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7.  Abstract Summary: DHAKA 1212

Cytokines are polypeptide products of lymphocytes or uonocytes which

have diverse biological effects in man that could underlie many clinical

events and complications of Shigells infection. Among these ffects are the

production of fever, induction of acute phase proteins, the stimulation of

granulocyte proliferation‘in the bone marrow, protein catabclism and amino
acid release in muscle tissue, the inhibition of albumin s3 nthesis in the
liver, the stimulation of imsulin release by the pancreas, a decrease in the
renal resbsorption of sodium, and the regulation of cellular interactions in
the immune system.

Dysenteric iliness is probably currently fesponsiblr:: for the majority
of diarrhea related deaths in Bangladesh (annex 1), and is primarily due to
Sbiée]lla infection. Even with current stendard therapy, such as provided in
our diarrhea Treatment Centre in Dhaka, mortelity ra_tes remain high., During
the period 1983 through 1986 2.89(9%) of the 3,235 patients admitted to our:
Treatment Centre with Shigella infection died, and another 311 {10%) were
discharged on "risk boﬁd" (agrinst medical advice),  many of them already
moribund {(amnex 2). |

The reasons for thish higﬁlfatality rate remain boorly ur;derstood.
Although the site of Shigelle infection and bacterial multiplication is in
the gut epithelium, systemic disease manifestations are fenerally prominent.
These systemic mgnifestations include anorexia and fever in nearly all
pati-ents, and in some patients the leukemoid reactic;n, hypoglycemia,
hypoalbuminemia, hyponatremia, hemolysis, uremia and cachexia. Because

s
cytokines can cause effects similar to the systemic complications of
ghigellosis in vitro, or in in-vivo in experimental animals, there is reason
to think that cytokines play a role in many of the systemic wanifestations

of this illness. We will therefore examine the relationship between
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.cytokines in plasma and disease manifestations in shigellosis, and correlste

these with levels of circulating levels of endotoxin, acute phase proteins
and Shiga toxin in 250 patients admitted to the ICDDR,B hospital with
documented Shigel.lé infection. We will sample patients on admission, and,
in those ﬁatients who rémain hospitalized, on days 3 end 7. " Patients will
be requested to return for follow-up 30 days after discharge in order to
determine post-discharge oﬁtc:ome and to obtain & convalescent serum semple.
In a selected group of patients we will measure cvtokine response to a DPT
immunization at the time of discharge and at the 30 day follow—up. During
hospifali,zation clinical and anthropometric data will be recorded daily in
order to evalufate the magnitude of colitis, fever and anorexia, as well as

the occurrence of specific complications such as hypoalbuminemia,

hyponatremia, leukemoid reaction, and hypoglycemia. The essay of cytokines

_will take advantage of a newly developed radio—immunoassay from our

leboratory, which is both more sensitive and requires & much smaller sample

"~ volume than the previous bic-assay technique. In addition to measuring

circulating leve}_.s of cytokines, in vivo production in response to & defined
sti;iulus, concanavalin A, will be_ measured with & new, simple, whole blood
celli assay developéd in our laboratory. | Assay resulte will be correlated
witﬁ the severity of the colitis, nutritional changes, specific systemic

complications and death man attempt to determine if the cytokines play a

role in the pathogenesis of shigellosis. If they do, then it may become

possible in the future to improve the outcome of severe shigellosis by .

controlling cytokine production, or their effects.
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SECTION II — RESEARCH PLAN

1. INTRODUCTION

1. Objectives

_ This project is an intensive three year study of the relationship of

cytokine production and action to severe and life-threatening events in
shige_llosis. _Wr—; propose -to study in orderly fashion the many events
that .cytok-ines can mediate in this disease, because these molecules
have so many relevant activities. If such mechanisms can be
established patients at risk of complications may be identified and
‘better treatment or prevention 7measures used to modulate the cyiokine
response. -

More specifically, this study will attempt the following:

a. to measure the production of the cytokines interleukin 1 alpha
(1La), interleukin 1 beta (ILb), cachectin - .tumor necrosis factor’
(TNF), granulocyte and granulocyte—macrophage colony stimulating
fuctor {(G-CSF and GM-CSF), es well as representative acute phase

proteins, endotoxin and Shiga toxin in patients with shigellosis.

b. to determine whether a correlafion exists between these
binlogically active host and m.icrobial' product mediators of the
ﬁon-—spec’i—fic host-response and the severity of colitis, fever,
leukocytosis and weight loss, or the development of specific

~complications, such as leukemoid reaction,. hyponatremia, or
hypoglycemia.

c. to determine if patients recovering from a Shigella infection have
‘a normal cytokine response to & defined stimulus, a DPT

immmnization.
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‘2. — Background

In Bangladesh dysenteric illness is probably responsible for the
majority of diarrhea related deaths when de}ﬁdr.ation can be effectively
treated (apnex 1), and the majority of dysenteric illnegs iz due to
Shigella infection. Even v our diarrhea 'Treatment Centre in Dhaka
mortality rates remain hign, with 289 (9%) of tﬁe 3,235 patients
admitted with Shigells infertion during the period 1983 to 1986 dying,
and another 311 (10%) being discharged on risk bond, man;y of them
moribund (annex 2}.

The pathogenesis of bacillary dysentery involves invasion of the
colonic epithelium by Shigellae, intracellular multiplication? of the
pathogen anci'ep'ithelial r;:ell death. These é::\.rent;; trigger a local and

general inflemmatory.renction. Shigella colitis is characterized by

epithelial sloughing and ulceration associated with mucesal
infiltration by polymorphonuclear and mononuclear phagocytes. Luminal
exudation and bleeding produce ‘the "dysenteric ét001s." The general
inflammatory response is ma.nifested by fever and leukocytosis with
neutrophils predominating. ‘Whether the latter two manifestati br_ns are
beneficial to the host in this {(or in other) infections remains an open
question. Nevertheless, clinical studies have shown that the case-
fatality rate in sever-g.sﬁigellosisris inversely relafed to body
temperature and is increased in patients with leukocytosis ebove
50,000 WBC/ml (Struelens 1985, Bennish, Butler). | Body temperature was
predi{gtl".;ve of outcome in multivariate annly_sisl- _.which included other
risk factors like age and nutritional status (Struelens 1985). Infancy

and malnutrition are associated with increased risk of death from

Shigella infection (Struelens 1985, Bennish, Butler, Keusch 1982). The



intgrelaftlions between these varimsbles (age, nutritional status, fever,
leukocytosis) have not been systematically explored, although a weak
correlation beiween febrile response alnd anthropometric indicators of
nutritional status was noted in one study q(Struelens 1985).‘ Protein—
energy malnutrition (PEM) is also associated with prolonged illness due
to Shigella (Keusch 1982). In addition, shigellosis exerts a strong
negative’effect on nutritional balance, both through intestinal protein
exudation and the catabolic cost of the inflamatory response {Keusch
1982,‘1371&;:'1{). Thus there is a comple;g inter-relationship between 'PEM
and Shigella infection, Specifically, chronic Shigella infection
compromises a child’s nutritional and immunclogic status. Convérsely,
chronic PEM ffom any cause may predispose a patient to infection.

Host defense mechanisms responsible for recovery Trom shigellosis
have not been elucidated, It is presumed, but not proven, that
secretory immunoglobulin A may terminate further invasion of epithelial
cells from.-the gut lumen. Complement—.mediated serum bactericidal
activity may help localize mucosal infection and # majority of Shigella
isolates are rapidly killed by normal serum but less effectively so by
serum from malnourished patients with bacteremia (Struelens 1984).
Infants with protein-energy malnutrition have heen shown to be
deficient in activity of the alternative pathway of complement, and for
opsonic activity for gram negative bacteria (Keusch 19%_34).

Polymorphonuclear cells can phagocytize and kill Shigellase opsonized

with immunogleobulins (Reed). The importance of this system has not
been investigated in patients with shigellosis.' However the markedly
inecregsed susceptibility of malnourished patients to Shigella infection

is unlikely to be due to impairment of this system which is only

marginally depressed in malnutrition (Keusch 1980). In contrast, there



X a}
is evidence frm in-vitro experiments that celf_l'-mediated immunity may

contribute to 1wst defense against Shigellae. Human peripheral blood

killer—lymphoc tes and monocytes were found to exert antibody dependent

cytotoxicity n Shigellae at effector: target ratios over 100 1

(Lowell, Morgei). Colostral lymphocytes also had natural killer (NK)

activity (Morgan). tlela cells are selectively killed by NK cells when

invaded by Shigella (Niesel). Interferon pretreatment of epithelial

cell lines makes the cell refractory to invasion by Shigellae
(Klimpel). Protein—energy malnutrition induces a marked depression of
cell-mediated immune responses that could in part explain the enhanced
susceptibility of the malnouris.hed to severe dvsentery (Keusch 1987).
IL-1, TNF and GM-CSF are a group of polypeptide products of—
monocytes, Tibroblasts, endothelial cells and T-cells which have a
variety of bieolegic effects, and have been the subject of intense
scrutiny in recent yvears (Dinarello 1984, 1987, Beutler 1987, Metcalf,
Clark). Il-alpha and IL-beta are structurally relsted proteins that
shgré most, but not all, biologic activities. Although produced ‘by
mumerous cell types, monoéytegs are their main source of production, and
production is stimulated by antigens, toxins, injury and other
inflammatory processes (Dinarello 1986). The principal biological
activities of IL-1 alpha and beta include : Tfe.Ver" induction secondary
t(; PGEZ2 productio'ﬁ acting on the hypothalamic thermo-regulatory
center; B and T lymphocyte activation; hypoferremie due to lactoferriﬁ
release from PMN's; granul.ocyte syntheéis, -release and activation,
probably by stimulating GM-CSF ‘transcription and t::anslation;

upregulation of hepatic synthesis and'release_ of acute phase proteins

and downregulation of hepatic albumin synthesis; muscle proteolysis and
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fibroblast proliferation; and increased pancreatic insulin release

(Baracos, Comens, Dinarello 1984a, 1987). The metabolic chages
induced by IL-1 appear to be mediated via endocrine changes. In
animals, IL-1 stimulates the release of insulin, glucagon and

¢lucocorticoid hormones, thus permitting hepatic gluconeogenesis and

peripheral glucose utilization to meet the increased metabolic demand

Py ,;‘}‘i-. - 4
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T of @he acute inflammatory'}eaétion%kﬁese&ovsky). Evidéhce from a;imal
exferiments also incriminates IL-1 as a mediator of anorzxia
(MacCarthy). In the rat model IL-1 merkedly incresses renél excretion
of sodium (Caverzasio).

