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PROJECT SUMMARY: Describe in concise terms, the hypothesis, objectives, and the
relevant background of the project. Describe concisely the experimental design and
research methods for achieving the objectives. Thig description will serve as a
succinct and precise and accurate description of the proposed research is required.
This summary must be understandable and interpretable when removed from the main
application. ( TYPE TEXT WITHIN THE SPACE PROVIDED).

Principal Investigator M. Mujibur Rahman

Project Name: Effect of simultaneous zinc and vitamin A supplements on the
bicavailability of vitamin A in children

Total Budget
Beginning Date : July 1, 1997 Ending Date: July 30, 1998

?rojecb—summar?
i

To examine whether combined zinc and vitamin A supplementation leads to better
health and vitamin A nytrition status as compared with vitamin A supplementation alone,
hso children aged 1 to 3 yr will be studied in a randomized double blind controlled

trial. Children will be randomly assigned to receive either i} vitamin A (200,000 1U,
%ingle dose on day 14), or il) zinc acetate {20 mg, daily for 14 days), or iii) wvitamin
A (200,000 IU, single dose on day 14) plus zinc acetate (20 mg, daily for 14 days), or
iv} placebo. Venous blood will be drawn on admission, day 21, and 3 mo after
Supplementation for MRDR test, serum retinocl, retinol binding protein (RBP), and zinc
assay. A urine sample will be c¢ollected from a subset of children for 3 days after
itamin A supplementation to measure the urinary loss of retinol, if any. Cell mediated
immunity (CMI} will be measured on enrolment and on day 21 using multi-test CMI skin
test. Weight and height measurement will be taken on admission, 1 month and 3 month. The
children will be followed up at home weekly for diarrhea and respiratory tract infection
morbidity (RTI) for a period of 3 mo. The major outcome variables will be pre- and post-
Fupplemencation liver vitamin A stores, serum retinol and RBP, plasma zinc levels, cell
mediated immunity (CMI), morbidity (diarrhea and RTI), and growth (weight and height
gain). Improvement of vitamin A and RBP levels, CMI response, growth, and reduction of
morbidity will be compared among the above 4 groups and also between the vitamin A and
&itamin A+zinc group (to examine the =zinc-vitamin A interaction}. This will be a

‘community study carried out in Bangladesh over a period of 2 years. The estimated budget
is §101,778. ’

(

KEY PERSONNEL (List names of all investigators including PI and their respective
specialties)

Name Profesaional Discipline/Specialty Role in the Project

1. M. M. Rahman, Associate Scientist/Public Health Nutrition - P.I.

2. M. A. Wahed, Associate Scientist/Head Nutr.,Biochemistry, ICDDR,B - Co-Investigator
3. A.H. Bagqui, Scientist/Director MCH-FP Ext Project - Co-Investigator

4. George J Fuchs, Director, Clinical Sciences Division - Consulrant

5. J.0. Alvarez, Prof & Chairman, Dept. of International Health, UAB - Conmsultant
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DESCRIPTION OF THE RESEARCH PROJECT

Hypothesis to be tested:

Concisely list in order, in the space provided, the hypothesis to be tested and the
Specific Aims of the proposed study. Provide the scientific basis of the hypothesis,

critically examining the observarions leading te_the farmularion of the hypathesis

Compared to zinc or vitamin A supplementation alone simultaneous zine and vitamin A
supplementation -

1. will increase the synthesis of retinol binding protein (RBP), improve liver
vitamin A stores and increase serum retinol levels.

will improve growth.

will enhance immunity.

will reduce morbidity.

Zinc supplementation alone will increase the synthesis of RBP

ok W

Specific Aims:

Describe the specific aims of the proposed study. State the specific
parameters, biological functions/ rates/ processes that will be assessed by
specific methods (TYPE WITHIN LIMITS).

1. To evaluate the efficacy of combined vitamin A and zinc supplements in
improving the serum RBP and retinol levels, and liver vitamin A store
{measured by the modified relative dose response (MRDR) test).

2. To measure the effect of vitamin A plus zinc supplementation on the growth
of children.

3. To examine the effect of vitamin A plus zinc supplementation on cell
mediated immunity (CMI).

4. Te evaluate the interaction of vitamin A and zinc on respiratory infection .

5. To examine whether zinc supplementation alone increases the serum

retinol concentraticns compared with placebo.
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Background of the Project including Preliminary
Observations

Describe the relevant background of the proposed study. Discuss the previous
related works on the subject by citing specific references. Describe logically
how the present hypothesis is supported by the relevant background
observations including any preliminary results that may be available.
Critically analyze available knowledge in the field of the proposed study and
discuss the questions and gaps in the knowledge that need to be fulfilled to
achieve the proposed goals. Provide scientific validity of the hypothesis on
the basis of background information. If there is no sufficient information on
the subject, indicate the need to develop new knowledge. Also include the
significance and rationale of the proposed work by specifically discussing how
these -accomplishments will bring benefit to human health in relation to

biomedical, social, and environmental perspectives. (DO NOT EXCEED 5 PAGES, USR
CONTINUATION SHEETS).

Vitamin A deficiency is an important public health problem in developing
countries (WHO 1982, Sommer et al. 1982, WHO 1995). It is one of the most
important causes of blindness in children {Cohen et al. 1985). World-wide, an
estimated ten million children under the age of six years develop some degrees
of xerophthalmia and about a million go blind (Habte, 1989). Other than
blinding malnutrition, vitamin A deficiency is a major cause of morbidity and
mortality in children (Sommer et al. 1983, Sommer et al. 1984,). Even mild
vitamin A deficiency has been associated with an increased rate of infection
(Sommer et al. 1984, Milton et al. 1987}.

Vitamin 2 ) ,

Vitamin A supplémentation either as single large dose or weekly low doses
have substantially reduced mortality in children (Sommer et al. 198§,
Rahmatullah et al. 1990, Hussey and Kellen, 19%0, West et al., 1991). A recent
meta-analysis (Fawzi et al. 1993) showed that wvitamin A supplementation
resulted in a 30% reduction (0dds ratic :0.70, 95% CI:0.56-0.87) in overall
mortality and a 61% reduction in measlies related mortality (odd ratio: 0.39,
5% CI: 0.22-0.66). Vitamin A supplementation hag consistently shown a
reduction of measles relatdd complications (i.e. pneumonia) and mortality
(Elison JB, 19332, Barclay et al. 1987, Hussey et al. 1930, Hussey et al. 1993,
Madhulika et al. 1994},

Risk of diarrhea and respiratory disease were reduced and physical growth
improved in children after large dose of vitamin A supplementation (Lie et al.
1333 ). In contrast, some other studies failed to show a demonstrable effect of
vitamin A suppilementation in reducing disease morbidity (Rahmatullah et al.,
Abdeljaber et al. 1591, Ramakrishnan et al. 1995, Dibley et al. 1996) except in
measles (Hussey and Klein 19950). A recent study has shown that vitamin A

5
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supplementation early in infancy reduced the duration of respiratory infecticn
although incidence of diarrhea and respiratory infections remained same (Rahman
at al. 1996). However, increased CMI response was observed in children whose
vitamin A status improved after supplementation (Rahman et al. 1997).

