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ABSTRACT: g

Shigellosis is a major cause of morbidity and mortality in young children in Bangladesh
and other developing countries. Further, the increasing emergence of resistance to a wide
range of antibiotics is of great concern. Another major public health problem in
Bangladesh is malnutrition which is closely linked with shigellosis and with a high
mortality. In shigellosis, a heavy nutritional burden is placed on children and vital
micronutrients such as vitamin A is lost in the urine. We recently found that the immune
response in S. flexneri infection was lower in children who were severely malnourished
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(weight-for-age <65% as a percentage of the National Centre for Health Statistics
median) when compared to children with weight-for-age from >65-75% . T cell
responses were primarily affected with lowered CD4/CD8 ratios, lowered proliferative
responses to T cell mitogens, Conconavalin A (ConA) and phytohaemagglutinin (PHA).
However, proliferation of peripheral blood mononuclear cells (PBMs) was lowered only
in the presence of autologous plasma suggesting that a factor(s) in plasma, probably
nutritional, rather than a defect in cells themselves was responsible. In children with §.
dysenteriae 1 infection, proliferative responses to PHA were similarly lowered in the
presence of autologous plasma but inhibition correlated to lowered transferrin levels in
plasma and not to the weight-for-age of the children. Also severely malnourished
children with either S. flexneri or S. dysenteriae | infection were more severely ill. These
findings show that immunity in malnourished children with Shigella infection is impaired
which may lead to more severe illness. As zinc has profound effects on immunity as well
as clinical outcome in diarrhoeal diseases, it is possible that zinc deficiency may be a
factor in reducing immunity and increasing severity of acute illness in malnourished
children with shigellosis. In this study, we will investigate the effect of zinc
supplementation, in a double blind placebo controlled trial, on inflammatory responses,
immune responses, outcome of acute illness and growth following recovery from acute
illness with §. dysenteriae 1 infection. As S. dysenteriae 1 causes more severe illness and
is associated with the highest mortality, this study will concentrate on children with S.
dysenteriae 1 infection.

HYPOTHESES:

1. Zinc supplementation in malnourished children with S. dysenteriae 1 infection
reduces intestinal inflammation.

2. Zinc supplementation in malnourished children with S. dysenteriae 1 infection
improves key elements of the immune response.

3. Zinc supplementation in malnourished children with S. dysenteriae 1 infection
decreases the severity of the acute illness and promotes subsequent growth.

4. Enhanced immune response secondary to zinc supplementation is associated with
rapid recovery from acute shigellosis and improved growth after recovery.

OBJECTIVES:

1. To determine whether zinc supplementation improves the inflammatory response in
malnourished children with S. dysenteriae 1 infection,
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2. To determine whether zinc supplementation improves the immunological response in
malnourished children with S. dysenteriae 1 infection,

3. To determine whether zinc supplementation reduces the severity of the acute illness,
and improves growth following recovery in malnourished children with S. dysenteriae
1 infection.

4. To correlate the changes in immunity, if any, with the severity of acute illness and
growth following recovery from the acute illness.

BACKGROUND:

Significant morbidity and mortality is caused by shigellosis in developing countries such
as Bangladesh and particularly in children below 5 years of age. The highest mortality
with shigellosis is seen in children with malnutrition (Bennish and Wojtyniak, 1991). In
shigellosis, a heavy nutritional burden is placed on children and vital micronutrients such
as vitamin A is lost in the urine (Mitra et al, 1996). Therefore, nutritional
supplementation during the acute illness and during convalescence from shigellosis
appears attractive as a simple means of reducing mortality. This is confirmed by the
findings that a protein rich diet given to children during convalescence from shigellosis
improved subsequent growth in those children (Kabir et al, 1993) and more recent,
unpublished data suggest that vitamin A supplementation improves the outcome in
shigellosis (Shahadat et al, personal communication). We recently found that the immune
response in S. flexneri infection was lower in children who were severely malnourished
(weight-for-age <65% as a percentage of the National Centre for Health Statistics
median) when compared to children with weight-for-age from >65-75% (Azim et al,
1996a). We also found that the immune response in children with S. dysenteriae |
infection is lower in children with lower levels of transferrin in their plasma (our
unpublished data). Thus nutritional status appears to be an important determinant of the
immune response to Shigella infection which may then influence outcome of illness.
Since amongst the shigellae, infection with S. dysenteriae 1 is associated with the most
morbidity, we will study the effect of zinc supplementation on the inflammatory and
immunological responses to S. dysenteriae | infection and correlate responses to severity
of acute illness and growth following recovery from the acute illness.