The physioclogical role of cachectin is in many ways similar to
that of IL-1 (Beutler 1986, 1987). It is believed to be a proximel
mediator in endotoxic shock via endothelial alferations resulting in
increased permesbility and procoegulant activity (Beutler 19H7). It
suppresses adipocyte enabolism, and can induce production of GM-CSF as
well as acting as an endogenous pyrogen (Broudy).

Not only is it likely that cylokines are pfcduced during
infection with Shigeila but their altered or abnormai regulation may
also play a role in the pathégenesis of the disease, and especially of

"its associated complications. Translocation of bacterial antigens from
the gut flora to the circulation occurs through the altered mucosa in
Shigella colitis. This is manifested by circulating immune conplexes
and endotoxemia during acute Shigella infec£{on, as has been shown in &
previous study conducted at the ICDDR,B. {(Koster). These substances are
potent inducers of IL-1 production, and endotoxin stimulates TNF
release by macrophages which is in turn an inducer of IL-1 (Dinarello

1984, Beutler 1987, Movat).

Controlled interleukin-1 secretion during infection is likely to
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be beneficial to the host. The peptide is highly conserved in
evolution and thus may be advantageous for survival. Several of its
bislogical effects mey contribute to recovery from a bacterial
infe‘cti.on such as shigellosis: (i) the bacteriostatic effect of
irterleukin-1 induced hypofer-remia, (ii} fever enhancement of
pt agocytic functions, proeduction of interferon and activation of B-;
cells and Nl{-cells;l {(iii) recruitment and sctivation of PMNs (Dinarello
1984, Movat).

On the other hand, excessive and/or susteined secretion of IL-1
‘may becomne detrimental in view of its catabalic effects, Vanorexia and
glucocorticoid—m;a:diated immosuppressiop {Besedovsky). Similarly,
cachectin secretion may contribute to adverse effects of infection such
as catuabolism and shock. Experimentally, all of the manifestations of
septic shock can be reproduced by 11~1 or TNF administration, and
passive immunization with antibody to TNF protects against lethal
endotoxin challenge (Tfacey 1986, 1987, Beutler 1885). Therefore,
even if the infection were eliminated, delfterious or even life
threatening processes may .continue if ‘cytokine production were
| improperly regulated (Beutler 1987).

Recent studies have begun to elucidate more specifically the role
that cytokines may play in diseése processes. TNF was originally
defined in the course of studies to elucidate the mechanism of cachexia
in T. brucei infection in cattle. TNF production has been found to be
essential for the development of malaria in a murine' model (Grau). A
feview of nematode infe-ctions in cattle responsible for diarrh-ea and
weight loss in these enimals, suggested that TNF production, rather

than fecal protein loss, was more likely to be responsible for the
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weight loss that is seen during these infections (Hammerberg). The role
of cytokines in human diseeses has also been studied. In one study
TNF was measured by é biomassay in the serum of 73 Qatients with
meningococcal disease. 10 of 11 patients who dieé had detectable
levels of TNF, compared to only B of 68 patient: who survived
(Waage). In another study, 67% of patients with kal:-azar and 70% of
patiénts with malaria were found to have elevated levels, compared to
only 8% of patients with neoplastic disease (Scuderi). Lymphocyte
activating factor (IL-1) was produced spontanenusly by lymphocytes of 6
patients with Crohn’s disease, but not by 10 healthy control patients
(Satsénéi). Serﬁ_from patients with Kawasaki’s digease lysed vnscﬁlaf :
endothelial cells only after those cells were e#pnsed to IIL-1 and TNF
{(Leung). Sﬁch patients may may have abnormally high circulating levels
of TNF and IL-1 following treatment with aspirin, which is kpown to
augment the release of TNF from macrophages (Larrick).

Production of cytokines and biological responses may not always
be coordinate. Protein-ceprived rabbits display a dissociated reaction
to P.multocidas infection: they have a normal neutrophil response but
decreased febrile end hypofe;ramic responses, and diminished production
of endogenous pyrogen by monocytes (Hofmann—Goefz). Adult patients
‘with protein deficiency exhibit a similar defect in mediator production
during infection (Keenan). In the rat model the effect of protein
melnutrition is independent of age, however (Bradley).

Immunizations are known to elicit an acﬁtg phase response that
is similar to that seen during infection. In their classic_studiés on
the pathogenesis of féver Atkins and Wood showed that immunization with
typhoid vaccine elicited the prodpction of endogenous pyrogen (&

previously used term for IL-1), that endogenous pyrogen was produced in
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both subjects that had been previously immunized as well as those
receiving their primary immunization, and that the endogenous pyrogen
response was maximal alt two hours (Atkins). A subsequent study of
volunteers immunized with combined pargnferal typhoid-cholera vaccine
showe:d. that when compared to control patients, immunized patients had a
significant increase in both protein degradati’on and synthesis, results
that are consistent with stimulation of IL-1 production in the
immunized group (Garlick). And in a provocative fie-_ld study conducted
in the Punjsb, investigators found that children under six months of
age who were ilfununized with live virus vaccines (BCG, smallpox, polios
and DPT + polio) had s significant reduction in their weight in the 30
days following immunization ;vhen compared to unimmunized control
patients, a finding that ?'.s also consistent with the induction of
cytokines by immunization (Kielmann}.

Cﬁokines are known to stimulate the production of a number of
other bioldgically active peptides and proteins. Among these are the
colony-stimulating factors (CSF’s}. The colony-stimulating factors
(CSF’s) are a group of distinet proteins that induce differentiation
and proliferation of whiie cell {and perhaps erythrocyte) precursors
(Clark, Metcalf). Four human CSF’s have now been identified and
cloned., These four t:u:'e granulocyte colony-stimulating facfor (G—CSF),
macrophage colony—stlimulating factor (M-CSF), granulocyte—macrophage
colony—stimﬁlaf:ing factor {GM-CSF), and interleukin-3. GM-CSF and iL—B
tend to act at earlier stages of white cell differentiation than do G-
CSF .and M-CSF. However in higher éoncentrations th-e effects of the
latter two proteins tend to overlap with effects of the “former two.

This may have to do with the relative éffinity of receptors for

11



difterent CSF’s on the membrenes of the prosenitors of the various cell
‘lines. Febrile, neutrophilic responses duw ing hemodialysis have been
shown to be associated with increased plasia levels of TNF (Lonneman)
which may have been stimulated by sodium setate that is used as the
exchange—fluid buffer (Bingel).

CSF's are produced by a variety of cells, including fibroblasts,
endothelial cells, and monocytes. Even though their production is stimulated by
I1-1 and TNF (Broudy, Mochizuki), CSF’s uare present in 6n1y trace |
amounts,‘ making isolation and purification difficult and limiting the
opportunity for clinical trials. 'These trace amounts however are very
potent biologically. The recent cloning and e.xpression;df the
complementary DNA for all four human (3F’s, resulting. in recombinant
peptides, h_as made clinical and thersapeutic trialé possil;le, and a
number of such trials have been initiated recently. Continuocus
infusion of GM-CSF into normal monkeys elicited a dose dependent
increase in circulating white cells, with counts rising from the normal
ievel of 8,000 -~ 10,000 .to over 50,000 within 24 to 48 hours of the
initiation of the infusion (Donahue). This fﬂpid rise in peripheral
1eu-kocyte counts resembles the situation in s, dyéenteriae type 1
infection; ‘where peripheral whitelblood cell counts can also rise in
such a rapid fashion.

Acute phase reactants (APR) are generally considered to be a group
of proteins fhat are normslly not present in plasma, or are presgnt in
trace amounts, and are detectable in increased levels in the plasma
during inflammatory processes (Kushner). The first of these proteins
to be described was C-reactive protein, sco named because it reacts with
the C pol:;rsaccharide of pneumococei_ (McCarty). It, like alpha 2

macrofetoprotein, is a true acute phase reactant, in that it is not

12
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;ormally detectable in plasma. Other proteins, such as serum amyloid
" A, fibrinogen; haptoglobin, ceruloplasmin, C3 (the third.component of
complement), alphe-1l antitrypsin, alphe-1 antichymotrypsin and alpha-1
acid glycoprotein are all normally present (albeit often inlvery low
concentrations) but increase in concentration several fold to .several
hundredfold in response to an inflammatory stimulus (Kushner). Some
normal liﬁer derived plasma proteins, such-és albumin and transferrin,
ac:Zally decreasé in concentration in respoﬂbe to an inflammatory
stimulus. The physiologic role of APR’s in host defense, especially
CRP, remain to be more completely defined, although a number of.studies
suggest that they play a role in modulating the imm;ne respense (Li,
Mold, Mortensen). |

There is considerable evidence that cytokines play a role in the
inductioﬁ of the synthesis of some of these proteins by the liver.
This evidence ias strongest for serum amyloid A protein {Sztein, Sipe,
McAdam 1978, 1980, 1982), but studies have also sugéested that
production of CRP and other APPs may also be either directly or

indirectly controlled by cytokines (Bornstein, Mackiewicz, Merriman,

McAdam 1978, Perlmutter).