Considering the public health importance of vitamin A deficiency and the
beneficial effect of vitamin A supplementation on child survival wany
developing countries, including Bangladesh have initiated large dose wvitamin A
supplementation programs as recommended by WHO (WHO, 1982). However, recent
studies in Bangladesh have shown that despite 3 large doses {50,000 I.U each)
at monthly intervals in infants under six months about 60% remain vitamin A
deficient (Rahman et al. 1996, Mahalanabis et al. 1996). Acute respiratory
infection and fever were strongly associated with a deficient vitamin A status
in these post supplemented infants (Rahman et al. 1996). Likely cause of
sustained vitamin A deficiency after supplementation are increased catabolism
of vitamin A or the high retinol excretion in urine that accompanies fever:
{Alvarez et al. 1995, Stephensen et al 1994). Also very recent data from India
and Indonesia showed that wvitamin A supplementation £fails to reduce the
morbidity in children (Ramakrishnan et al. 1995, Dibley et al. 1596}.

Lack of improvement of vitamin A after supplementation may also be due to
the simultaneous deficiency of other micronutrients {such as zinc) which 1limit
the bioavailablity of vitamin A (Solomens et al., 1284, Smith et al. 1980i. In
developing countries where protein energy malnutrition is highly prevalent
multiple micronutrient deficiency wusually co-exists. Hence, vitamin A
supplementation alone fail to improve the vitamin A levels.

%i Jafici

zinc deficiency is alsc a public health problem worldwide (Sandsted =t
al. 1991). Clinical zinc deficiency among infants, children, adolescents. and
pregnant women has been described in both developing countries and
industrialized countries, including the United States (sandsted, 1391).
Experiments in humans and animal models have established the essential role of
zine in many physiologic functions, including immunity, taste acuity, dark
adaptation, wound healing, lipid metabolism, protein synthesis, sexual function
and cognition (Sandsted, 1981, Hambidge, 1986) .

Zinc deficiency is associated with infections such a diarrhea in children
(Tomkins et al. 1993, Kay et al. 1875, Moynahan EJ, 1974). Zinec deficiency is a
cause of childhood growth failure, particularly stunting (Allen, 1994). On‘the
other hand, diarrheal illnesses cause excessive stool zinc losses 1eading§to
deficiency (Castillo-Duran et al. 197%). Hence, there is a vicious cycle. .

zing__aml.emﬁn;:.itign

Several supplementation studies have shown that =zinc supplementation
reduces the severity and duration of diarrhea (sazawal S. et al. 1995),
improves immunity and enhances growth (Castillo-Duran et al. 1587, Ninh et al.
1996 }. The beneficial effects of zinc supplementation has also been observed
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on reduction of incidence of persistent diarrhea and on growth (Sazawal S. et
al., 1996, Roy SK, personal communication} .

Zinc supplementation has been shown to increase growth in children in a
number of studies (Walravens et al. 1983, Simmer et al.1988,Schlesinger et al.
1992, Khanum et al. 1988) . However, some other studies failed to demonstrate a
beneficial effect of zinc on growth (Hemalatha et al 1933, Mahalanabis D,
personal communication) .

Impaired immune function has been documented in zinc deficiency
{Schlesinger - et al. 1974, Suskind 1977, Beisel et al. 1981} . Zinc
supplementation has been shown to reverse the immune functions such as
leukocyte function and cell mediated immunity (Weston et al. 1377, Allen et al.
1981, Schlesinger et al. 1992).

Existi Dat Zinc- v in A int .

An understanding of the interaction between zinc and vitamin A has been
only recently elucidated {Smith JC, 1980, Solomons NW 1380). The role of other
nicronutfients such as zinec “on vitamin A metabolism was first suspected in
1939 when Patek et al. observed that certain cirrhotic patients with impaired
dark adaptation did not improve after vitamin A therapy. It is probable that
these patients had zinc deficiency (Halsted JA et a. 1968) . After several
years, Valle et al. suggested a possible metabolic relationship between zing
and vitamin A (Vallee et al. 1956, Valle et al. 1957). The basis for this
relationship were : 1). Zinc is an integral part of the metalloenzyme alecohol
dehydrogenase in yeast and horse liver (Valley et 1957). 2). The eye (a target
site of vitamin A metabolism) is one of the highest zint containing organs in
the body (Underwood et al. 1977). 3). Zinc-deficient swine showed low serum
vitamin A, which was not reversed by vitamin A therapy (Stevenson & Barle
1956) .

Animal studies

zine deficiency has been accompanied by a depression of circulating
retinol in a number of mammalian species including swine (Stevenson et al.
1956), lambs (Smith JC et al. 1977), and rats (Smith JC et al. 1973, Smith JE
et al. 1974, Brown ED et al., 1976, Smith JC Jr et al. 1976, Carney SM et al.,
1976, and Duncan et al. 1978). Vitamin A supplementation alone failed to revert
this vitamin A deficiency. However, after giving either zinc supplementation or
zine containing diets, the vitamin A levels in those animals improved,

. suggesting that the low vitamin A levels were related to the zinc deficiency

{Stevenson et al. 1957, smith et al. 1973, Ette et al.1973). Ellen et al.
{1975) demonstrated that in zinc depleted rats , plasma vitamin A concentration
returned to normal after 6 days of repletion with a zinc sufficient diet.

The essentialness of zinc for mobilization of vitamin A was extensively
studied by Smith et al. (1973). Using both germ-free and conventional rats,
Smith et al. demonstrated that animals fed a zinc-deficient vitamin A diet had
plasma vitamin A concentrations nearly 50% lower than rats fed a zinc-adequate

7



diet. Vitamin A supplementation alone did not revert the plasma wvitamin A
levels to normal. Vitamin A, but without zinc supplementation, only resulted an
accumulation of vitamin A in the liver., However, zinc tﬁerapy alone for 14 days
resulted in an increase of plasma retinol levels to within normal range with a
concomitant decrease in liver vitamin A concentration. These findings suggest
the important role of zine in mobilization of vitamin A from liver to the
plasma, as well as in the maintenance of normal serum retinol concentrations.

The postulation that zinc deficiency interferes with vitamin A metabolism
was further supported by the simultanecus reduction of retinol binding protein
"(RBP), a specific transport protein essential for vitamin A transport. RBP is
consistently low in both plasma and liver in zinc deficient animals (Smith GE
et al. 1974, Smith et al. 1980, Sclomons et al. 1980) which suggests that the
low plasma vitamin A levels in the zinc deficiency might be due to an impaired
ability of the deficient rat to mobilize hepatic vitamin A in the form of
retinol-RBP complex (Smith JE 1974) .. A recent study {(Mobarhan et al. 1992) has
demonstrated that =zinc deficiency reduces hepatlc cellular . retinol binding
protein (cRBP) in rat, again indicating that” zinc is an essential element for
intra-cellular transport of vitamin A, in addition to its well-established role
in the intercellular transport of vitamin A.

Human gtudies

Unlike animal studies, data on zinc-vitamin A interaction in human is
limited. Most studies of zinc-vitamin A interactions in humans have been in
adult patients with liver or pancreatic diseases.

In 1939, Patek and Haig first reported several cirrhotic patients with
abnormal dark adaptation who were resistant to vitamin A therapy. Valle et al.
{1957} suggested that the poor response to vitamin A therapy in certain
cirrhotic patients was due to altered zinc metabolism characteristic of that
condition; both serum and liver zinc levels are known to be low in patients
with cirrhosis (Valle et al. 1956, Halsted et al. 1968).