The inflammatory response in shigellosis: _
Shigellae are highly invasive and during the process of invasion they induce a strong
inflammatory response. The inflammatory lesions primarily involve the distal colon
(Speelman et al, 1984) and are characterised by oedema, patchy haemorrhage, goblet cell
depletion, crypt hyperplasia, infiltration of polymorphonuclear cells (PMNs) and
mononuclear cells, shedding of epithelial cells and focal haemorrhage (Mathan and
Mathan, 1991). Shigellae invade gut epithelial cells via the M cells overlying Peyer’s
patches in the small intestine (Perdomo et al, 1994a) and via the basolateral surface of
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epithelial cells (Mounier et al, 1992). Entry via the basolateral surface follows the
opening of the paracellular pathway by PMNs (Perdomo et al, 1994b). PMNs may be
attracted to the site of infection by bacteria themselves. Renesto et al, (1996) have shown
that shigellae can themselves induce activation of PMNs via the Ipa invasins. Once
shigellae invade, they infect the resident macrophages and induce apoptotic cell death
(Zychlinsky et al, 1992). Results from rectal biopsies of adults during the acute phase of
infection is characterised by increased cell turnover in the lamina propria and the
epithelium, increased inducible nitric oxide synthase (iNOS) expression in the surface
epithelium and apoptosis of the lamina propria macrophages (Islam et al, 1997).
Following apoptosis, IL1 is released from the macrophages and inflammation is initiated
(Zychlinsky et al, 1994). IL1 has been shown to be a major trigger in the inflammatory
reaction induced by shigellae as treatment with IL1 receptor antagonist lowers the extent
of inflammation, tissue destruction and bacterial invasion in animal models (Sansonetti et
al, 1995). Also, in adults with shigellosis, significantly more IL1 producing cells are
found in rectal biopsies of patients with more severe inflammation compared to those
with milder inflammation (Raqib et al, 1995a). S. flexneri has also been shown to initiate
PMN degranulation (Renesto et al, 1996) the products of which can lead to tissue
destruction and one of the major injurious enzymes released by PMNs is elastase. In
children with §. dysenteriae 1 infection, PMNs are very polarised (activated) and
polarisation is more marked in children with systemic complications (Azim et al, 1995b).
Inflammatory changes in the gut of adults with shigellosis have been found to persist even
during convalescence (30 days after illness) (Ragib et al, 1995a). Most of these adults
had protein deficiency so that it is possible that their nutritional status influenced the
extent of inflammation. It can, therefore, be hypothesised that with mainutrition and
micronutrient deficiencies, the balance between inflammation and protection is perturbed
in shigellosis.

Thus, some of the key factors in the inflammatory response in shigellosis are activation of
PMNs and release of elastase, apoptosis of macrophages and release of IL.1. All these
responses are influenced by malnutrition and micronutrient deficiencies such as zinc.
PMNs from malnourished children are more polarised (activated) (Azim et al, 1995),
more adherent and show diminished directed migration (Anderson et al, 1983). All these
abnormalities in PMN function are reversible with nutritional recovery (Anderson et al,
1983). The relationship between PMN function and zinc concentrations is more complex
as subnormal concentrations of zinc in the serum induces peak phagocytosis by PMNs
(Lennard, 1980) while excessive zinc inhibits chemotaxis and phagocytosis (Chandra,
1984). Apoptosis of macrophages is inhibited by zinc (Meikle et al, 1996). However, the
effect on [L1 secretion is less clear. In PEM, IL1 secretion is lowered (Bhaskaram and
Shivakumar, 1986) but zinc deficiency does not affect IL 1 levels {Falus et al, 1996)
although the kinetics of IL1 secretion is altered (Flynn et al, 1984). Therefore, it is
possible that supplementation with zinc may modulate the inflammatory response in
shigellosis such that it is beneficial to the host.