Rationsele

Although we have considerable understanding of the pathogenesis of
the colonic lesions in shigellosis, there remains little kmowledge of
the pathogenesis of‘systénic complications, or'factors leading‘to death
from this infection. In ip-vitro and animal models cytokines and CSF's
are known to induce many of the sys£emic abnormalities that we witness

in shigellosis; leukemoid reaction, hyponatremia, hypoglycemia, a shock

13
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like state, anorexia and cachexia It is therefore reasonable to BS-]-[
whether the abnormal production or regulation of such biologically
active proteins play a role in some of the above mentioned
complications. It is also possiile that the cytokines might play a
role in determining outcome in - atients with sﬁigellosis -~ that is
whether resolution of infection, and more importantly resolution of
illness, is likely to be dependeat on more than just specific‘ immune
res.}:;onseé.' Better ~understanding of these relationships can lead to
not only to a better understanding of the the pathogenésis of
shigellosis, but to new and improved therapeutic. approaches. Such new
approaches are cleerly necessary, hecau.se even with appropriate
antibiotic therapy, 10% of patients admitted to the inpatient unit of
the Dhaka Treamtment Center still die from their Shigella infection,

suggesting that treatment of the disease requires more than simply

eradication of infection.

SPECIFIC AIMS and HYPOTHESIS .

The speci;f'icrhypothesis underlying this protocol is that
dysregulation of cytokines 1is responéible for a number o_f the
complications thatr occur 1in-shigellosis, and that this dysregﬁlation
may in part be due to the effect.s of Shiga t;axin. ‘Based upon what we
know .of the clinical features of shigellosis, and the action of
cytokines, in this clinical study we hope to gain information on ten
specific questions on the role of cy‘toidnes in- the pathogenesis of

shigellosis. It is important to recognize that other studies are

underway to learn how to regulate and modulate the cytokine response,

14
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and that such meassures could be applied to high risk Shigeilla patients

in the future.

Question 1: Is the leukemoid reaction in shigellosis due to abnormally
higi_] and sustained circulating‘ le'vels of GM-CSF or G-CSF‘."

GM-CSF is known to be a potent inducer of macrophage and
neut;:'ophil precursors, and G—-CSF of later stage neutrophill precursors.
Most inflagggfory processes lead to an increase in -the number of
circulating neutrophils - few produce the abnormally high WBC levels
seen so0 frequently in S. dysepnterise type 1 infec':tionAs. Is the
abnormal WBC response seen in some patients witl’i shigellosis due to :l:o
abnormally high levels of G-CSF or GM—CSF? By compar&i.ng G-CSF and GM—-
CSF levels in Shigella inf:ectéd patients with and.witt!out the leukemoid

reaction whe bhave equivalent degrees of colitis, we will be able to

answer this question.

Onestion 2: Are IL-1 and or TNF responsible for high GM-CSF levels in
patients with 5. dysenterise type 1 infection and the leukémoid
reaction, and are IL-1 and TNF production in tufn related to
circulating Shiga toxin?

IL-1 and TNF are lnown to stimulate GM-CSF production, so it is
llogical to determine if the levels of these two cytokines correl,ateh
with GM-CSF levels. These two cytokines are produced dur:ing many
inflammatory processes however, but in most infections, even when
trestment is delayed or not provided, downregulation presumably results
in close enough control that the leukemoid reaction rareiy ‘occurs.
What makes §. dysenteriae type 1 different from most other infetétions?

Two possibilities stand out. One is that §. dysenterise type 1

15
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produces Shiga toxin in large emounts, and that Shiga teoxin in turn

atimulates JL-1 and 'NF, or stimulates GM-CSF directly. We will
measure Shigae toxin ia the serum and.stool of patients and will then
compare levels in pat ents with and without the leukemoid reaction, and
we will measure efffcts of toiin directly on IL-1, TNF and CSF
production in vwitro. -

The other fassible mechanism by which the leukemoid reaction
might be induced is circulating endotoxin agéorbed through an inflamed
colonic epithglium. Endotoxin is & lnown potent stimulus of IL-1 and
TNF produetion, and IL~1 and TNF could in turn stimulate GM—CSF.
production. In a previous study éonducted at the ICDDR;b endotoxin
was detect;d in the se;um 6f_patiént% with Sklnbsenterjae infection,
and was associated with the development of the hemolytic-uremic
syndrome. That s=tudy was done however with less specific endotoxin
assays than sre now availsble. To us endotoxin seems a less likely
candidate than Shiga toxin as the initiator of the leukemeoid reaction,
as patients with S. f?exnéri infection can also develop severe colitis,
and. presumably would,absoyb endotoxin in the same manner, but rarely if
ever develop leukemoid reaction: It is also  possible that Shiga téﬁin
acts synergistically with endotoiin, or in particular §. dysenteriae
type 1 IPS in causing the effect seen. By measuring endotoxin and
Shiga toxin, as well as cytokines and_GMTCSF,-we will hopefully be able

to elucidate the mechanism underlying the leukemoid reaction in these

patients.

Question 3: Is sustained interleukinllland TNF production responsible
for the hypoalbuminemia that is seen during Shigells infection?

In a previous study we demonstrated that low levels of serum

16



ICDDR,B LIBRARY
PUR DHAKA 1212

albumin were strongly associated with a fatal outcome, and in a
multivariate analysis this association was independent of nutritional
status as assessed by.weight for age criteria (Bennish). This finding
suggests that factor; affecting albumin synthesis and loss during the
illness might be as important as prior nutritional status in
determining illness outcomg. Facfors during thg illness that might_
affect serum albumin levels are albumin loss through an inflemed colon,
{Wahed), deﬁreaaed nutrient intake due to suworexia, increased protein
catabolism due to the metabolic demands of fever and infection, and
decreased albumin synthesis. At least three of these processes,

(anorexia, protein catabolism, and decreased albumin synthesis) are
known to be mediated by both IL-1 and TNF in experimenfal animal models
and probably, (but not definitively proven} in humans as well. We will
measure caléric {with nasoga;tric and per coral feedings.recorded
separately) intake, prealbumin levels, and stool alpha-l1 antitrypsin
1e§els and corrglate'these with plasma cytokine and serum albumin
levels. We will thus heve at least indirect indicators of four possible
ways that serum albumin levels might be effected by the éisease
process: 1. increased nitrbgen catabolism and loss due to ‘increased
levels of IL-1 and TNF; 2. decreased availsbility of substrate because
of decreased céloric and protein inteke; 3. increased loss through the
gut (indirectly measpred by spot alpha-1 antitrypsin levels) 4.

decreased synthesis as imeasured by pre-albumin, which is an albumin
precursor that is known Fo be dow;regulated by IL-1. All.of these
methods are indirect .indicators 6f‘the processes that we are actually
interested in. For instance oral intake is only an indir?ct measure of
protein and calorie availability, as we will not be measuring how much

of the intake is pbsorbed; stool anti-1 alpha trypsin is a proxy
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‘measure of the amcunt of serum protein being lost in the gut; and
prealbumin is again only an indirect measure of altered priorities in
hepatic protein synthesis that .we are.not able to measure directly.
Nonetheless these studies will provide insights into which of these
processes might be involved, they are easily meagured with availablé

methods, and determining them will help to define in more detail

research goals for future studies.

- Question 4: Is the inability of some patients to mount a fever during
Shigella infection a reflection of an inability to respond to IL-1 and

TNF, or rather an inability to produce them?

In. previous studies we demonstrated' that shigellosis patients
without fever were at much greater risk of death than shigellosis
patients with fever (Struelens 1985, Bennish). As with hypoalbuminemia,
this association was independent of mutritional status as assesgsed by
anthropometric indicators. IL-1 and TNF are £he major "eédogenous
pyrogens”; i.e. substances that cause the setpoint of the hypothalamic
regulatory center to be raised. Since there is no evidence that the‘
inflammatofy atiyulus in patients without fever is any less than in
patients with fever, we have to assume that the inability of some
patients to mount a febrile response is either due to their inability
to produce IL-1 and TNF, or to an inability to respond to TNF and TL-1.
We will test the first possibility by measuring unstimulated and;
stimulated IL-1 and TNF plasma levels. The second possible explanation
for the lack of a febrile response, the inability to'respond Aérﬁélly
to IL-1 and TNF, js somewhat more difficult to test. IL-1 and TNF act

to increase prostaglandin E levels in the hypothalamus - and it is the

prostaglandin E which in turn i1s responsible--for increasing the
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thermoregulatory set point. The best measure of hypothalamic response

‘to IL-1 and TNF is to measure prostaglandin E levels in the CSF -
something that we are not prepared to do. Nonetheless it is ‘prossible
to assess the ability of individuals to respond to other effects of IL-
1 and TNF; specifically by measuring some representative acute phase
reactants known to be -s‘.ynthesized in response to inflammation, for
example serum amyloid A which is known to.be synthesized in ;iirect
respoﬁse; -t.: "’TkLL-l {(MacAdam) .

Question §: fs I1-1 responsible for hypoglycemia in patients with §.
Fflexneri infection?

In a recently completed study we found that patients_ with
shigellosis are at increased risk of hypoglycenia when compared with
the general hospital' population. 35 of 100 patisnts with hypoglycemia
had Shigella infection., compared to 10% of all Treatment Centre
inpatient admissions (Bemnish, unpublished data). IL-1 is known to be
a potent inducer of insulin secretion in various animal models
(Comens). Bv measuring IL-1 levels in shigellosis patients with and
without hypoglycemia, we will be able to detérm;ne if IL-1 éorrelates

with and can explain the hypoglycemia that is seen in patiernts with

shigellosis,

Questipn 6: Is IL-1 induced natriuresis responsible for the

hyponatremia seen in pafignts with 5. dysepteriae type 1 infection?