Morrison et al. (1578) studied five alcoholic cirrhotic whoe had low serum
zinc concentration and abnormal dark adaptation. Two patients were first
treated with oral vitamin A alone for two to four weeks with an unsatisfactory
response. However, after the -addition of oral zinc sulfate (220 mg/d) for one
to two weeks, their final dark adaptation thresholds returned to normal. There
were also three patients who were treated with zinc sulfate without prior
vitamin A therapy, and they alsc responded with normal dark adaptation tests.
In another study by Russel et al. (1978), two of the 12 cirrhotie patients with
abnormal dark adaptation treated with vitamin A did not improve. Serum zinc
concentrations of these two patients were low (< 65 ug/dl). When zinc (220 mg
per day) was given, the dark adaptation became normal after one week.

Smith et al. (1977) suggested that cystic fibrosis patients exhibited
several anomalies of the vitamin A and zinc metabolism as seen in deficient
animals, including low blood 1levels despite vitamin A supplementation and
adequate liver vitamin A stores . This anomaly suggested a defect in the
transport of the vitamin A from hepatic stores to the periphery {Smith et al.
1372). A reduced circulatory retinol and RBP, and significant correlacion



between the two, have subsequently been demonstrated in cystic fibrosis patient
{Smith et 1972, Jacob et al. 1978).

Palin et al. (1979) supplemented cystic fibrosis patients with zinc
sulfate which resulted in no effect on taste acuity, serum zine, or vitamin A
concentration. However, this was not totally wunexpected as no preexisting
evidence of zinc deficiency was identified in any of the patients.

The situation with respect to protein energy malnutrition is much more
complex than in hepatic or pancreatic diseases and the data less easily
interpreted. There seems’ to be an synergistic relationship between PEM and
vitamin A deficiency leading to more severe ocular manifestations (Oomen et al.
1976) . In PEM children, there is defective synthesis or release of RBP (Smith
et al. 1873, Smith et al. 1%75) which might prevent the improvement of serum
retinol levels despite supplementatiof.e 2inc 1is essential for protein
synthesis (Terhune et al. 1972} which suggests that RBP is one of the hepatic
proteins most sensitive to zinc defi¢iency. Several studies have found low
plasma zinc in PEM (Smith et al. 1964, Sandstead 1965, Hansen et al.1969, Kumax
& Rao 1973,Kutumbale et al. 1976). The earlier report by Smith et al. (1973)
showed a significant correlation between zinc and vitamin A in the plasma of
children. A later study in 74 preschool children {(Denver Head Start Program)
found no correlation between plasma zinc and serum retinol level (Hambidge et
al. 1976). However, plasma zinc was low in 34% of the children and a near
equal percentage (35%) had either low or deficient levels of serum retincl.
Henkin and Smith (1972)found that serum zinc, vitamin A, RBP, and pre-albumin
were depressed in viral Thepatitis patients. However, no significant
correlation between zinc and vitamin A was found. In contrast, serum zinc and
RBP ‘were significantly correlated although the correlation cecefficient was low
(r=0.288) . .

Shingwekar et al. (1979} studied the effect of zinc supplementation on
plasma RBP and vitamin A levels in Indian children with vitamin A deficiency
and PEM. Forty mg of zinc was given to PEM children for 5 days and 10 days to
vitamin A deficient children. Initial mean plasma zinc concentrations was 57
ug/dl in PEM children and 71 ug/dl in vitamin A deficient children. In the
vitamin A deficient group, the plasma retinol and RBP increased slightly, but
not significantly. However, improvement of both the parameters were significant’
in the PEM group. In contrast, a recent study in Thailand failed to demonstrate
an interaction between zinc and vitamin A on the improvement of RBP and retinol
(Udomkesmalee et al. 1992). A major difference was. that the malnourished Indian
children were more severely deficient in zinc and vitamin A compared with the
Thai children.

Animal studies have consistently showed a reduction of plasma vitamin A
contentrations in zinc deficient animals. RBP which is essential for vitamin A
transport was low both in liver and plasma suggesting a defect in vitamin A

transport in zinc deficient animals. Supplementation studies clearly
demonstrated that zinc supplementation improve the mobilization of vitamin A
frem liver to the circulation. “Human studies suggested that zine

supplementation is beneficial to vitamin A metabolism in conditions where zinc
deficiency is prevalent. Most of those studies were done in adults with liver,
pancreas and other diseases. In children, the data are limited and definitive
clinical studies in children are needed in order to precisely ascertain the
beneficial effects of a combined therapy using zinc and vitamin A.

9
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Significance and Rationale: In developing countries where protein energy
malnutrition is highly prevalent, children usually suffer from mulitiple
micronutrient deficiencies, particularly zinec deficiency (Sandstead et al.
1965; Hansen et al. 1969; Kumar et al. 1973, Xutumbale et al. 1976) and vitamin
A deficiency (Cohen et al. 1985). In Bangladesh more than 90% of children
suffer from varying degree of PEM; 6.5% being severely malnourished (weight/age
<60%) (Bangladesh Bureau of Statistics, 1992). These children are therefore
likely to have vitamin A deficiency as well as zinc deficiency. Recent report
from Bangladesh have shown that more than 60% of children remain vitamin A
deficient despite large doses of vitamin A supplementation (Rahman et al. 1995;
Rahman et al. 1996, Mahalanabis et al. 1997). Silmultaneous zinc deficiency may
be the cause for the failure to improve vitamin A status in children. Although
the interacticn between vitamin A zinc has been shown in several animal and
human studies {Smith et al. 1980; Solomons et al. 1280) the role of zinc on
vitamin A metabolism has not been precisely examined in children. The present
study will examine the role of simultanecus administration of zine with vitamin
A on improvement vitamin A status, immunity, growth and on RTI reduction and
also the effect of only zinc supplementation-on vitamin A metabolism. If the
results of this study show that simultaneous zinc and vitamin A supplementation
significantly improve the vitamin A status, immunity, growth and reduce
morbidity in children as compared to conventional vitamin A supplementation, it
will lead to a new strategy for combined zinc-vitamin A supplementation instead
of vitamin A supplementation alone. Such a finding would have important
clinical and public health implications.

10



Research Design and Methods

Describe in detail the methods and procedures that will be used to accomplish
the objectives and specific aims of the project. Discuss the alternative
methods that are available and justify the use of the method proposed in the
study. Justify the scientifie wvalidity of the methodological approach
{(biomedical, social, or environmental} as an investigation tool to achieve the
specific aims. Discuss the limitations and difficulties of the proposed
procedures and sufficiently Jjustify the use of them. Discuss the ethical
issues related to biomedical and social research for employing special
procedures, such as invasive procedures in sick children, use of isotopes or
any other hazardous materials, or social questionnaires relating to individual
privacy. Point out safety procedures to be observed for protection of
individuals during any situations or materials that may be injurious to human
health. The methodology section should be sufficiently descriptive to allow

the reviewers to make valid and unambiguous assessment of the project. (oo xor
EXCEED TEN PAGES, USE CONTINUATION SHEETS) .

Study degign: Double blind randomized controlled trial.

