

{n=7: 6&5-1013 pg/g; median=12%) and ILé (n=7; 38-5370 pg/a:
median=517) concentrations than batter nourished chilldren (weiqaht
for age >&5%) ( for TNFg: n=ll: 0-26& pa/a; medlian=33; TfTor TL&:

n=10: 2«88 pa/q; median=31), (p=0.0041. The nutritional status

3

had ne sffect on stool cvtokine concentrations 1in heal thy
cantrols or children with uncomplilicated 5. ovseniarzae |

infection.

Significant differences in the levels of both cvitokings were

observed among healthy control children. children with



uncamplicared &, dvsanreriae 1 oaintection and ohildren wi tin
campiicated &. owvsenterias 1 1nfection 1n both nutritional
sibarouns {(p<0.000 Tor a.vs b vs © lﬁ ail four comparisaons - %
Autritlional subgroups = 2 cviokines) [(Figs. 1 and 2. @A ana B).
Further analvsis showed that stool THNFa concentraticns weirs
Righer in children with uncomplicated £. dvsenleriss | infection
than in healthv controls [(p<0.05%) and children with complicated
&, avsenteriae 1 infection (p<0.05) 1n both nutritional subdarouns
(Figs.l., A and B). Howaver, TNFa concentrations were similar in
healthy controls and children with complicated §. dvssnisriae 1

infection (Figs. 1. A and B).

For IL&, the difference 1n concantrations betwsen study
aroups varied with nutritional status. In the poorlyv nourished
agroup (Figa. 2A4), the levels were sianificantly higher in children
with both uncomplicated (nzlé; 2-10000 pasa: median=1124; b<o.051
and complicated (n=7: 38-53370 pg/g: medianz517; p{Q.OSl
&, dvsenterige 1 infection, compared to healthy controls (n=l7;
O-471 pg/g; medianzlé]). The levels In poorly ﬁourished children
with uncomplicated and complicated &. dvsenferiase 1 1nfection
were similar (p>0.05). In the petter nourished arcoupn {Fig. 2B).
the levels were higher 1n children with uncomplicated
8. dveenteriae 1 infection {(nzl7: 4-1000C pg/q: medianz4140) than
in healthvy controls (nzl2; 0-3%1 pg/g; medianz=v) (p<0.05).
However. the levels 1n children with complicated 5. dyvsenlerias 1
intfection {(n=10: 2-88 paga/sg: medianz3l) were similar to that in

healthv controls (p>0.05).

!



Most eRlldran wibth uncomplicated 5. ovesnierias I anfactian
showea a decline 1n stool Tirao (Fige.3. & and BY and Tte
(Figs. 4. A and B! concennrations from the day of anrcllment to
I-5 davs latar. Trus, when madran concentrations were COMD& e
petween thase study periods. the declines were sianiticant for
TNFa {(p=0.002 and 0.042 for children with welght for age <oi% and
>&5%% . respsctively) and IL& (p=0.033 and 0.006 for children with
weight for age <65% and >63%, respactivalvl. In children with
complicated infection, stool coytokine concentrations ranalnsd
simitar or showed a rise from the day ot enrollment to 3-5 davs
later (Figs. 3% and 4, C anga D}, However, in better nourished
children with COlelCét@d infectioﬁ, no  silgniticant drfferaences
in median stocl TNFa {p=0.124) {Fig. 3DV and IL& (p=0.050)
(Fig. 4D) concentrations were observed batwean the atudvy periods.

In poorly nourished children. there were not enough pairad stool

samples for statistical comparison (Fig. 3T and 4Ch.

Cmmpérigéna {not statistically compared as numbers wers i la
small) between pairaed stool samples taken 3-5 days after
enrcllmant and at convalescence (14 dayvs or mors atter discharge)
shawed no differences in THRFa and ILé concentrations in childrean
with uncomplicated 5. dwsenterias | infection in elrther of fhe
nutritional subaroups Ldata not shown)., There were not anough

convalescent stoel samples Trom children with complicated

5. avsenterise 1 infectlon for comparison.

In children with &. Flexness infection, stool THFa (n=é.

0-252 pa/a) and ITLE (n=%, 5-410 pg/g) concentrations were similar

Lo



for tnose 1m healthy controls. No changes were detected ain shool
TNFa (p=3. 0-6731 pa’/q) and IiLé (nz2. 9-73 pg/g) concentrations -
5 davs later. In children with mlixed Salmonella and Shigeiia

infections, stool TNFa (nz=d: 0-1498 pg/g) and ILé& (n=4, 17-3%5

pa/g) concentrations were similar to those 1n healthy controls.