The immune response in shigellosis: o o
Recently considerable work has been published on the immune response in shigellosis in
adults (Ragib, 1995c¢; Islam, 1995a) and in children (Azim et al, 19952; 1996a; 1996b;.
1996¢). To summarise, T lymphocytes appear to have a role in protection in shigellosis
as they are activated during the acute infection in both the peripheral blood (Islam et al,
1995) and the gut (Raqib et al, 1994) and patients with AIDS have a more severe illness
(Baskin et al, 1987). The humoral response shows higher antibody levels to all Shigella
antigens in the mucosal versus the systemic compartments and the antibody levels
directly correlate with disease severity so that they may be a marker of infection rather
than protection (Islam et al, 1996). Of the cytokines, IL1[, tumour necrosis factor
(TNF)a, IL6, IL8, are all elevated in stool during the acute illness (Raqib et al, 1995b;,
Azim et al, 1995a) and cytokine levels were found to be higher in patients with more
severe illness. On the other hand, interferon (IFN) v is lowered during acute infection and
levels rise with recovery so that upregulation of IFNy production correlates with
immunity in shigellosis (Ragib et al, 1996). Data from these studies also show that the
immune responses in patients with S. dysenteriae 1 and S. flexneri infection are
quantitatively different so that patients with S. dysenteriae 1 infection who are more
severely ill have a stronger response. Also, the immune responses in patients with S.
dysenteriae 1 and S. flexneri infection are qualitatively different as the phenotype of
PBMs is different in the two groups of patients (Islam et al, 1995b).

We have recently shown that in children with S. flexneri infection with severe
malnutrition (<65% weight-for-age of the National Centre for Health Statistics median) T
cell responses are impaired when compared with better nourished children (Azim et al,
1996a). We found lowered CD4/CDS8 ratios in the peripheral blood, lowered proliferative
responses of peripheral biood mononuclear cells (PBMs) to T cell mitogens
Conconavalin A (ConA) and phytohaemagglutinin (PHA). However, proliferation of
PBMs was lowered only in the presence of autologous plasma suggesting that a factor in
plasma, probably nutritional, rather than a defect in cells themselves was responsible. In
children with S. dysenteriae 1 infection, PHA responses are similarly inhibited in the
presence of autologous plasma {our unpublished data). However, inhibition in children
with §. dysenteriae 1 infection was observed irrespective of weight-for-age rather it
correlated with plasma transferrin levels. Therefore, it is possible that nutritional factors
in the plasma may influence the immune response. It is known that zinc has strong
effects on immunity (Myrvik, 1994). There are a large number of zinc dependent
enzymes and these include enzymes required for transcription and translation. Cells of
the immune system are continuously proliferating and differentiating and require
numerous enzymes that use zinc as a cofactor. Therefore, zinc deficiency results in
impairment of several aspects of the immune system, particularly T cell function. The
effects include thymic atrophy, lowered delayed type hypersensitivity responses, reduced
responses of lymphocytes to mitogens, impaired T cell maturation and impaired
secondary antibody responses (Chandra, 1991; Sanderson and Walker, 1991). Zinc
supplementation can enhance IFNy production (Salas and Kirchner, 1987). It is therefore
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possible that the immune response will be boosted by zinc supplementation during acute
shigellosis.

Effect of nutrition on severity of acute illness and growth following shigellosis.

We found that malnourished children with S. flexneri (Azim et al, 1996a) and §.
dysenteriae 1 infection (our unpublished data) are more severely ill and it is known that
mainourished children with shigellosis have the highest mortality (Bennish and
Woijtyniak, 1991). Also a decrease in linear growth is more common in children with a
history of dysentery (Black et al, 1984; Henry et al, 1987) but this may be prevented by
providing children with a high protein diet during convalescence (Kabir et al, 1993).
Zinc supplementation has been shown to enhance linear growth in children with
malnutrition and in children with acute watery diarrhoea (Behrens et al, 1990; Roy,
1995). Zinc supplementation also reduces the severity and duration of acute watery
diarrhoea (Sazawal et al, 1995) as well as persistent diarrhoea (Tomkins et al, 1993).
Additionally, zinc supplementation improves intestinal permeability in malnourished
children with acute or persistent diarrhoea which could be a reflection of enhanced
mucosal repair (Roy et al, 1992). Similarly, in shigellosis zinc supplementation was
shown to improve intestinal permeability (Alam et al, 1994). These findings strongly
suggest a positive role for zinc in the outcome of acute illness and growth following
shigellosis.