Patients with §. dysenterias type 1 infection can have
hyponatren‘lia thgt is disp,:Wonate to the deg::ee of dehydration that
they have (Rahman).. In animal models IL-1 :s known to decrease renal
sodium reabsorption (Caverzasie). This may explain the hyponatremvia

1
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th4t is *seen in these patients, and is consistent with the preliminary
results of our sfudy of such patients, which showed that urinary
concentrations of sodium are inappropriately high. In this study we
will compare the levels of IL-1 in patients with and without

hyponatremia to see if increased levels of IL-l are associated with

hyponatremia.

Question 7: Are sustained high levels of IL-1 and TNF responsible for
the wasting that is seen in some patients with Shigella infection?
Most patients with severe shigellosis are anorectic, and.often
become cachectic if their illness is prolonged. Althoﬁgh the colitis
itself'might to scﬁe degree contribute to the anorexia by direcfly
affecting gut motility and function, it is also-probahle that IL~-1 and
TNF, which are known to induce both anorexia and a catabolic state,
contribute to the weight loss that occurs in many patien%s with
shigellosis. Wé will measure change in weight, IL-1 and cachectin-TNF
levels, and caloric intake during the period of the study to see if
sustained high levels of IL-1 and TNF are associated with more severe

weight loss, or decreased caloric intake.

Question B: Is Shiga toxin; rather than endotoxin, responsible for
abnormal levels of IL-1 and TNF in patients with shigelloesis?

If we +find abnormally high levels of IL-1 and TNF in certain
patients with shigellosis, as we suspect that we will, the question
thqn‘becumes what induces these abnormally high levels. Two possible
inducers stand out. One is endotoxin, wh.ch is known to be a potent
inducer of IL-1 and TNF, énd which has be n shown in previous studies
at the ICDDR,B to be found in the pl:sma of patients with S.

dysenteriae type 1 infectijon. However, as was discussed in Question

P
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1, we see many patients with S§. flexmeri infection whose colitis is as

severe as it is in patients with S. dysenteriae type 1 infection, yet

]

they raref& develop many of the specific complications that occur in
patients with §. dysenteriae type 1 infection. As the presumed
mechanism,fbr the circulation of endotoxin i; these patients was
absorption through a inflamed intestine, we should seé patients with §.

flexneri inf;ections who develop similar complications -~ something that
we rarely find. Moreover, pétients with endotoxemia due to other gram
negative bacteria do not develop the seme complications as ghe Shigella
patients. Therefore a more attractive hypothesis is that Sﬁiga toxin,

rather thap endotoxin, might be the initiator of a sequence of events

that results in these specific complications, a pathogenetic sequence
that is likely to include cytokines. We will measure levels of both
~endotoxin and Shiga toxin in patients with shigellosis, and determine
which more clo;ely correiates with cytokine levels.

" Question 9: Do patients with shigellosis have a normal cytokine

1
response: to a standard inflammatory stimulus?

'

Immunization with toxoid vaccines is known to elicit fever and a
cytokine response within hours of injectién, even in malnburished
children {Atkins, Keusch unpublished data). As part of the new Child
Health Program, we will be providing routine immmizations to many
children upon their discharge from the Treatment Centre. In 30 patients
who are hospiialized for seven days or longer, we will measure levels
of IL-1 and TNF as well as.antibodies to diphtheria and tetanus before
and after a DPT injection gnd compare them with 30 age and nutritiénal

status matched control patients who were hospitalized for wétery

diarrhesn.
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Question 10: Does the development of the the hemolytic uremic syndrome

correlates more closely with the circulating or stool Shiga toxin
levels than it does with end;toxin levels?

A previous study from the ICDDR,B showed that patients with
hemolytic-uremic syndrome (HUS) were more likely to have detectable
circulating endotoxin levels than did patients with shigeliosis
patients who did not have endotoxemia (Koster}. In that study the.
authors did not control for the degree of colitis however. In
subsequent studies conducted in the North America and Europe if has
been found that HUS in those countries is most commonly associated with
infection by a specifié serotype of Fscherichia coli, E. coli 0157: H7
(Karmali,;Neill, Grandsen}. JIn-vitro E. coli 0157:H7 produces a ;oxin
that that is identical to Shiga toxin (Calderwood, Seidah). As we have
discussed, there are many diseases that cause severe colonic
inflamnation (ulcerati#e colitis, S. #Fflexneri infection, hut it is
notable that the HUS is most closely associated epidemioclogically with
infection by two organisms that share in common the ability to produce
in-vive large amcunts of Shiga toxin. Indeed in 6ne patient from a
previous study we found high Qerum levels, but low urine levéls, of

toxin, suggesting that perhaps circulating toxin is bound to renal

epithelium, and therefore not excreted in the urine.

METHODS OF PROCEDURE

1. Patient selection

Qur plan for patient selection is guided by the perception

that it is likely that cytokine levels prior to the onset of a
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spetific complication are more important in the pathogenesjs of
that complication than levels at the time the complication is
already present. Therefore we cannot simply enroll patients with
the specific complications that we are interested in, and compare
them with an equal number of patients without those complications,
but rather must enrcll patients prior toe the onset of the

complication that we are interested in.

Patients ages 1 through 12 years admitted to the ICDDR,B
hospital with a presumptive clinical diagnosis of shigellosis
based on complaints of dysentery and confirmed by stool microscopy
{>20 leukocytes/HPF) wili be eiigible to participate in the study.
We will attempt to .enroll a total of 250 p@tients with culture—
confirmed shigellosis. Initiai enrollment will bre somewhat greater
beééuse patients initially enrolled in the study who do not have
Shigella isolated from their stool will be excluded from analysis.

In those 250 patieunts, if we were to‘take them consecutively,
we anticipate that we would have approximately 100 patients each

with S§. flexneri and 5. dysenteriae type 1 ianfections: the rest

- would be infected with other Shigells species. The exact number

of patients with each type of infection waould depend on the

prevalence of the two types of infection during the period that

the study was conducted. Prevalence rates for the two species

have varied by as mch as 50% over the last few years, and the
nuﬁber of patients with each type of infection could vary
accordingly.

. The number o1 patients with apecific complications will vary
as well, but based on previous petterns and with the chosen sample

size we estimate t}at we should be able to enroll approximately 15

.
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patients with leukemoid reaction (WBC > 50,000 mmg), 25 patienfs

who have a fatai outcome, 10 with hypoglycemia (plasga glucoée <
2.2 mmoles/ml), 20 with hyponatremia (serum sodium {125 meq/li,
and 16 with HUS (serum creatinine >200 mmoles/l1 and either a fall
in hematocrit > 10% or a hematocrit < 20%. Other outcomes that we

are interested in, such as wasting (as.determined'by weight loss)

can be compared in all patients enrolled in the study.

2. Clinical Evaluation
' - ;
Clinical-evaluation of patients duﬁing their hospital course
wilL include a daiyy'physical examin;tion, as well as daily
measurements of weigi:t, fluid, calorie and protein intake, and
stoél output. Height and arm circumference will be measured upon
admissioﬁ to thevTreaiment Centie. Patients.will also have
standard six—hourly monitoring of rectal temperature, heart ratef
and blood pressure. Stool samples for microscopic examination for
enuneration of cellular dlements, and blood-for.hemoglobin
concentr&tion, total leukocytes and differential,:plateletg,
creatinine and total proteiﬂ levels will be obtained on admission
and days 3 and 5, at the time of a convalescent visit 30 dayvs
after discharge, and at other times as c¢linically indicated.
The major clinical and laboratory variables that we are
interested in will be r;cordéd on a standard data entry fofm which,

will be computerized. A copy of .this computerized data entry form

is attached (annex 4).

3. Laboratory studies

The following special laboratofy studies will be done as part of
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this protocol: measurement of plasma or serum levels of IL-1
alpha and beta, TNF, GM-CSF and G-CSF, -endotoxin, Shiga toxin,
pre—albumin, albumin, serum amyloid A and CRP; measurement of
stool levels of Shiga toxin and alpha—-1 anti-trypsin. Because the
ability of monocytes to synthesize cytokines ("primed mcndbytes")
may be a more iﬁportant indicator of cytokine function than actual
circulating levels, we will measure cytokines both before and
after exposure to a defined stimulus, concanavalin A (Con A}. We
have developed methods that allow this to be done on a single
sample of bloed, as is described in-detail below in the section on
laboratory methods. In addition to tﬁese special stﬁdies, we will
also ﬁerform standard clinical studies as indicated. These would
include blood cultures, mneasurement of Qerum electrolytes and
creatinine, complefe blood counts, stool microscopic examination_
and atool cultures. The schedule for tests during the study will

s

be as follows;

a. Admission
Standard Studies

1. Blood culture.

2. Complete blodd count.

3. Serum electrolytes and creatinine.

4, Stool culture.

5. Stool microscopic examination.

6. Glucose if dextrose screen is less than 2.2 mmole/ml.

—_

Special Studies .

1. IL-1 and TNF plasma levels (before and after
io—vitro Con A stimulation).

2. GM-CSF and G~CSF plasma levels.

3. Endotoxin plasma levels.

4, Albumin and pre-albumin serum levels.

5. SAA and CRP serum levels.

G.

Shiga toxin serum levels.
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7. Stool Shiga toxin and
alpha-1 anti~trypsin concentration.
Day 3 (48 hours after admission).

1. Complete blood count.
2. Serms electrolytes and creatinine.
3. Stool microscopic examination.

Special Studies

]

IL-1 and TNF plasma levels (before and after
in-vitro Con A stimulation).

2. GM-CSF and G-CSF plasma levels.

3. Endotoxin plasma levels.

4., Albumin and pre-albumin serum levels.

5. - SAA and CRP serum levels.

6. Shiga toxin serum levels.

7. Stool sample for Shiga toxin and

alpha~1 anti-trypsin level.
Day 5 (after 96 hours of admission).