Children will be randomized to receive either of the followings:

aj. Vitamin A
by . Zinc
c). Zing¢+vitamin A
d). Placebo
Brotocel layout
Admisaion (d0) day 21 1 mo 3 mo
Supplementation Zinc (20 mg/d for 14 days/or vitamin A (200,000 IU

single dose on day 14)
Modified relative dose
response {MRDR) test
(retinol, RBP,
C-reactive protein,and
zinc assay) X X X

Anthropometry X X X X
{Weight, height)

M1 test X X

Morbidity Weekly home visits for 31 months

11



In a subset of children (20 receiving vitamin A and 20 receiving vitamin A plus
zinc} urinary retinol and zinc will be measured for 8 hour daily for 3 days after
supplementation. They will be randomized separately.

b3 ] .

Eligibility criteria:

Age: 12 mo to 36 mo
Sex: Either

Exclusion criteria:

aj). Presence of systemic infection such as diarrhea/dysentery, respiratory

tract infection with or without fever, measles and other diseases requiring

hospitalization at the time of enrolment (or during the preceeding 1 week).

b} . Presence of clinical signs/symptom of vitamin A deficiency (e.g. night

blindness, conjunctival xerosisg, corneal ulcer, and xerophthalmia)

c) . Presence of clinical signs of zinc deficiency (skin ulcer and
excoriation) . .

d) . Children with wt/age (% NCHS median) less 50% .or with edema.

e). Received vitamin A capsule within last 6 months.

Qutcome wvarjiables:

Major

al. Pre and post supplementation serum retinol binding protein (RBP}.

b}. Pre and post supplementation MRDR values and serum retinol levels.

c). Pre and post supplementation serum zinc levels. . '

d} . Respiratory infections morbidity during post supplementation _ae
follow up periocd. ;

e} CeIl mediated immunity.

£}. Weight and height gain. fx%

Minor:

al. Urinary loss of retinol and zinc.

by . Diarrhea morbidity.

Broject area

The study will be implemented in Bangladesh where vitamin A deficiency is
a major public health problem (Cohen et al. 1985, WHO 1995). More than 90% of
children in Bangladesh suffer from varying degree of protein energy
malnutrition (PEM): &.5% being severely malnourished (wt/age < 60%, NCHS
median) (Bangladesh Bureau of Statistiecs, 1992). Although the prevalence data
on zinc deficiency in Bangladesh is not available, from the high prevalence of
PEM it is conceivable that zinc deficiency will be highly prevalent. Children

12



living in the urban slums of Dhaka, the capital city of BRangladesh will be
studied.

Vitamin A deficiency in Bangladesh

A large-scale national blindness survey (1982-83) provided the most up-
todate estimate of vitamin A deficiency (VAD} in the country. Rural areas had
the following rates of c¢linical xercphthalmia: XN=3.6%, X1B=0.9%, corneal
involvement=0.1%. Urban slum areas:XN=2.8%, X1B=1.6%, corneal involvement=0.2%.
The total xerophthalmia rate was 4.6%. The sample design was proportional to
the population distribution, found primarily in rural areas, and thus was
similar to the overall rates which were: XN=3.5%, X1B=1.0%, corneal
involvement=0.1%. This translates to 11 cases per 10,000 or 11 times greater
than what WHO considers to be a severe public health problem. Biochemical data
from Matlab (1990} found 20% of preschool children to have serum retinol levels
< .35 umecl/1.

Zinc deficiency in Bangladesh

There is no national data on the prevalence of zinc deficiency in
Bangladseh. However, c¢linic hased data have shown that 45% children attending
ICDDR,B hospital (coming from urban and peri-urban community for treatment of
diarrhea) are zinc deficient when serum zinc. was taken as an indicator {SK Roy,
personal communication). In Bangladesh more than 90% of children suffer from
varying degree of PEM; 6.5% being severely malnourished (weight/age < 60%)
(Bangladesh Bureau of Statistics, 1992). From the high prevalence of PEM it is
conceivable that the prevalence of zinc deficiency in Bangladesh would ke high.

Sample size

Total sample size will be 460. Sample size was calculated based on all
the outcome .variables and the maximum number was considered as the total sample
(Annex 2).

Congent

Informed consent will be obtained from the parents of all eligible
children. The study procedures (supplementation, blood drawing, risk inveolved
and their rights and responsibilities) will be explained in details to the
parents and they will read the consent form. The children whose parents will
give written consent will be enrolled for the study.

Ireatment allocation (Randomization)

All eligible children will be randomized to receive either i). wvitamin A
{200,000 IU single dose on day 1l4), or ii}. zinc acetate, 20 mg elemental zinc
{2XRDA} daily for 14 days, or 1iii) zinc acetate (20 mg elemental zn daily for
14 days) plus vitamin A (200,000 IU gsingle dose on day 14}, or iv) placebo.

Bleck randomization will be used to assign approximately an equal number of
chiidren intd each groups. All enrolled children will be given serially
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arranged identity numbers. The supplementation preparation in test and placebo
groups will be identical in appearance and will be packaged in identical small
dark containers so that these are protected from light. The containers will be
arranged in sequence of drugs or placebo that correspond to randomization
numbers. These numbered containers which correspond to I.D. (identity number)
of the prospective children under study will then be assigned to children
according to the container humber. The master randomization list will bhe sealed
and kept safely with a responsible person at ICDDR,B who is not related to the
study in any way.

Traini £ the P y

After recruitment all the research health assistants and physician will
be given practical training regarding subject enrolment, data collection, case
detection, management and referral. The " trainihg will be provided by the
ICDDR,B. The training will be evaluated by pre- and post-test. Periedic
evaluation and refresher training will be given every & months.

« The physician will conduct baseline physical examination, and subsequent
management of patients. He/she will draw blood for MRDR test and supervise the
health assistants at the field level.

The health assistants will recruit children in the study, take the
history and fill the data forms, carry out the MRDR and CMI test and measure
anthropometry and do the morbidity follow up.

Devel 1 field ; £ j

The data collection instruments (forms) will be designed before beginning
of the study. They will be field tested, revalidated and revised according to

the pretest. Same forms, and instruments {weight and height machine) will ke
used throughout the study.

Supplementation procedure

Supplementation will be given daily for 14 days. A study health worker
will administer the medication.