In summary, malnutrition does compromise the immune response to Shigella infection
and if this affects the clinical outcome of the disease, a similar effect may be encountered
with vaccines that are currently under trial for shigellosis (Karnell et al, 1992; Lindberg et
al, 1990). Therefore, micronutrient supplementation may not only enhance the immune
response to natural infection but also to vaccines.

METHODS

Study design: A double blind randomised clinical trial with subsequent follow-up.

Study Population:

Children with dysentery (passage of mucus and/or biood in stools with abdominal pain)
attending the CRSC will initially be enrolled. Of these, only those who fulfil the
specified inclusion and exclusion criteria will be included.

Inclusion criteria:

* moderate malnutrition (weight-for-length 70-80% by Waterlow classification)
e [2-60 months of age

* duration of diarrthoea 0-3 days

¢ culture-confirmed S. dysenteriae 1 in stool on enrolment



Exclusion criteria:

s measles infection in the last six months

e presence of obvious systemic illnesses such as pneumonia, meningitis, septicaemia,
leukemoid reaction, haemolytic uraemic syndrome

« residence beyond a distance requiring more than 2 hours journey from the CRSC

e received zinc supplementation

Children with culture-confirmed S. dysenteriae 1 infection will be randomised into two
treatment groups using a random number table and permuted block lengths of 16. The
two groups are:

Group I zinc and multivitamin

Group I muitivitamin (control}

Double blinding will be done by having identical bottles of syrup labelled with numbers
which will be allocated to the children in the two groups chronologically according to
their serial number within each group. All children with S. dysenteriae 1 infection will
receive pivmecillinum at 60 mg/kg body weight/day in four divided doses for 5 days
along with one of the two syrups. Zinc will be given as 20 mg elemental zinc in two
divided doses daily for two weeks and multivitamins will be given as twice the RDA.
When children are discharged, they will be given the bottles of syrup to drink at home for
up to two weeks from the beginning of supplementation. As the diet of children during
acute shigellosis can influence growth during convalescence (Kabir et al, 1993), all
children will receive a standardised diet of 100-125 kcal and 3-4 g of protein in mixed
food per kg body weight per day during hospitalisation.

Study samples will be collected only from children with culture confirmed S. dysenteriae
1 infection, i.e. approximately 2 days after initial enrolment. Study samples include
venous blood (7 ml), rectal biopsy material (three pinches each approximately 2 mm in
size, using a rectosigmoidoscope), urine and stool and these will be collected before
supplementation and 7 days after supplementation. Blood and stool will also be collected
at convalescence (30 days after the onset of diarrhoea). Children will be followed
monthly for up to 6 months after the onset of diarrhoea to assess growth.

Sample size calculation:

a) Based on linear growth:
Zinc supplementation in patients with acute diarrhoea was shown to increase growth by
11.845.5 (Behrens et al, 1990). Therefore, if a target difference of 30% is to be achieved,

with 5% significance and 80% power, the number of patients to be studied in each group
is 38. ,

b} Based on clinical recovery (duration of illness) with a 25% reduction, 5% significance
and 80% power, the number of patients to be studied in each group is 30.
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¢) Based on immunological responses (lymphocyte proliferation) witkT a20% reduct-ion,
5% significance and 80% power, the number of patients to be studied in each group is 38.

Therefore, 76 (38 X 2) children with S. dysenteriae 1 infection wiil have to be enrolled.
The CRSC surveillance data of 1995 (Fuchs and Faruque, 1995) show that of the children
between 70-80% weight-for-length, 12-60 months of age and with 0-3 days history of
dysentery, 75 had S. dysenteriae 1 infection. Given our strict inclusion criteria,
competition with other ongoing studies and a 15% drop out rate, approximately 18
months will be required to enrol 76 children with S. dysenteriae 1 infection.