_Patients who are still hospitalized after 96 hours will
have the fellowing tests done:

1. Complete blood count.
2. Serum electrclytes and creatinine.
3. Stool microscopic examination.

Special Studies.

1. IL-1 and TNF plasma levels (before and after
in-vitro Con A stimulation}.

2. GM-CSF and G—CSF plasma levels.

3. Endotoxin plasma levels.

4. Albumin and pre—albumin serum levels.

5. S8AA and CRP serum levels.

6. Shiga toxin serum levels.

7. 8tool sawple for Shiga toxin and
alpha~1 anti-trypsin level.

The volume of blood %to be drawn on enrollment, including both

routine and special studies, is 8.3 ml. This breaks downs as
follows:
Test Volume of whole bloond Test perfbrmed on:
required for test .
- Cireatinine and 0.2 ml . serum

e ectrolytes

B .00d culture;

B lood count:

i.~1 and TNF

G4-CSF and G-CS8¥

Albumin, prealbumin, CRP
S\A, diptheria and tetanus

ml in isoclator tube

-ml EDTA anti-coagulated
it

i

MNNKNO -
. L] [] - -
OO ~D
&
[
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antifodies, Shiga toxin
Endotoxin 1.0 ml heparinized plasma

Since blood cultures will not be obtained éubsequently per
protocol, the volume will be 1.0 ml less, or 7.3 ml. Thus the
total amount required for the three planned blood draws during the
period of hospitalizéiion will be appro;?;ately 24 ml. In the 30
patients in whom we will determine response to DPT immunization,
up to an.extra 5’ ml of blood will bé drawn.‘Thus the total blood
draw during the period of hospitalization will not exceed 30 ml in
any patient, and in most patients will not exceed 24 ml. fhis
volume during a one week period poses no danger. The additional
volume required for the 30 day follow;up will be 7.3 cc. Since we
are limiting the siudy to patienfs 1 year of age or older the
smallest volume of blood in any of our patients should be
approximately 640 mls (8 kg x 8% circulating blood volume). Most
patients in this sfuﬁy will have blood volumes in excéss of 540
ml. In any event patients who have blood smear. evidence of iron-—
deficiency will be given oral iron therapy during convalescence.
4. Reaponse to DPT injection. ‘

The first 30 pétients entered into the study who are
discharged improved will be have an additional aliquot of 5.0 mi
of blood taken 4 hours after their DPT immunization, which will be
given as part of the new DANIDA Child Health Immunization Program.
For patients who are discharged on day 3 or day 5 this blood
drawing will be done in conjunction with the blood dréwing that is
acheduled for that day. For patieﬁfs who are disch;rge&:on day 2

or 4, onr after day 5, two additional blood draws (baseliné and

post-DPT) will be done on those days. We will compare post-—
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immﬁnization cytokine levels with those obtained Jjust prior to
immunization, and ﬁill also compare levels on discharge with thoser
obtained at follow-up, 30 days latter. |

In addition to comparing the response to immunizagion at the
time of discharge and at a 30 day follow-up, we will also compare
the response in these patients with Shigella infection to that of
30 patients being dischérged after having watery diarrhea, and who
will be matched for age and nutritional status. Age matching will
be done within the following ranges: 13 months-24 months, 25
months-59 months. Patients older than 59 months will not be
entered into this part of the study. Matcling for nutritional
status w{ll be on the basis of weight‘for height, and will follow
the convgntional classifications of mild, moderate, and severe
malanutrition. We will attempt to identify a suitable control
patient the same day a case patient is discharged, and will select
patients from either the inpatient ward, or the rehydration unit.
Watery diarrhea patients will by definition have less than 20
WBC’s/HPF and 5 RBC/HPF on stool microscopic examinafion, and will
not have had Shigella isolated from a culture of their stool.

At the time of their return visit 30 days after discharge
patients will also have cytokines measured before and after a
second injection of DPT. On one of these samples patients will
also have antibodies to tetanus and diptheria {oxins measured. We
will also request control patients to rétu?n after 30 days, and
wiil as well measure pre and post DPT immunization cytokine and

diphtheria and tetanus antibody levels in these patients.
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4. Follow up

All patients will be reguested to return for a follow up visit 30
days after discharge. At this time & repeat clinical evaluation

will be done, and another sample of blood obtained. Tests done on

this visit will be:

Complete blood count

Serum electrolytes and creatinine
Stool culture

Stool microscopic examination

IL-1 and TNF (before and after concanavalin A
stimulation). .

6. GM-CSF and G-CSF

7. -Endotoxin

8. Albumin and pre—albumin .

9. SAA and CRP

10. Shiga toxin

11. Stool Shiga toxin and

alpha—1 anti-trypsin concentration.

ook W N -

Patients who do not return for their follow uﬁ visit will be

visited by a home health worker who will encourage them to return

for this follow—up visit.

4. Laboratory methods v .

a. Assay of IL-1, TNF, G-CSF and GM-CSF

Sample collection anc preparation:
For the assay of these cytokines 2 ml of blood will be added
" to each of two pﬁrple top .EDTA containing Vacutainer tubes to
which the protease inhibitor aprotinin ha§=been added (to inhibit
enzymatic degradation of cytokines) . The tubes wiil be
immediately put on ice, and then centrifuged at approximately
3,000 RPM for five minutes. The plasma (excluding the buffy'coat)
will be aspirated, and transferred to a 1.5 nl Eppendorf tube, and

then be subjected to a hard spin (11,000 RPM) in a wmicrofuge in
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order to completely sediment any remaining white cells or
platelets. The supernatant will then again be aspirated, placed
in storage vials, and stored at -70° C until assayed for. cytokine
levels.

Cytokines will also be measured after in-vitro stimulation
of peripheral blood leukocytes with concanavalin A. This will be
done as follows. After the plasma has been pipetted off from the
_two EDTA containing vacutainer tubes, an equal amount of endotoxin
free normal saline will be added back. to the cells. One of these

ons will contain Con A in a concentration of 10 ug/ml. The

soluti

semples will then be mixed by inversion and incubated overnight at
22° ¢. The tuﬁes ﬁill then be spun at 3,000 RPM for 10 minutes
and the supernatant then pipetted off intolEppéndéff tubes, which
will then receive a fast spin—in a microfuge. The cell free
supernatant from these two tubes will then-be extracted, which
Iwill allow us to measure basal cytokine production in the absence
of Con A as well as stimulated production in the ﬁresenée of Con

A. Although it is normal to use =a tissue culture media (e.g.

) RPMI) for the_overnight incubation of cells, recent studies from

our laboratory have shown that endotoxin free saline performs just

. as well (Annex 3). This considerably simplifies the procedure,

ag well as reduces the cost.

Assay pbocedure

Assay of Il-1 alpha and beta, TNF and G-CSF and GM-CSF will
be done in the laboratory of Dr. Charles Pinarello, using a
radioimmunoassay method that was developed in that laboratory

(Lisi, Lonnemann 1987a, 1987b, van der Meer). Sensitivities of
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the assays are typically B0 pg/ml (IL-1 beta) 40 pg/ml {(I1i-1
alpha) and 10 pg/ml (C/TNF). There is no cross reactivity of the
antibodies used in these assays with other leukocyte-derived
factors. A similar assay systeﬁ is currently being!developed for
GM—CSF and G-CSF and will be standardized with the soft agar

muriné bone marrow colony—-plaque assay.

’

- b. Endotoxin

Sample collection.

1.0 ml of blood will be collected into a heparin containing’

_ vacutainer tube (green top) and immediately placed on ice. The
sample will then be centrlfuged at slow speed (200 x g for 10
minutes), the platelet rich plasma extracted and stored at -70°% ¢
until the assay is performed.

Assay method. _

Endotoxin will be assayed using a limulus amoebocyte lysate assay
with a chromogenic subétrate to amplify the reaction (Hass,
Tamura) Commerc1a]1y ava1lab1e reagents will be used in carrying
out the assay (Coatest Endoéox1n, Kab1V1trum D1agnostlca,
Stockholm).

¢. CRP, albumin anc prealbumin

Specimen collection

2 ml of blood will be: collected into a Vacutainer tube without
additive (redtop tube . The blood will be allowed to sit for 1
hour at room (air—ccnditioned room) temﬁerature. thé sample
centrifuged and the s¢rum extracted.

Assay nmethod

All three will be don: lasernephelometry on an automated Beckmann
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system.

d. Serum amyloid A

A 25 microliter aliquot of serum (collected as outlined above)
will be used for this radioimmunoassay, which will be done with
reagents developed in our laboratory.

e. Serum and stool Shiga toxin

Shiga toxin will be measured using a ELISA method that we have
previously described (Donahue—-Rolfe). Serum shiga toxin will be
measured on é 200 microliter aliquot of serum. Tox%n levels in
stool will bé measured using the same ELISA method.iStool samples
will be collected in 50 ml! Falcon tubes, vortexed.for five
minutes, and  than centrifuged at 3000 RPM for lé minutes. The
K supernatant will be extracted and frozen gt minus 70° C until the
assay is performed. Prior to performing the assay the speqimen
will be transferred to a Eppendorf tube, centrifuged at high speed

in a microfuge, the supernatant extracted, and filtered through a

450 millimicron filter.

f. Diphtheria and tetanus antibodies

' This will be done on serum that will be collected as detailed
" above, and the assay will be performed by a standard
hemagglutination method (Schubert).

5. Data anslysis.

The mean concentration of cytokines, acutelphasé reactants,
endotoxin and Shiga @oxin in the groups under consideration, as
detailed in the specific aims section, will be compared. As -
admission values will be available.on all patients, we will use

these values for the initial comparisons. Follow up values will
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be used in an attempt to discern patterns of response - for

" instance do patients with leukemoid reaction have persistently

high values, while patients with S. dysenteriae type 1 infection
and without complications have high values initially, and
subsequently have lower levels? Or do HUS patients have high
values only initially, establishing a sequence-pf pathologic
events which continue even if cytokine levels return to normal?