Blood collection

Modified Relative Dose Response (MRDR} test will be done on enrolment, day
21 and 3 months. Each time 2 ml venous blood will be obtained. Serum retinol,
REP, and plasma zinc will be measured from the same samples. The sample for
retinol assay will be collected in a zinc free container container (to avoid
contamination) wrapped with black carbon paper te avoid light. Blood samples
will be transported to ICDDR,B Laboratory within an hour where it will be
centrifuged and serums will be seperated for serum retinol (Al and A2}, RBP, C-
reactive protein, and zinc {in a zinc free container). The samples will be
preserved at -70° C until analysis. '
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Relative dose response (RDR} and modified relative dose response (MRDR)
test are used to indirectly measure the liver wvitamin A stores and are
indicators of marginal vitamin A deficiency {(Flores et al. 1984, Tanuminhardijo
et al. 1990). Serum retinol concentrations, although hcmecstatically controlled
over a broad range of liver reserves, can be significantly affected by
infections and other nutrient deficiencies. Therefore, RDR and MRDR test were
developed to ascertain whether liver reserves are adequate. MRDR test offers
seveéral technical advantage over other asgsessment procedures such as, it
requires only one blood sample, it is highly responsive to therapeutic doses of
vitamin A and can be used for evaluating the effects of intervention programs
in population (Tanuminhadjo et al. 1996, Tanuminhardjo et al. 1996 b»). In
comparison with the measurement of serum retinel concentrations only, the MRDR
test is better able to discriminate between vigfamin A adequacy and inadeguacy
(Tanuminhadio et al. 19%6, Tanuminhardjo et al. . 1996 b). Indeed MRDR test
provides both a response ratic as well as’ an initial serum retinol
concentration. In Bangladesh, however, the MRDR test proved less reliable,
possibly because of low dose of 3,4-didehydroreinyl acetate (DRA} used for the
MRDR test (Wahed et al. 1995). However, Tonuminhardijoc et al. (1996) refined and
revalidated MRDR test using different DRA doses and suggested a simplified MRDR
test with standard doses for different age groups which is higher than the
earlier dose (Tanuminhardjo et al. 1996 b). A dose of 5.3 pumol DRA has been
recommended for children younger than 6 years.

In a vitamin A-depleted state, apo-retinol binding protein (RBP}
accumulates in the liver because of a lack of free retinol in liver cells with
which to combine. After a small oral dose of DRA is administered, DRA 1is
hydrelyzed in the gut to 3,4-didehydro retinol (DR}, absorbed, and then
reesterified, mainly with palmitic 'acid, in intestinal mucosal cells. When DR
esters reach the liver on chylomicron remnants, they are hydrolyzed to the
alechol, which in turn is bound to accumulated apo-RBP in liver cells and
secreted into the plasma as the holo-DR-RBP complex. A single blood sample
taken an appropriate time after dosing can be analyzed, and a DR to retinol (R)
can be calculated (MRDR ratieo). In developing countries, a mclar DR:R of ¢.06
is provisionally used as a cutoff to indicate a marginal vitamin A status. This
cutoff ratio is based on the responses of subjects to large doses of vitamin A.

Oral dosing material and MRDR test

DRA was synthesized from retinoic acid (Barua et al. 1972, Tanuminhardjo
et al. 1989}. The compound was carefully purified on an 8%-water-deactivated
alumina <¢olumn and dissclved directly into 100% corn oil by sonication. An
appropriate working dilution was made with corn oil to dose the children with a
volume of 200 pL oil.

The MRDR test procedure has been described elsewhere (Tanuminhardije,
15%6) . Briefly, the MRDR test will be performed by giving a single oral dose of
5.3 umol DRA dissolved in corn oil (Tanuminhardjo et al. 1996 b). High-fat, low
vitamin A-concaining snacks (i.e. fried potato or ice cream) will be provided
after dosing to ensure absorption of the DRA. 5 hours after the DRA dose blood
samples will be drawn from an antecubital vein.

15



Laboratoxry analysis

Samples will be analysed in the ICDDR,B Nutrition & Biochemistry
laboratory.

Retinol and DR will be measured by High Performance Liquid
Chromatography (HPLC) (Wahed et al. 1995).

Retinol-binding protein (RBP) will be measured by “radial
immunodiffusion using a commercially available kit from Behring
Diagnostics (La Jolla, CA).

Zinc will be determined by atomic absorption spectrophotometric method
{ROAC) .

C-reactive protein will be measured by Turbidimetry method. '
Morbidity d ]

Diarrhea and respiratory infection morkidity will be collected by weekly
home visits for a total of 3 months.

Definiti

Diarrhea

Diarrhea will be defined as 3 or more liquid steools in 24 hours (for = 1
day) or passage of bloody stool of any frequency. The exact number of days that
the children experienced watery, mucoid or bloody stools will be recorded. If
only watery type of stools occur throughout the episode, it will be recorded as
watery diarrhea, while the presence of blood and mucus in any stool during the
episode will be considered as dysentery.

Respiratory infection

Fever, c¢ough, fast breathing and chest indrawing will be recorded
separately. Lower respiratory tract infection will be defined as cough
(difficult breathing), and fast breathing (2 50 breaths per minute in a child

aged « 1 year; 240 breaths per minute in a child >12 months) with or without
chest indrawing (WHO, 1993).

Episode

Three ©or more symptom-free days will be considered to differentiate a new
apiscde from the previous one.
Casa panagement-

Once diagnosed, all children will be treated for diarrhea and respiratory
tract infections. Diarrhea will be treated with oral rehydration solution (ORS)
at home. Children with dysentery will be given appropriate antibiotics. Those
who needs intravenous fluid will be referred to the ICDDR,B hospital.
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Respiratory tract infections will be treated with oral antibiotics. Those
with severe illness (e.g. respiratory distress, inability to eat, 1lethargy,
convulsions etc.) will be referred to ICDDR,B or Children's Hospital.

Research health assistants will detect the cases and provide ORS.

Children requiring antibiotics and further treatment will be seen by the
physician.

Anthropometry data

Weight and height will be measured on admission and at the end of
3J-month follow up. The weight will be measured with a portable electronic
balance with a precision of 10 g (Secca, Germany). Length will be measured
uging a locally maid pediatric length board with a precision of 1 mm. Supine
length will be taken in children less than or equal to 2 vyears of age and for
older (» 2 yrs) children standing height will.be measured using a .vertical
height board of same precision. :

The multi-test CMI

The method for measuring cell mediated immunity is based on the delayed
type hypersensitivity test and has been described elsewhere (Corriel et al.
1985, Black et al, 1989). Briefly, the Multi-test CMI (Institute Merieux,
Lyon, France) is a plastic applicator consisting of eight sterile test heads
preloaded with sewven glycerinated tests antigens and a 70% glycerin-saline
negative control. The test antigens are tetanus toxoid, diphtheria toxoid,
streptococcus, tuberculin (PPD), candida, trichophyton, and proteus antigens.
The multi-test CMI will be applied through tightened skin on the volar surface
of each forearm. Test heads 1 to 4 (tetanus, diphtheria, streptococcus and
tuberculin} will be applied to the left arm and test 5-8 (control, candida,
trichophyton and proteus) will be applied to the right arm. The average of
maximum horizontal and vertical induration will be taken as the induration for
a particular test. The CMI test will be performed on enrolment and 21 days.

Uri 11 .

40 children will be separately randomized (20 in vitamin A and 20 in
vitamin A plus zinc group). A health worker will observe the child at home
during 8 h at day time (9 am to S pmland will collect urine using pediatric
urine collection (PUC)' bags for 3 days after supplementation. Only male
children will be recruited to ensure proper and complete urine collecticn. The
samples will be preserved at -70° C until analysis.

Rata management

Base-line data, morbidity, growth data and data of serum and urine
retinol, RBP and plasma zinc will be recorded in pretested forms. Forms will be
checked by health assistants in the field for completeneas and for obvicus
mistakes, and errors will be corrected on the spot. In 10% of cases, data
collection will be repeated by ocne of the investigators and if any error
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detected will be corrected. After completion, each form will be visually
checked by one of the investigators for completeness and will then be sent to
the data entry technicians. For the sake of standardization any intra-observer
and inter observer variations will be monitored on a monthly basis. Monthly
meetings will review the prcgress of work and any problems arising in the field
work. The same forms, equipments, definitions and methods will be used
throughout the study period. Data will be entered twice (using interactive
checks), each time by a different person and will be compared. Then the data
will be checked by the data manager by logical and range checks.