Investigations:
The following will be investigated:
Nutritional status:

1. Assessment of growth and growth velocity:

Measurements will include weight, height, triceps skinfold thickness (TSF), bioelectric
impedance assessment (BIA) and knemometry. These will be done before
supplementation, 7 days after supplementation, and every month thereafter for up to 6
months after the onset of diarrhoea. Weights will be obtained to the nearest 10 g using an
electronic digital scale (Secca model 770, Sweden) standardised with a one kg standard
weight prior to each weighing. Recumbent length will be measured in children less than
two years of age using a slideboard infantometer (Harpenden, St. Albans, England). In
older children, standing height will be determined with a locally constructed instrument in
which a metal tape measure is extended between a footplate and head bar. The mean of
two consecutive height measurements to the nearest 0.5 cm will be recorded as the
observed value. Measurements will be compared to the standards according to the NCHS
data and the nutritional status will be assessed by Z score (Hamil et al, 1979; Waterlow et
al, 1977). Percent of median equivalents of standard deviation units will be determined
and categorised according to the system of Waterlow (Waterlow, 1972). Body mass
index (weight/height?) and TSF will also be assessed. BMI results will be compared to
the standardised curves of the National Health and Nutrition Examination Study while
TSF will be compared to standards of Karlberg et al (1968). The mean of two
consecutive measurements for ail indices will be recorded as the observed value. Health
workers will be extensively trained in the anthropometric measurements, and
measurements will be repeated until minimum in-between variance is reached.

Knemometry

Height increments are such that measurements at least 8 weeks apart are required before

height velocity can be accurately assessed (Wales et al, 1994). Portable knemometry by

experienced operators permits far more accurate measurements of the heel-knee length,

enabling meaningful length velocity assessment over shorter periods of time (Michaelson
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et al, 1991). A hand-held electronic knemometer, resembling a pair of callipers will be
used for knee heel measurement. The measuring system is based on a magnetic encoder,
has a digital read-out and a resolution of 0.01 mm. The knee heel length will be recorded
automatically when the pressure applied on the heel reaches a pre-set value. The
measuring will be done by relaxing the child in a supine position. With 90° flexion at
both knee and hip, the left arm of the callipers will be held against the child’s knee. The
knee will be supported with the left hand such that it is not too tight yet not allowing it to
move while pressure is applied to the foot. The foot will be placed on a plate on the right
arm of the callipers, so that the anterior end of the tibia will be parallel to the body of the
callipers. The foot will then be supported by the fingers in the same way as the knee and
increasing pressure will be applied on the right arm of the callipers. The readings will be
recorded automatically when the pressure reaches a pre-set value.

BIA

Reactance and resistance will be measured with a RJL. whole body plethysmograph model
BIA-101. Total body water (TBW) will be calculated according to the formula of Fjeld et
al, (1990) for use in infants in young children:

TBW (kg) = 0.48 + 0.68 (height)2 (cm)/Resistance (ohms)
(SEE = 0.36, r = 0.98).

2. Zinc will be measured in plasma using an atomic absorption photometer. This will be
done prior to supplementation, 7 days after supplementation and at convalescence (30
days after the onset of diarrhoea).

Inflammatory responses:

1. Stool al anti-trypsin will be measured as described before (Alam et al, 1994). This
will be done prior to supplementation, 7 days after supplementation and at
convalescence.

2. C-reactive protein will be measured in plasma as described before (Khan et al, 1995)
on all three sampling days.

3. Quantitation of luminal neutrophils will be done by measuring granulocyte elastase
levels in stool (Handy et al, 1996). This will be done prior to supplementation, 7 days
after supplementation and at convalescence.

4. Inflammatory responses in rectal pinch biopsy material will be ascertained by
immunohistochemistry using a previously described pathological score (Ragqib et al,
1995a). Rectal pinch biopsies will be obtained under direct visual guidance using
limited flexible sigmoidoscopy. Quantitative microscopy of rectal biopsies and the
use of computerised image analysis will be used to characterise epithelial and stromal
constituents as further indices of tissue damage with the help of the Edinburgh group.
This will be done prior to supplementation and 7 days after supplementation.