DISCUSSION

In this studv we ftound highsr concentrations of oitn TNFa
and TLE in stools of children wWith uncomplicated 8. dvsenterias L
infection than in bhealthy controls and there was considerable
individual variation. corroborating previcus findings (5). Higher
concentrations of these cvtokines have also beeh measured in ths
sara of children with uncomplicated &. odvsenterdiae 1 dnfection
(5). 1t 1s known that some of these cvtokines are increased
locally in inflamed tissues 1n active inflammatory bowel disesse
(15)Y. The possible sources of proinflammatory cvtokines 1in
dysenteric stool are. therefore. several including the blood
present in stool,. local production by neutrophils and macrophages

in stool, and leakage from inflamed colonic mucosa.

The main finding in thiszs studv was the lower stool
concentrations of TNFa and IL& in most children with comdlicated
compared with uncomplicatsd 2. dvsenterias L o infection. Lower
production of preoinflammatory cviokines by whole blood and
mononuclear cells have been reported in seriously 111 mpatients.
such as those with complicated ty9501d fever (8). sepszis (7)1 and

Familizl Mediterransean fever {(1&). It is suggested that loweir

11



concentrations of cvtokines are due to exhausted producrcion
capacitv possibly as & resulft of continued endotoxin stimulation
{7} or that celils switch Tfrom producing proinflammatory to
antiinflammatory ocvtokines {8). However. in complicated
S dvsenteriae 1 infection. high serum concentrations of TNFa and
ILe have been reported earliier {(5). The reasonis) for the
difference between serum and stool concentrations of TNFa and ILé&
are not clear. A similar situatlbn occurs in children with active
inflammatory pbowel disease where separate studies have shown low
concentrations of ILé in stoals {11) and high concentrations in
plasma (15). The suggested explanation for these findings was
that there are inhibitors for IL&é in stool {(11). It is possible
that stools of children with complicated 5. avsenterias |1
infection contain higher levels of inhibitors for ILe and THNFa.
It may also be hypothesized that there is a switch from =
proinflammatory to an antiinflammatory cvtokine profile locally
dueg ﬁo continued endotoxin stimulation which mavy not be seen

systemically.

Stool TNFa and ILé declined From the day of enrollment to
3~5 days later in most children (19/23 for TNFa; 18/25 for IL6&)
with uncomplicated &. dvsenteriae 1 infection {Figs. 34 and 44a).
The reason why stqol cvtokine concentrations increased in some

children is not clear.

In the present study, we did not find high concentrations of
these cyvtokines in the stools of children with &. fFlexneri

infection. These findings are contrary to earlier reparts

1z



tS5. L. Reasons Tor dilscresancies mavy wnclude that the number (ki
children 1n thls aroup was low. We also found that 10 ahildren
with mixed Saimonsiizs and Shigells infections. stool TNFa and TLS
concentfatlons were similar to those 1n healthy controls.
Concomltant Saimonella infection., therefore. doegs nobt appear to
ircrease stool dvtokine concentrations. - Howeaver. concomitant
infections with &. ovsenlterise 1 (3/4 children) caua@d a2 more
serious i1limpess with complications which may explain why stool
cytokine concentratiocns were not higher 1in these children

compared with healthy controls.

Finallv, we have demonstrated a nagafive correlation between
stool TNFa and IL& concentrations and the nutritional status of
children. However. this effect was onily seen in children with
complicated &. dyvsenterias 1 infecticon. Higher ovtokine
concentrations in these children may elther be a cause or effect
of malnutrltioh. TNFa can cause cachexia as well as stimulate ILé
nroduction (2). It mav be that some severely 11l children
produce morse TNFa which then leads to more ILé production which
exacerbates acute malnuitrition. fAlternatively. piasma TNFa
concentrations are raised 1in cmnditioﬁs of stress and
malnutrition (&); therefore, more cvtokings may be released in

severaely 111 and undernourished chilildren. :
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Table 2.
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5. dvsenterias 5, gheaentay a1 =, rﬂéwwgrj' Satiwellz Fovalus
=30 n=41 n=)% n=s =4
Duration of diarrhea
¥
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(days) Mean (SD) o (&.3) (2.43 {3.03} {(2.2)
Weight/aae (% of the a5 &85.4 7.9 57.4 1.0 NS
MCHS median) (5.8) (13.4) (12.07 (11.13 (11.1)Y
Mean (S0D)
Gendsr (o, oof chaldren)
HMiF 18314 21170 8111 £:0 3 &

*NS:Not signitficant
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LEGEND TO
Fig. 1.
Fig. 2.
Fiag. 3.

-
FIGURES
Stool TNFo concentrations on enrollment n control
children {(2) and in ochildran witn uncomolicatad (D)

and ceomplicated (C) &, dovsegniterias 1L intaction.
Horizontal bars repressnt madian wvalues, #) Foorlwy
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