Study Schedule
0-3 months: Recruitment and training of study personnel; development of
* study materials and field testing of study materials;
procurement of supplies.
4-18 months: Conduction of supplementation, data collection and
data checking; monitoring and quality control.
19-24 months: Finish laboratory assay, data analysis and

preparation of manuscripts and reports.
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Facilities Available

Describe the availability of physical facilities at the place where the study
will be carried cut. For c¢linical and laboratory-based studies, indicate the
provision of hospital and other types of patient’s care facilities and
adequate laboratory support. Point out the laboratory facilities and major
equipments that will be required for the study. For field studies, describe

the field area including its size, population, and means of communications.
(TYPE WITHIN THE PROVIDED SPACE).

f

FACILITIES AVAILABLE

The study will be carried by the International Center for Diarrheal
Disease Research,. Bangladesh (ICDDR,B). The existing facilities of the
urban MCH-FP Extension project of ICDDR,B that conducts operational
research and provide assistance to agencies of the Govermment of
Bangladesh and to NGOs through a partnership effort as the “URBAN MCH-FP
Initiative” will be utilized. The urban MCH-FP extension project has
surveillance system and we will use those to identify our subjects.
The study site will be Lalbagh and we will study the children in slums
belonging to the Urban MCH-FP surveillance. Lalbagh is in the older part
of the Dhaka metropolitan city. The means of communication from that area
is car, aute rickshaw and rickshaw. It takes lesgs than half hour to
reach the center from Lalbagh area by baby taxi or car.
The laboratory analysis of blood samples will be done in the Nutrion and
Biochemistry laboratory of ICDDR,B. This laboratory has facilities for
analysing many macro and micronutrients including retinol, zinc and iron.
ICDDR,B Laboratory has been measuring zinc and retinol since 1977 and. has
been participating in the ¢uality control program of NIST, HPLC, atomic
absorption spectrophotometry, and ' Radial immunodiffusion kits (for
measuring retinol, zinc, and RBP respectively) are available at ICDDR,B.
Physician to examine and treat the study children, and health
worker for collecting and recording data will be hired.
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Data Analysis

Describe plans for data analysis. Indicate whether data will be analyzed
by the investigators themselves or by other professionals. Specify what
statistical softwares packages will be used and if the study is
blinded, when the code will be opened. For clinical trials, indicate

if interim data analysis will be required to monitor further progress
of the study. (TYPE WITHIN THE PROVIDED SPACE}.

DATA ANALYSIS

Initial statistical analysis will include descriptive methods such as
means, median, standard deviations, frequency distributions, scatter
plots afid cross tabulations. After evaluating base-line data for
comparability, plasma zinc, serum RBP and retinol levels, proportion of
children with abnormal MRDR ({vitamin A deficiency), will be compared
among various groups particularly between vitamin A vs. vitamin A plus
zinc group to examine the =zinc wvitamin A interaction. Proportion of
children with positive CMI tests will be ccmpared among varigQus groups.
Similarly morbidity {episodes/child-year and cumulative days with LRI}
will be compared. Length increment per 100 e¢m of initial length and
weight increment per kg of the initial weight will be compared between
different groups. Height/Length for age, weight for age, and weight for
height/length will be caleculated using the NCHS standard. The mean 2-
scores will be compared between the vitamin A and vitamin A+Zinc groups
as well as with placebo. The statistical difference will be compared
using Student's t-test for normally distributed data and Mann-Whitney
test for skewed data. For categorlcal data, Chi-squared.test will be
done. Stratified analys:.s will be done’ by Mantel-Haenszel Chi- square
test. Multiple linear regression analysis will be done to see the effect
of confounders (baseline nutritional status, breastfeeding, and serum
retinol, zinc and C-reactive protein) on serum retinol and RBP. Finally a
multiple logistic regression analysis will be done to examine the effect
of various factors on diarrhea and RTI risk.




Ethical Assurance for Protection of Human Rights

Describe in the space provided the justifications for conducting this research
in human subjects. If the study needs observations on sick individuals,
provide sufficient reascons for using them. Indicate how subject’'s rights are
protected and if there is any benefit or risk to each subject of the study.

12. ETHICAL ASSURANCE FOR PROTECTING HUMAN RIGHTS

Vitamin A and zinc supplementation with the proposed dose are safe in
children. There is no physical, psychological or social risk involved either
from zinc/vitamin A supplementation or from blood drawing, CMI testing,
weight/height measurement and collection of information on morbidity.

On the other hand, if the hypothesis proves correct, the potential impact
on child survival programs is immense.: The addition Of =zinec to wvitamin A
supplementation programs currently in place ndt only in Bangladesh but
worldwide will result in a significant increase in cost/benefit ratio and will
greatly reduce morbidity and mortality among infants and children.

The information about the identity will be kept confidential with the
principal investigator. Data will be used for publication for scientific
purposes. However, +the information about the indiwvidual’'s identity will not be
disclosed. The results will be published as a group without menticning the name
and address of the subject.

The children can be withdrawn from the study any time by the the
parents/guardians if they want so.
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Use of Animals

Describe in the space provided the type and species of animal that will be
used in the study. Justify with reasons the use of particular animal species

in the experiment and the compliance of the animal ethical -guidelines for
conducting the proposed procedures.

Not applicable
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Literature Cited

Identify all cited references to published literature in the text by number in
parentheses. List all cited references sequentially as they appear in the
text. For unpublished references, providé complete information in the text and
do not include them in the list of Literature Cited. There is no page limit

for this section, however exercise judgment in assessing the “standard”
length.

Literature Ravieaew

Abdeljaber MH., Monto AS., Tilden RL, Schork MA, Tarwotjo I. (1991).
The impact of wvitamin A supplementation on mortality: a randomized
community intervention trial. Am J Public Health. 81:1654-6.

Allen JI, Xay NE, McClain CJ (1981). Severe zinc deficiency in humans

:association with a reversible T-lymphocyte dysfunction. Ann Intern
Med. 95:154-7.

Alvarez JO, Salazar E, Kohatsu J, Mirnmada P, Stephensen CB (199S).
Urinary excretion of vitamin A in children with acute diarrhea.
Am J Clin Nutr. 61:1273-6.
Bangladesh Bureau of Health Statisties (1992). Report of the child
nutrtional status survey 1989-90. Peoples republic of Bangladesh.

¥
Barclay AJ, Foster A, Sommer A. Vitamin A supplements and mortality
related to measles: a randomized clinical trial. Br Med J Clin Res
Ed. 294 (6567) :294-6, 1987.

Barua AB, Ghosh MC. Preparation and properties of 4-oxo-retinoic acid
and its methylester (1972). Tetrahedron Lett 18:1823-5.

Beaton GH, Marotell R, Abbe KAL, Edmonston B et al. (1993).
Effectiveness of vitamin A supplementation in control of young
childhood morbidity and mortality in developing countries. SCN News
{9y, 17-27,

Beisel WR, Edelman R, Nauss K, Suskind RM (1981} . Single-nutrient
effects on immunclogic functions JAMA. 245:53-8.