9



5. iNOS activity will be measured by a spectrophotometric assay using Greiss reaction
for nitrite and nitrate in blood and urine (Kruppa et al, 1992). Immunohistochemical
methods will be used to assess apoptotic cell death (Islam et al, 1997). The former
will be done on three sampling days (prior to supplementation, 7 days after
supplementation and at convalescence) and the latter, in the first two sampling days.

Immune responses: :

1. Phenotype of circulating and gut lymphocytes (Islam et al 1995b; Ragib et al, 1994).
Phenotyping by indirect immunofluorescence will be carried out to determine
proportions of peripheral blood T lymphocytes, B lymphocytes and T lymphocyte
subsets using monoclonal antibodies against CD3 (pan T lymphocytes), CD4
(helper/inducer subset of T lymphocytes), CD8 (suppressor/cytotoxic subset of T
lymphocytes) and CD20 (B lymphocytes) antigens. Additionally, expression of
adherence antigens and activation antigens will be determined using appropriate
monoclonal antibodies (from commercial sources). Phenotyping of PBMs will be
analysed using a fluorescence activated cell sorter (FACS) in Edinburgh. Similar
antigens will be determined in sections prepared from rectal biopsy material. The
rectal biopsy sections will be stained by standard immunocytochemical techniques
(peroxidase, alkaline phosphatase, fluorescence). Phenotyping of PBMs wiil be done
on all three sampling days while that on rectal biopsy material will be done prior to
supplementation and 7 days after supplementation.

2. Proliferation of blood mononuclear cells with Shigella antigens and T cell mitogens
such as Conconavalin A and phytohaemagglutinin (PHA) in the presence of
autologous plasma (Azim et al, 1996a). This will be done prior to supplementation, 7
days after supplementation and at convalescence.

3. Cytokines (IL1, IL8 and IFNy) in plasma, stool and rectal biopsy material (Ragib et al,
1995b). Measurements in plasma and stool will be done by ELISA using
commercially available kits (Endogen, USA and Genzyme, USA) and will be done on
alt three sampling days. Assays on rectal biopsy material will be done by
immunohistochemistry with the help of the Edinburgh group. Assays on rectal biopsy
material will be done before supplementation and 7 days after supplementation using
commercially available reagents.

4. Shigella-specific antibodies (isotype and subclass) in plasma, stooi and rectal biopsy
material (Islam et al, 1996; Azim et al, 1996¢). Measurements in plasma and stool
will be done on all three sampling days but those on rectal biopsy material will be
done before supplementation and 7 days after supplementation.

Severity of acute illness:
1. Clinical evaluation - duration of illness, frequency of stools, presence of blood in

stool, tenesmus, vomiting, fever, appetite, dietary intake, weight changes.
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2. Laboratory investigations- total and differential WBC counts in blood, serum
electrolytes and creatinine concentrations. In stool, microscopy for semiquantitative
estimation of leukocytes and erythrocytes will be done. These will be done on all
three sampling days.

Dietary history following recovery:

Dietary intake assessment will be done weekly for six months following discharge. This
will be carried out by dietary recall in the last 24 hrs. using a questionnaire. The
following will be asked:

amount of food consumed

nature of food consumed

frequency of intake

assessment of fat, protein, energy and micronutrients from the history

Validation of the recall will be done by measuring spoons, bowls and serving pots before
the recall. Individual items will be estimated from recall and compared with portions
already estimated. Nutrient content will then be calculated from the reference food
composition table of this area (Nutrient contents of Indian food. C. Gopalan, National
Institute of Nutrition, Hyderabad, India).

Catch-up growth:
This will be determined by using anthropormetric measures at monthly visits over six
months following discharge by trained health assistants.

ANALYSIS PLAN:

Children of the two study groups will be compared using the Mann Whitney U test (for
non-parametric data). Categorical variabies will be compared by the chi-square statistic.
The Wilcoxon matched-pairs signed rank test will be used to analyse differences over
time in the same group of children. Correlation between clinical and immunological
parameters will be done using Spearman’s correlation coefficient. The inflammatory and
immunological parameters will be correlated with the severity of illness and growth
following recovery in each of the two groups of children.