It is anticipated that levels of acute phase reactants and
endotoxin should correlate,closely with those of}cytokines. If
levela of one or morejof the acute phase reaétants do not
correléte with cytokine production, than ‘it will raise the
question of whether there is perhaps not only abnormal regulation
of cytokine production, but an abnormal, subnormal or selective
respoﬁse to cytokines that are circulating.

There are a number of potentially confounding variables that
have to be taken into account — these include age; durétion of
illness, snd nutritional status. If, after init;al exapination of
the results i£ appears that'cytokine response correlates closely
with any of these factors, and if the groups under comparison
differ as to age, nutrition, or duration of illness, it will be
necessary to analyze the results after stratifying for these
latter factors. If in uﬁivariate analysis a number of factor;
appear to be associated with a particular outcoﬁe, (say age,
nutritional status and IL-1 alpha levels), it may be helpful to
use a multi-variate analyﬁis to determine which factorsiare
independently associated. ’

There is little to help guide us as to precisely what levels
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of éytokines we should expect in these patients. Therefore we have
not performed formal sample size calculations. Rather we have
determined the target sample size based on the ggpected mmber of
patients we anticipate will provide the required number of
patients in each subgrbup under study. It has to be kept in mind
that this study is unlike most treatment atudies where the outcome
in one group can be predicted with some certainty -~ that we do not
in this siudy have a group where we can predict with relative
certainty the outcome - but that we rather are looking for
patterns of response. Based on the findingé of éhis initial study
we intend to propose additional detailed protocols when we héve
the initial-data to guide us and select particular patient
populations for further study and therapeutic interventions when
available.

Becuase we are uncertain of the pattern and magnitudé of the
cytokine response in these patien£s we will perform an intefiﬁ

analysis after 30 patients have been enrclled in the study. .
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.D. SIGNIFICANCE

The potential significance of this study lies in a number of areas.
It’s most immediate significance is the high likelihood it will provide a
better understanding of the mechanism of the pathogenesis of shigelleosis and
it’? complications. Since the study done by Koster et. al. here at the
ICDDR,B in the mid-seventies, little work has been done anywhere to study
the mechanisms of disease in patients with shigellosis. Given the fact that
Shigella is probably the primary cause of diarrhea related mortality in this
couﬁtry, and that there is a high mortality rate even }m&ng patients who
come to treatment centers for care, we need to understand more about the
lethal complications of this disease to devise better treatment.

Mozt of the recent work on pathogenesis (Sansonetti, Formal and others)
has looked at the pathogenesis of tissue invasion or fluid secretion at a
cellular level or in animal models. It is clear that we need to Fnow more
about what is happening in humans, especially as regards complications that
cannot be explained by the immediate epithelial cell - bacteria interaction,
complications for which there is currently no effective therapy. This study.
aims to not only re-examine work previously initiated at. the ICDDR,B, but
alse to look at a number of host-response factors which have been elucidated
cnly during the last decade.

Tﬁe ultimate determinént of the significénce of clinical studies such
as this is what impact the study might have on patients who are seriously
i1l with shigellosis. It is cleer that our current therapeutic approach to
the patient with shigellosis is appropriate{ but insufficient. Antibiotics
can effectively eradicate.infection, but do not necessarily haltrthe
progression of disease. If an aherfént host response is involved in the

disease process, than immunomodulation might be a useful-therapeutic
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.modaiity iﬁ addition to the appropriate use of antimicrobial agents.
{mmunomodulation can range from treatment with classically used agents, such

as steroids, to more specific means of immunomodulation that are likely to
‘become available in the coming years, such as monoclonal antibodies directed
at specific type of lymphocytes or their products, or eicosanoid regulation
of IL-1 in-vive in‘humans (Cannon, Dinarello, unpublished data). This study
will help provide a better understanding of aspects of the host-response
that might be amenable to such therépy. It will also help elucidate the
role of Shiga toxin in the pathogenesis of disease, something that has not
been as yet resolved. If it does appear that Shiga toxin has an importan£
role in the:,ﬁathogenesis of some of these lethal complications, it has

important implications for vaccine development.

E. FACILITIES REQUIRED

This study will be done using existing facilities. These will include
the research wards of the Bhaka Treatment'Centre, the newly constructed
résearch ward laboratory, and the office space assigned to the Tufts—New

England Shigella Invasive Diarrhea Hesearch_Team.

F. COLLABORATIVE ARRANGEMENTS

This study has been developed in collaboration with the bivision of
Geographiq Medicine and Infectious Diseases at the New England Medical
Center, Tufts University School of Mediciné, Boston, Mass.’ Dr. Dinérellp
- will do the cytokine assays, and Dr. Keusch’s laﬁoratory will assis? with
the assays of Shiga toxin. Dr. Dinarello at this institution has béen a
pioneer in the identification of interleukin 1, and his laboratory is‘one of

the leading groups in the world for the study of TI-1 as well as other
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. cytoKines. The laboratory of Dr. Keusch is one of the foremost groups
working on Shiga toxin, and indeed discovered its_action on the gut and
proposed its involvement in pathogenesis. A fellow from the Division of
Geographic Medicine and Infectious Diseése of Tufts New England Medical
Center, Dr. Judith Nerad, will take an active role in the study. ICDDR,B
now has an official collaborative relationship with this Division, which is
headed by Professor Gerald Keusch.

" There will be national counterparts at the fellows level as well. We
anticipate that Dr. K. Jahan, and M.P.H from the Harvard School of Public
Health, will accept a position to work on the project, and she will work
closely with Dr. Nerad and other members of the Tufts—[CDDH,B-team.

In addition ﬁr. Marc Struelens, an alumnus uf ICDDR,B, currently
working in the Department of Bacteriology and Sercology at Erasme Hospital at
the Free University of Brussels, will participate. The assay of acute phase
reactants will be performed at this centre.

The C.V.'s of these collaborating scientists are attached (Armmex 5).

in terms of the procedurss and assays that will be used in the study,
it is anticipated that the Shiga toxin assay (both the ELISA and the cyto-
toxicity assay) Gill be done in Dhaka, and that the assay of cytokines,
which are now being done only in the laboratery in Boston, can be
established in Dhaka once the newer, simpler assay methods that we-will be
using for this study are well validated against the older, more cumbersome
methodé. Such assays could then be used in a variety of studies that look

at the complications anl pathogenesis in patients with invasive_diagghgas.
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ABSTRACT SUMMARY

The p:tient population for this study will be patients admitted to the
ICDDR, 8 Treatment Centre who are suspected of having shigellosis at the
time ¢f their entry into the study. Only patients with culture proven
shigellosis will be analyzed however, Only patients older than 1 year
of ag: will be entered into the study. Children are included because
the complications under study, as well us death, occur almost

exclusively in children.

There are no ?isks associated witb the study procedure. A small
arounts of blood will be sampled aseptically by venipuncture. In most
pafiehts this will amount no more than 25 ml within & one week peried,
and 7.3 ml a month later. In some paiients an additional & ml will be
required. These small ;olumes are made possiblé thanks to the recent
deyelopment of ﬁicromethods for the study of cytokines and should pose
no risk to any of the children in this study, the smallest of whom are
1iké1y to have a minimum blood volume of about 480 ml (6 kg x B% blood
volume), and most of whom are likely to have much g;eater blood
volumes. Where sppropriate patients will be provided with iron therapy
during convalescence.

No risk is involved to the patient,{so that the question (minimizing
potential risk) does not apply.

All clinical records will be handled only £y investigafors. Code
numbers hil& be used instead of patients name.

Signed consent will be obtained from the ﬁatient or his(her farent or

guardian after a clear description of the study methods and purpose.

No special interviews will be required.
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1f the pattern of non specific host response is found to influence the
severity of shigellosis, this may lead to original preventive or

therapeutic approaches, as we have described in the significance

1

section of the protocol. With a death rate of over 10% among our
patients hospitalized with Shigella infection it is clear that we neéd
to find more effective therapies. To do so we need to understand more
about the disease process, which is what this study attempts to do.

The study will use only human plasma or serum stool and medical

records. ’

i fhe
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INFORMED CONSENT FORM

Your child has bloody dysentery which is probably caused by a germ
nared Shigella. Diarrhea cauaed' by this germ can be very serious,‘and can
lead to a number of complicat.ions and problems that we do not see with other
types of diarrhea. We do not know how and why this germ causes the
problems and complications that it does, and to understand more about the
illness that it causes we are conducting a study. We weunld like your
permission to enroll your child into this study.

The study is a quite simple. During the time that your child is in the
Treatment Centre wel will provide him with the care that we wounld normally
provide for thris serious illness, and we will record his ‘prog‘res_s during
'hospit:'llization. Your child will not have to be hospitalized any longer
than they otherwise would have been. In addition to the normal tests that
we do, we will obtain an extra 7.3 cc of blood (é. ‘little more than 1
\teaspoon) on three occasions over 7 days. in order to perform some special
tests. These tests will’ tell vs how effuctively your child is fightih_g the
infection. Taiting this extra amount of b.lood will not in any way harm your
child. We wil! ask you to bring your child back 30 days after his discharde
in order to assess how he has progressed. At that time we will take
another bleood =mample dof gsimiler volume. "All theh information that we record
for study purposes will be kept by the investigators and no one else will
have access to this informatiot.t. By allowing your child to enter into the
study w= will hopefully be able to learn more about thisr infection which is
one of the major causes of diarrheal illness and death in Bangladesh and
similar po r countries. Hopefully by learning more about the . illness we

Qil] be atle in the future to more effectively treat patients with this

infection.
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We mngt also give your child an immunization against diptheria,
tetanus, and whooping cough at the time he is &ischarggd from the hospital.
If so, we will measure how effective the immunization was by taking an extra
sample of blood (about half a teaspoon) both before and after the

immunization. We will do this again at the time of the follow-up visit 30

days after discharge.