Black RE, Lanata CF, Lazo F (1989). Delayed cutaneous
hypersensitivity: epidemiclogic factors affecting and usefulness in

predicting diarrheal incidence in young Peruvian children. Pediatr
Infect Dis J. 8:210-5.

Brown ED, Chan W, Smith JC Jr. (1976}. Vitamin A metabolism during
the repletion of zinc deficient rats. J Nutr 106:563-8.

23



Carney SM, Underwood BA, Loerch JD. (1976). Effects of zinc and
vitamin A deficient diets on the hepatic mobilization and urinary
excretion of vitamin A in rats. J Nutr. 106:1773-81.

Castillo-Duran C, Heresi G, Fiskberg M, Uauy R (1987). Controlled trial
of zine supplementation during recovery from malnutrition: effects on
growth and immune function. Am J Clin Nutr. 45{(3):602-8.

Cohen M, Rahman H, Spregue J., Jalil M.A., Leemhuis de Regt E., Mitra
M. (1985). Prevalence and determinats of nutritional klindness in
Bangladesh children. WHO Stat Quart; 38:317-30.

Corriel RN, Kniker WT, McBryde JL, Lesourd BM. Cell-mediated
immunity in schoolchildren assessed by multitest skin testing: normal

and proposed scoring system for healthy children. Am J Dis Child
1985;139:141-6.

Dibley MJ, Sadjimin T, Kjolhede CL, Moulton LH (1996). Vitamin A
supplementation fails to reduce incidence of acute respiratory

illness and diarrhea in preschool-age Indonesian children. J nutr.
126{2) :434- 42.

Duncan JR & Hurley LS {(1978). An interaction between zinc and
vitamin A in pregnant and fetal rats. J nutr. 108:1431-1438.

Ette SI, Basu TK, Dickerson JWT (1579} . Short-term effect of zinc
sulphate on plasma and hepatic concentrations of vitamin A and E in
normal weanling rats. Nutr. Metab. 23:11-16.

Elliiscon JB (1932)..Intensive vitamin A therapy in measles. BMJ
15:708-9.

Fawzi WW, Chalmers TC, Herrera MG, Mosteller F (1%93}. Vitamin A
supplementation and childhood mortality. A meta-analysis.
JAMA 269:898-303 .

Flores H, Campos F, Araujo CRC, Underwood B (1%84). Assessment of
marginal vitamin A deficiency in Brazilian children using the
relative dose response procedure. Am J Clin Nuty 40;1281-9.

Habte D. (1989). Global dimensions of vitamin A deficiency. In Meorck
TA, Lindsay L, eds. Proc. Wat. Symp. and XIII Int. Vitamin A
consultative group meeting, Kathmandu, Nepal, eds. TA Morck and L
Lindsay, pp. 7-8. Washington, DC:  Nutriticn Foundation.

Halsted JA, Hackley B, Rudzki C et al. (1968). Plasma zinc in liver

diseases. Comparison with nermal controls and certain other chronic
diseases. Gastroenterclogy. 54:1098.

24



Hambidge KM, Droegemuller RW (1974). Changes in plasma and hair
concentrations of zinc, copper, chromium, and manganese during
pregnancy. Obstet Gynecol 55:666-72.

Hambidge KM, Walravens PA, Brown RM, Webster J, White S, Anthony M,
Roth ML {1976}. Zinc nutrition of preschool children in the Denver
Head Start Program. Am J. Clin. Nutr. 29:734-38.

Hambidge KM, Casey CF, Krebs NF (1986). Zinc¢. In: Mertz W, ed. Trace
Elements in Human and Animal Nutrition. Orlando, Fla: Academic Press
Inc. 1.

Hansen JDL, and Lehmann BH {196%). Serum zinc and copper
concentrations in children with protein calorie maloutrition. South
African Med J. 43:1248.

Hemalatha P, Bhaskaraﬁ P, Khan MM (1992). Role of zinc
supplementation in the rehbilitation of severely malnourishd
children. Eur J Clin Nutr. 47:395-9.

Henkin RI, Smith FR (1972). 2inc and copper concentrations in

children with protein calorie malnutrition. South African Med J.
43:1248. :

Hussay G.D., Klein M. (1990). A randomized, control trial of vitamin
A in children with severe measles. N Engl J Med 323:160-64.

Hussay G.D., Klein M. {(1993}). Routine high-dose vitamin A therapy for
children hospitalized with measles. J Pediatr 39(6) :342-5. *

Jacob RA, Sandsted HH, Solomons NW et al. (1978). Zinc status and
vitamin A transport in cystic fibrosis. Am J Clin Nutr. 31:638.

Kay RG, Tasman-Jones C {1975}. Zinc deficiency and intravenous °*
feeding. Lancet 2:605-6.

Khaled MA, Wahed MA, Alvarez JO, Rahman MM, Habte D, Mahalanabis D
(1994). Large dose vitamin A in malnourished children. FASEB J.

Khanum 5, Alam AN, Anwar I, Akbar Ali M, Mujibur Rahman M (1%88).
Effect of zinc supplementaticn on dietary intake and weight gain of

Bangladeshi children recovering from protein-energy malnutrition.
42{(8):709-14.

Kumar S and Rao KJS {(1973). Plasma and erythrocyte zinec levels in
protein-calorie malnutrition. Nutr. Metabol. 15:364.

Kutumbale AS, Charawal BC, Mehta S, Vijayuargiya R, Matur PS

(1976} . Zinc levels in serum and erythrocyte in protein-calorie
malnucrition. Indian Pediat. 13:837.

25



Lie €, Ying C, Wang EL et al. (1993). Impact of large dose vitamin A
supplementation on childhood diarrhoea, respiratory diseases and
growth., Bur J Clin Nutr. 47:88-96.

Madhulika, Kabra SK, Talati A (1994). Vvitamin A supplementation in
post- measles complications. J Trop Pedatr. 40(5):305-7.

Milton RC, Reddy V, Naidu AN (1987). Mild vitamin A deficiency and
childhood morbidity: an Indian experience. Am J Clin Nutr. 46:827-
829,

Mobarhan S, Bruce G, Mehﬁa R et al. (1992). Zinc deficiency reduceé
hepatic cellular retinel binding protein in rats. Internat J Vit Nutr
Res 62:148-54.

Morrison SA, Russel RM, carney EA, Oaks EV {1978) . Zinc deficiency: a
cause of abnormal dark adaptation in cirrhotics. Am J Clin Nutr.
31:276-81.

Moynahan EJ. (1974}. Acrodermatitis enteropathica: a lethal inherited
human zinc deficiency disorder. Lnacet. 1:399-400.

Ninh NX, Thissen JP, Collette L.'Gerard G, Khoi HH, Ketelslegers JIM
{1996) . Zinc supplementation increases growth and circulating insulin

like growth factor I (IGF-I) in growth-retarded Vietnamese children.
Am J Clin Nutr 63(4):514-19.

Oomen HAPC. Vitamin A deficiency, xerophthalmia, and blindness
{1976) . In: Present knowledge in nutrition. Washington D.C.
Nutrition Foundation, 1976, p 73.

Olson JA, Gunning DB, Tilton RA (1984). Liver concentrations of
vitamin A and carotenoids as a function of age and other parameters

of American children whe died of various causes. Am J Clin Nutr.
39:903-10.