SIGNIFICANCE AND POTENTIAL IMPACT ON POLICY

This study will provide information regarding the effect of zinc supplementation on
the immune and inflammatory responses and clinical outcome in shigellosis as well as
catch-up growth and morbidity following shigellosis. The results from this study will
have important direct implications in the management of shigellosis and in the
prevention of morbidity following shigellosis. In addition, trials of candidate Shigella
vaccines are now being planned at ICDDR,B. As in natural infection, a vaccine on its
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own, without nutritional rehabilitation, may not elicit a strong immune response in
malnourished children.

TIMEFRAME :

Initial set up

Patient enrolment with follow-up
Laboratory assays

Data analysis and write up -

year 1 year 2

ETHICAL CONSIDERATIONS

The ethical implications of this study are outlined below:

1.

The study will not, in any way, interfere with the management and treatment of the
children. None of the procedures will be harmful and none will result in permanent
physical damage or injury.

Seven ml (7.0 ml) of whole blood will be drawn before supplementation, 7 days after
supplementation and at convalescence (30 days after the onset of diarrhoea) . Thus,
not more than 14 ml will be drawn from any child within a 7-day period. Since all
children will be 12-60 months old, who are expected to have a blood volume of over
400 ml, drawing of a maximum of 14 mi bloed for the purpose of study will not be
detrrmental to the participating children.

Three pinches of rectal biopsies, approximately 2 mm each, will be taken using
fibreoptic, paediatric rectosigmoidoscope before supplementation and 7 days after
supplementation. This is a safe procedure when performed by an experienced
physician. All patients will be hospitalised at the time of biopsy so that if there is
excessive bleeding following biopsy, the patients can be appropriately and promptly
managed. The hospital has its own blood bank and if necessary, immediate blood
transfusion will be provided. The blood bank screens blood for major blood-borne
pathogens including HIV and Hepatitis B.
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BUDGET in US$

Year1 Year 2
T. Azim (30%) 4,067 4,271
S. K. Roy (20%) 4200 4,410
N. H. Alam (5%) 784 823
Research Officer (100% X 2) 9,600 10,250
Health Assistant (100% X 2) 7,200 7,560
Medical Officer (100%) 8,133 8,654
Subtotal 33,984 35,968
Consumables (reagents and plastics) 20,000 21,000
Biopsy charges (US$ 20/endoscopy 1,400 1,400
+US$15 for histopathological
processing of each sample )
Clinical Iab investigations (TC, DC,
stool microscopy, culture, etc.
US$19 per sample) 2,200 2,200
Patient hospitalisation
(US$20/day for 5 days) 4,560 4,560
Rent, communication, utilities_ 3,000 3,000
Fax, email, communication, etc. 500 500
Print and publication 1,000 1,000
Travel
Local (patient follow-up cost) 1,850 1,850
International (UK for~ 2 wk.) 3,500 3,500
Equipment
Liquid nitrogen tank 800
-20°C freezer 800
Laser printer 1,500
Knemometer 5,000
Total (direct cost) 80,094 74,978 S P> ii/q [z
Shamima Moin

JUSTIFICATION FOR BUDGET:

Coniroiier, Budget & Co-iing

1. International travel - Prof. Anne Ferguson will provide help with the histopathology,
immunohistochemistry and assays measuring neutrophil elastase. In addition,
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ICDDR,B does not have fluorescence activated cell sorter (FACS) which will be
required for the phenotyping of peripheral blood mononuclear cells. The FACS in
Edinburgh will therefore be used in this study. Samples stored will be assayed at the
end of the first year and again towards the end of the third year when patient
enrolment is complete. At least two weeks in each trip will be needed for this

purpose.

2. Local travel - approximately US$2 each way will be required for each visit.
Therefore, for weekly visits over three months, i.e. 12 visits for 76 children,
approximately US$3,650 will be needed.