"If you would prefer to not have your child enter into this study he (or

she) will receive the same care as they ugually. If you do agree to let
your child participate in this st@dy please sign (or give your left thumb

impression) below.
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Justification for budgetary items.

1. Project co-head.

T

This position is intended for a national scientist who will serve as
the co-director of the project. The person who fills this ﬁosition should
. be someone at the senior medical officer level or above, who has familiarity
with the clinical problems of patients coming to the Treatment Centre, who
has some background in clinical research, and is now ready to devote the

majority of their time to research.

2. Medical officer.

This will be a physician at a more' junior level than the project co-

head, who will actively participate in the clinical and research activities

of the study.

.t

3. lLaboratory technician

.Mﬁghe-responsibility of this person will include learning and carrying out
certain assay procedures that will. be'part of the study. These include both
the ELISA and cytotoxicity assays for Shiga toxin. In addition this person

will process specimens, arrange their storage in the treezer, and® order

supplies as necessary.

4. Community health workers.

These two persons (preferably women) will coor&inate the follow—up
activities, This means obtaining a dééailed address of pntien;s who are
enrolled in the study so that thef can visit the home if taie patient does‘
not return for the scheduled follow-up, visiting the homes o ' those patients
who do not return for follow-up, and assisting with patierts during their

hospitalization.
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5. Computer entry technician/programmer
This person will be responsible for developing a computer data entry form,
making corresponding patient data collection forms, entering data into the
computer, and assisting with the computer based data analysis. This work
will be done using Stat-bac data base and statistical analysis program on
pré—existing computer equipment.

é. Vacutainer tubes for‘blood collection

Although somewhat (2x) more expensive than using plan test tubes without

additives, these tubes possess the advantage of being endotoxin free, having

the additive (i.e. EDTA, heparin) pre—added, and having a standard volume

draw.

ort

7. Microtainer tubes for CBC.

These tubes have the advantage of collecting a micro—sgmple with good

preservation of RBC morphology, which is critical for judging hemolysis.

§. Nunc tubes for specimen storage.

This tubes are again slightly more expensive than glass tubes for storage of
specimens, but our experience in previous studies has been that they are
more reliable than glass tubes, which often break in transport, or
microcentrifuge tubes, which at times do not have sufficient volume for fhe

sample, and which are more likely to lose their labels.

g. ELISA reader, washer and multi-channel pipet.

This will be used for the SHIGA toxin ELISA, a method.which we will
establish in the laboratories in Dhaka.

10. —650 C freezer.

This will be used for safe and secure storage of the specimens that are

being batched for assay.
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11. wIce maker
Blood-for endotoxin assay should be kept cold while awaiting
processing. This is true even the the period from collection to processing

js very short. An ice maker in the Treatment Centre will allow us to do

this.
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FPATALITY RATE

ANNEX 1

FATALITY RATES BY TYPE OF DIARRHOEA MATLAB 1975 - 84

~ RATES PER 1000 CHILDREN AGE |-4 YEARS
H TOTAL DEATHS EMDYSENTERY -WATERY

1975 1976 1977 1978 1979 1980 (981 {982 1983 1984
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ANNEX 2: SHIGELLA ADMISSIONS AND DEATHS

ICDDR,B - 1983-1986

Species or Total Discharged DORB Referred to Died in

serotype admissions alive other hospital hospital
S. flexneri 1740 1390 (80) 162 (9) 20 (1) 168 (10)
S. dysenteriae 1070 835 (78) 118 (11) 35 (3) 82 (8)

type 1 : :

S.dysenteriae 105 88 (84) 4 (a) 1 (1) 12 (11)
types 2-10 .

5. boydii 208 169 (B1) 18 (9) 1 (0) 20 (10)
S. sonnei 112 94 (84) T 9 (B) 2 (2) 7 (6)

Total 3235 2576 (80) 311 (10) 59 (2) 289 (9)
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Jariable #. 10 — HY HRS FEVER
Start column = 25 Number of columns = 4 Type = Numeric
Jariable # 11 - HX HRS VOMITING )
Start column = 29 Number of golumns = 4 Type = Numeric

o i — AT 1 e S B it e e M B U i s . o (i e . " S e S —— e’ _——— . T —



Jariable # 12.-= HX

# VOMITING LAST

24

S5tart column = 33 Number of columns = 2 Type = Numeric
Jariable # 13 — HX FOOD INTAKE
Start column = 35 Number of tolumns = 1 Type = Alpha
1=USUAL
2=2:U8UAL
FI=<USuUAL
4=MONE
Jawiable # 14 — HX THIRST =
Start column = J6 Number of tolumns = 1 Type = Alpha
1=U5ual
2=>UsualL
S=CUSUAL
Jariable # 13 - HX URINE OUTF _ .
Start column = 37 Number of columns = 1 Type = Alpha
1=USUAL
2=U5UaL
I=L{UsSuAL
A=NONE
Variable # 16 — HX ABRD .PAIN
Start column = 38 Number of columns = 1 Type = Alpha
1=NO
2=YES "
Jariable # 17 — HX STRAINING
start column = 39 Number of columne = } Type = Alpha
1=NG .
2=YES
Jariable # 18 - HX RECT FRO
Start column = 40 Number of columns = 1 Type = Alphs
1=N0O
Z2=YES
Jariable # 19 — HX MYALGIA
Rtart column = 41 Number of columne = 1 Type = Alpha
1=NO
2=YES

- —— — s e s

Variable # 20 — HX ARTHRALG

start column = 42 Mumber of

1=N0
2=YES

columns = |




3

lariable # 21.— HY HEADACHE

start column = 43 Number of columns = 1 Type = Alpha
1=H)
#=Y 5
‘ariable # 22 — 44X MENT STAT.
itart column = 44 Number of columns = 1 Type = Alpha
i=N IRMAL
D=1 RITARLE
Z=LITHARGKBIC
4=CIMATOSE i
' S=CEIZURES
&=L THER
‘artable # 23 — M DRUG FX
tart column = 45 Number of columne = 1 Type = Alpha
1=NONE
2=ANTIEBIOTIC
3=0THEFR 4Lt OPATHIC
4=HOMEOFATHIC
3=AYORDEMVIDIC A
a=FAKEM ,NOT KNDOWN
7=PHCL UDING ANTIEX
S=NO ANTIRIOTIC
lariable # 24 — ADM TEMFP
itart column = 46 Number of columns = 4 Type = Numsric
lariable # 25 - ADM HEART RT
itart column = S0 Number of columns = 3 Type = Numeric
‘fariable 3 26 - ADM RESF RATE | '
tart column = T3 Number of columns = 0 Type = Numeric
‘ariable # 27 - ADM BP &B¥S8
itart column = 36 Number of columns = T Type = Mumeric
‘ariable # 28 - ADM RaAD PULSE S
start column = 59 Number of tolumns = | Type = Alpha
1 =NORMAL
Z=UWEAK/FEERBLE
I=RARSEMT
‘ariable # 29 - ADM DEHYD
itart column = &0 Number of columns = 1 Tvpe = Alpha

1=NONE
2=MILD
3=MUODERATE
4=3EVERE



Jariable # 30 - ADM SHOCK

3tart columh = &1 Mumber of columns = 1 Tyje = Alpha
1=NE
2=YES

Jariakle # 31 - ADM FPEDAL EDEMA )

start colums = &2 Number of columns = | Ty e = flpha
1=N0
2=YES

Jariable # 32 - ADM CHEST

start colunn = 63 MNumber of columns = 1 Tyse = #lpha
1=:CLEAR
2=ABNORMAL

Jariable # I3 - ADM EOLEL SDS _

start column = &4 Number of columns = 1 Type = &lpha
1=ACTIVEZ 7
2=8L UGEISH
JI=ARSENT —

Jariable # 34 — ADM ARD DISTEN

start column = &5 Number of columns = |1 Type = Alpha
1=NONE
2=PRESENT ,80FT
I=PRESEMT ,FIRM .

lariable # 35 ~ ADM ABL TEND

start column = &6 Number of columns = 1 Type = Alpha
1=NQO
2=YES

‘ariable # 36 — ADM RECT FRO

3tart colusn = &7 Number of columns = 1 Tvpe = Alpha
1=NONE
P=SELF-REDUCIELE
JI=PRESSURE RED
4=NON-REDUCIBLE

lariable # 37 — ADM MENT STAT

itart column = &8 Number of columns = 1 Type = Alpha -
1=ALERT

2=AGITRATED
I=DELIRIOUS .
G4=0HTUNDED
S=STUFOROUS
&=C0MA
7=SEIZURES




Jariable ¥ 38°'— ADM WT (KB)
Start column &9 Numb ear

39 —- WT/AGBE
Number

Jariable #
Start column =

73

of

columns

of

columns

i

Mumeric

e e — ——— — e ey S A ———

Numeric

Jariable # 40 — HEIGHT
start column 7b Number

L L i o . ST B o Sl . o S Py = o T St T TS e S 7YY S S e T M s

Jariable # 41 — WT/HT

start column = 79 Numbet

columns

columns

Jariable # 42 - ADM CXRAY
Start column = 82 Number

1=NOT DONE
2=NORMAL :
J=CONSOLIDATION
4=INF ILTRATE
S=ARNORMAL OTHER

of

columns

Numeric

n

Jariable # 43

start column = 83 Number
1=NOT DONE
2=NDFMAL
S=BUSPECT ABNORMAL
Jariable # 84 — ADM WRC

3tart column = 84 Number

[

- ADM
87

HCT
Number

Jariable # 45
start column =

s . T, T S T e Sk e e e

- ADM ABD XRAY

of

——— i L . e s g Ty e ot ot

columns

Type

Alpha

columns

Numeric

columns

Numeric

- . e o M S e S e (e A i S B i B S SO St PO W s k. b e . i e e . S T W 7 S W R S - _—— T — . (o S ) S S LS4 S e ey e ey

HAMNDS
Number

Jariable # 4& — ADM
start column gae

o e S g e A s s . S o i P . g, P e AR . AL S B e LD Mg e e s

FOLYS
Number

Jariable # .47 - ADM
3tart column 21

LYMPHS
Mumber

Start coluwmn = 92

—— i T — — T —— —— AL ST o bl Sk e, T

B e i e i L S —

- e e T L o S T P B, B A T M Bl b e e S e S e e e Py, . S . . o ] e e Sl T S oy i i e S e S Sy el iy Yoy S S S i S FroTS SPYE

MNA+
Number

lariable # 49 - 4DM
tart column = 2%

columncs




A

Jariatile # S0 ~ ADM K+

Start column = 9B Mumler of columns = 3 Type = Numeric

Jariable # 51 — aDM BICAGER

start column = 101 Nu wber of colwns = 2 Type = Numeric

Jariable # 52 ~ ADM CL-

start column = 103 Nu ber of colurns = 3 Type = Numeric

/ariable # 53 - ADM CREAT

3tart column = 106 Nunsber of cocluins = T Type = Numeric

/ariable # 54 — ADM PROT o

start column = 109 Number of columne = 2 Type = MNumeric

/ariable # 35 - ADM STOOL WBC . _

itart column = 111 Number of columns = 3 Type = Numeric

‘ariable # 56 - ADM STOOL REC

start column = 114 Mumber of columns = 3 Type = Numeric’

‘ariable # 57 - ADM GLUCOSE

start column = 117 Mumber of columns = 4 Type = Numeric

‘ar-riable # 58 - ADM ALEB .

3tart column = 121 Number of columns = 4 Type = Numeric

Jariable # 59 — ADM CRP )

itart column = 125 Number of columns = 4 Type = Numeric
) +

lariable # 40 - ADM 5RA

tart column = 129 Mumber of columne = 4 Type = Numeric

Jariable # &1 - ADM PRE-ALEB .

tart column = 133 Number of columns = 4 | Type = Numeric

‘ariable # &2 -~ ADM ENDO TOX :

tar-t column = 137 MNumber of columns = 4 Type = Numeric

‘ariable # &3 -~ ADM SH TOX

itart column = Mumber of columns = 4 Type = Numeric

141




ariabkle # 64 -~ ADM IL1A UN-BTIM

tart column = 145 Number of columns = 5 Type = Numeric
lariable # &5 — ADM IL1A STIM

tart column = 150 _Number of columns = & Type = Numeric
'ariable # 66 — ADM ILLER LN-STIM

tart column = 155 Number of columns = & Type = Numeric
‘ariable # &7 — ADM IL1ER STIM

tart column = 160 Numbetr of columne = 5 Type = Numeric
ariable # 4B -~ ADM TNF UN-STIM

tart column = 145 Number of columhs = 5§ Jype = NMumeric

—— e g e e e

ariable # &9 — ADM TNF STIM

tart column = 170 Number of Enlumns = & Type = Nuwiseric
ariable ¥ 70 - ADM G-CSF
tart column = 175 Mumber of columns = &6 Type = Numeric
ariable # 71 - ADM GM-CGF )
tart column = 181 Number of columns = & Type = Numeric
ariable # 72 - ADM ST SHIG TOX
tart column = 187 Number of columns = & Type = pPumeric
ariable # 73 - ADM ST-A1ANT ) - -
tart coclumn = 193 Number of columns = & Type = Numeric
ariable # 74 - ADM E HISTO
tart column = 199 Number of columns = 1} Type = Alpha
1=TROFHOZOITE : N
2=LCYST -
I=NEG
ariable # 75 - ADM GIARDIA _
tart column = 200 Mumber of columns = 1. Type = Alpha

1=TROFHOZOITE
2=C¥Y8T )
I=NEB




.

Variable # 76 — ADM OTHER STOOL
Numer of

Start column =

1=NQ
==YEg

Variable #
Start column =

o

77 = ADM STOOL
Mumoer of

201

FATH
columns

Type = Alpha

FH

202

1=ACID
Z2=ALKAL INE

Variable # 78 - ADM STOOL COLOR
Mumber of

Start column =

203

i=YELLOW
2=RHROWKN
I=0THER

Variable # 79 - ADM STOOL CHAR

start column =

204

1=LIQUID
2= 00sE

3=0TH
Vvariable # BO
Start column =

1=8.D
2=8.D
3=8.F
4=5.H
o=8.8
H=NG
Jariable # 81
Start column =

i=MD
- 2=YES
. S=NOT

ER

e e B e o i . i vt i e

Numberl0§

columns

columns

n

columns

— ADM STO0OL. CX
205 Numbher

¥35-1
¥Y5-2-10
LEX

ovyD
ONNE 1
SHIG IS

C

+

columns

Typé = plpha

——— o - 3ot i —vow ——

- AMPI RESIST'
206 Mumber

TESTED

of columns

Jariable # 82 - NaAL ACID RESIST
Number of columns

start column =

i=NO

“=YES

207

" 3=NOT TESTED

e et B e A e e o e . e e

Type = #fAlpha

e ——

e e R e b e B e

Jariable # 83 - TETRA RESIST
Number of

tart column =

1=NO

Z=YES

208

v 3=NOT TESTED

e —— i — . S T e T e bt

columns

Type = Alpha




Jariable # 84 - EHLOR RESIST

Start column = 209 Number of columns = 3 Type = Alpha
1=NGB
2=YES
J=NOT TESTID

Variable # 85 ~ GENY RESIST

Start column = 210 ©  Number of columns = Type = Alpha
1=NO ’

-¢~NDT TESTiID

—— —— e i —

variable # 86 - SXT RESIBET

Start column = 211 Mumber of columns = 1 Type = Alpha
1=NO
2=YES -

I=NOT TESTED

Jariable # B7 — WT IN KG DAY-3 .
start column = 212 Mumber of columns = 4 Tyvpe = Numeric

Jariable # BB = ARD YRAY DAY-3

Start column = 2i& Number of columns = 1 Type = Alpha
1=NOT DIONE
Z=NOFRMAL
JI=SUSPECT ABN
Jariable # 89 — WBC DAY-3
Start column = 217 Number of columns = I Type = Numeric
Jariable # 90 - HCT DAY-3 E
Start column = 220 Number of columns = 2 Type = MNumeric
Jariable # 91 - HANDS DAY-3
start column = 222 . Number of columns = 2 Type = hNumeric-
Jariable # 92 ~ POLYS DAY-3
start column = 224 MNumber of columns = 2 Type = Numeric
Jariable # 93 -~ LYMPHS DAY-3
Start column = 22 Mumber of tolumns = 2 Type = Numeric
Jariable # 94 -~ dNa+ DAY-3
start column = 22 Number of columns = I Type = Numeric




lariable # 95 '~ K+ DAY-3

itart column = 231 Number of columnes = 3 Type = Nuaerirc
lariable # 96 - BICARBONATE DAY-3

tart column = 234 Number of columns = 2 Type = Nuieric
lariable # 97 - CL- DAY-3 _

tart column = 236 Number of columns = 3 Type = Nuiweric
'‘ariable # 98 -- CREAT DAY-3

tart column = 239 Number of columns = 3 Type = bNuneric
‘ariable # 99 -- SER FROT DAY-3

tart column = 242 Number of columns = 2 Type = Numeric
‘ariable # 100 — STOOL WBC DAY-3 _
tart column = 244 Number of columns = 3 Type = Numeric
ariable # 101 — STOOL REC DAY-3

tart column = 247 Number of columns = 3 Type = Numeric
‘ariable # 102 — GLUCOSE DAY-3

tart column = 250 Number of columns = 4 Type = Numeric
ariable # 103 — ALEB DAY-3

tart column = 254 Number of columns = 4 Type = Numeric
ariable # 104 ~ CRP DAY-3 o

tart column = 258 Number of columns = 4 Type = Numeric
ariable # 105 — SAA DAY-3

tart column = 262 Number of columne = 4 Type = humeric
ariable # 106 - PRE~ALR DAY-Z

tart coclumn = 2266 Number of columns = 4 Type = Numeric
ariable # 107 — ENDO TOX DAY-3

t+art column = 270 Number of columns = 4 Type = Numeric
ariable # 108 ~ SH TOX DAY-Z i

tart column = 274 Number of columns = Type = Numeric

———— —— ———— " —




Jariable # 109 — Ii11A UN-STIM D-3
Start column = 278 Number of columns = 5§~ Type = Numeric

Jariable # 110 - IL1A STIM D=3
Start column = 283 Mumber of columns = 5 Type = Numiric

Jariable # 111 — IL1B UN-STIM D-3
Start column = 288 Mumber of columng = 5 Type = Numric

-
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Jariable # 112 - IL1R STIM D-3
start column = 293 Number of columns = 5 Type = Numaric

Jariable # 113 - TNF UM-8TIM D-3

start column = 298 Number of columns = 5§ Type = Numeric
lariable # 114 — TNF STIM D-3 . S
3tart column = 303 Number of columns = 3 Type = hMumeric

‘ariable # 115 - G-CSF DAY-3
start column = 308 Number of columns = & Type = MHumeric

‘ariable # 11é6 — BM-CBF DAY-3
start column = 314 Number of columns = & Type = Numeric

‘ariable # 117 — 8T SHIG TOX D-3=
tart column = 32 NMumber of columnes = & Type = Numeric

Jariable # 118 - ST-A1ANT DAY-3
itart column = 32