3. Equipment - a liquid nitrogen tank will be needed to store the PBMs and rectal biopsy
samples. A -20°C freezer will be required for storage of plasma and urine samples. A
laser printer will be needed for the computer which is already present. A knemometer
will be required to measure growth velocity.
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APPENDIX I
COMPOSITION OF THE MULTIVITAMIN SYRUP
5ml syrup contains the following:

Vitamin A. 3000 TU

Vitamin D 600 TU
Vitamin Bl 1.2 mg
Riboflavin 2.0mg
Nicotinamide 6.0 mg

Calcium D Panthonate 6.0 mg
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APPENDIX I1
CONSENT FORM

EFFECT OF ZINC SUPPLEMENTATION IN MALNOURISHED CHILDREN
WITH SHIGELLA DYSENTERIAE TYPE 1 INFECTION.

Your child is suffering from blood dysentery which is caused by infection due to a germ
called Shigella. It has been shown that dysentery due to Shigella causes malnutrition and
also decreases the immune response so that children become more susceptible to various
infections. It is thought that improvement in children’s nutritional status by nutritional
supplements during shigellosis helps in improving immunity, promoting rapid recovery
from the acute illness, better growth and health following recovery. One such nutritional &
supplementation could be zine, a micronutrient, which has been shown to help growth of
children following watery diarthoea. In this study, we will study the effect of zinc which
will be given for two weeks with multivitamins and conventional antibiotic therapy, i.e.
pivmecillinum. For this purpose, children with shigellosis will be given either zinc plus
multivitamin or multivitamin alone and the responses in the two groups of children will
be compared. We would like to enrol your child in this study and if you agree to our
proposal, you may expect the following:
1. Your child will be admitted in the research ward of this hospital until his/her
condition permits discharge from the hospital, and during hospitalisation s/he will
receive the usual good care of this hospital.

2. On the day of admission we will ask you questions related to the illness of your child
including history and physical examination, and record all information. We will ask
about medical problems and perform physical examination on your child on each day
s/he remains in this hospital.

3. We will perform some tests which are routinely done at this hospital for such children
which will include microscopic examination and culture of a stool sample.

4. Along with the routine treatment for shigellosis, your child will receive a syrup
containing either zinc with multivitamin or maltivitamin alone. This will have to be
taken twice daily for two weeks. The syrup will provide additional nutrition to your
child. :

5. We will draw 7 ml (<1.5 teaspoonful) of venous blood from your child for special
investigations. Blood will be drawn 2 days after enrolment but before starting the
supplementation, 7 days after the first sample and 30 days after the onset of diarrhoea.
Apart from the discomfort and mild pain involved in taking blood, drawing this
amount of blood will not be harmful for your child. For the second and third samples
of blood, we will ask you to bring your child back to this hospital.
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10.

11.

We will collect urine from your child on the same days that we draw blood for special
investigations.

We will collect three tiny pieces of mucosa, 2 mm each (about 1/4 the size of a grain
of rice), from the rectum of your child for special investigation. This will be done
after pacifying your child by administering diazepam injection in standard dose
through introduction of a flexible paediatric endoscope by one of the investigators
well experienced in performing the procedure. This will not be harmful to your child.
This will be done twice, 2 days after enrolment of your child into the study and 7 days
later. For the second biopsy procedure, we will ask you to bring your child back to
hospital.

After your child has improved and been discharged from hospital we will visit your
home regularly at weekly intervals to assess whether your child is well, to monitor

growth and to ask you questions about the feeding habits of the child. This will be

done for three months.

You are the one to decide participation of your chiid in this study. If your child does
not participate in this study, or even if you withdraw your consent during the study,
s/he will continue to receive the standard care and treatment of this hospital. -

Information obtained from history and the laboratory investigations of your child will
be kept strictly confidential and no one other than the investigators of this study and
the Ethics Committee of this Centre will/can have access to the information.

If you want to know the results of any or all investigations we will happily provide
those to you, subject to their availability. It may be mentioned that some of the tests
will be done long after your child is discharged.

If you agree to our proposal for participation of your child in this study, please put your
signature or left thumb impression at the specified space below:

Thank you for your co-operation.

Signature of the investigator Date:
Signature/LTI of parent/guardian Date:
Signature of the witness Date:
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