Palin D, Underwood BA & Denning CR {1979). The effect of oral zine
supplementation on plasma levels of vitamin A and retinol-binding
protein in cystic fibrosis. Am J Clin Nutr. 32:1253-59,

Patek AJ Jr, haig € (1939). The occurrence of abnormal dark
adaptation and its relation to vitamin A metabolism in patients with
cirrhosis of liver. J Clin Invest. 18:609-16.

Rahman MM, Mahalanabis D, Wahed MA, Islam MA, Habte D (1995).

Administration of 25,000 I.U. vitamin A dose at routine immunization
in young infants. Eur J Clin Nutr. 49:439-445.

26

LA



'
Rahman, MM, Mahalanabis D, Alvarez JO, Wahed MA, Islam MA, Habte D,
Khaled MA (1996). Acute Respiratory Infections Prevent Improvement of

Vitamin A Status in Young Infants Supplemented with Vitamin A. J
Nutr.126:628-633.

Rahman MM, Alvarez JO, Mahalanabi; D, Wahed MA, Islam MA, Habte D
{1997). Effect of early vitamin A supplementation on cell-mediated
immunity in infants younger than 6 mo. Am J Clin Nutr €5:144-8.

Rahmatullah L, Underwood B A, Thulasiraj RD, Milton RC, et
al. (1990} . Reduced mortality among children in Scuthern India

receiving a small weekly dose of vitamin A. The New Engl J Med:
323:929.

Rahmatullah L, Underwood B A, Thulasiraj R D, Milton RC {(19%1}.
Diarrhea, respiratory infections, and growth are not affected by a
weekly dose vitamin A supplementation: a masked, controlled trial in
children in Southern India. Am J Clin Nutr 54:568-77.

Ramakrishanan U, Latham L, Albert R, Frongillo EA Jr (1895).

Vitamin A supplementation and morbidity ameng prescheol children in
south India. Am J Clin Nutr. 61(6)}:1295-303.

Russel RM, Morrison SA, Smith FR, QOaks EV, Carney EA. {1978). Vitamin
A reversal of abnormal dark adaptation in cirrhosis. Ann Int Med.
BB:622-6.

sandsted HH, Prasad AS, Gabr MK, et al. (1965). Kwashiorkor in Egypt.
I. Clinical and biochemical studies, with special reference to plasma
zinc and serum lactic dehydrogenase. Am J Clin Nutr. 17:15.

Sandsted HH (1981). Zinc in human nutrition. In:Bronner F, Coburn J,

eds. Disorders of mineral metabolism-2. Orlando, Fla Academic Press
Inc. 93-157.

Sandsted HHE {1991). Zinc deficiency: A public health problem? AJDC.
145:853-59.

Sazawal S, Black RE, Bhan MK, Bhandari N, Sinha A, Jalla S. (1995).
Zinc supplementation in young children with acute diarrhea in India.
N Engl J Mrd. 333:839-44. ’

Sazawal S, Black RE, Bhan MK, Jalla S, Bhandari N, Sinha A, Majumdar
S. (1996). 2inc supplementation reduces the incidence of persistent

diarrhea and dysentery among low socioeconomic children in India. J
Nutrtion. 126(2}:443-50.

Schlesinger L,Stekel A (1974). Impaired cellular immunity in
marasmic infants. Am J Clin Nutr 27:615-20.



Schlesinger L, Arevalo M, Arrendondo S, Diaz M, Lonnerdal B. Stekel A
(1992) . Effect of a zinc-fortified fomula on immunocompetence and
growth of malnourished infants. Am J Clin Nutr 56{3) :491-8.

Shingweakar AG, Mohanram M, Reddy V (1979). Effect of zinc
supplementation on plasma levels of vitamin A and retinol-binding
protein in malnourished children. Clin. Chim. Acta. 93:97-100.

Simmer K, Khanum S, Carlsson L, Thompson RP (1988). Nutriticnal
rehabilitation in Bangladesh- the importance of zinc. Am J Clin Nutr.
47:1036-40.

Smith-JC Jr., McDaniel EG, Fan FF, Halsted JA {(1973). Zinc: a trace
element essential in vitamin A metabolism. Science 181:954-55.

Smith JC Jr., Brown ED, McDaniel EG, Chan W. (1976). Alteration in
vitamin A metabeolism during zinc deficiency and focd and growth
restriction. J Mutr. 106:5692-74,

Smith JC Jr., Brown ED, Cassidy WA (1977). Zinc and vitamin A
interrelationship. In: Zinc Metabolism: Current Aspect in Health and
Disease. Hambige KM, E4:29-44. AR Liss. New York. NY.

Smith JC Jr. {(1980). The vitamin A-zinc connection:a review. Annals
of the New York Academy of Sciences. 355:62-75.

Smith JE, Brown ED and Smith JC Jr. (1974). The effect of zinc

defigiency on the metabeolism of retinol binding protein in rat. J Lab
Clin Med. B4:692-97. :

smith FR, Goodman DS, Zaklama MS et al. (1973). Serum vitamin A,
retinol-binding protein and prealbumin concentrations in protein-

calorie malnutrition. I. A functional defect in hepatic retinol
release. Am J Clin Nutr 26:973.

Smith FR, Suskind R, Thanangkul ¢ et al. (197%). Plasma vitamin A,
retinol-binding protein and prealbumin concentration in protein-

calorie malnutrition. III. Reponse to varying dietary treatment. Am J
Clin Nutr. 28:732.

Ssmith ZM and Pretorius PJ (1964). Studies in metabolism of zinc. Part

2.Serum zinc levels and urinary zinc excretion in South African Bantu
Kwashiorkoer pactients. J Trop Pediatr 9:105.

Sclomons NW, Russel RM (1980} . The interaction ¢ vitamin A and zinc:
implications of human nutrition. Am J Clin Nutr. 33:2031-40.

Sommer A, Tarwohgo I, Hussaini G, et al. (1983). Increased mortality
in children with mild vitamin a deficiency. Lancet 2, 585-8.

28



‘Sommer A, Katz J, Tarwotgo I. (1984) Increased risk of respiratory
disease and diarrhea in children with preexisting mild vitamin A
deficiency. Am J Clin Nutr. 40, 10%0-5. -

Sommer A, Tarwotgo I, Djunredi et al. (1986). Impact of vitamin A
supplementation on childhocod mortality: a randomized controlled
community trial. Lancet 1, 1169-1173.

Stephensen CB, Alvarez JO, Kohatsu J, Hardmeier B (1994). Vitamin A
excreted in the urine during acute infection. am J Clin Nutr.
60:388-392.

Stevenson JW & Earle IP (1956). Studies on parakeratosis in swine.
J. Anim. Sci. 15:1036-1045.

Sundaresan PR, Cope FO, Smith JC Jr. (1977}. Influence of zinc
deficiency on retinol reductase and oxidase activities in rat liver
and teteses. J Nutr 107:2189.

Suskind RM. Malnutrition and the immune response (1977). New
York:Raven Press.

Tanuminhardjo SA, Barua AB, Olson JA (1987). Use of 3,4-

didehydroretinol to assess vitamin A status in rats. Int J Vitm Nutr
Res; 57:127-32.

Tanuminhardjo SA, Muhilal, Yuniar ¥, et al. (19920). Vitamin A status
in preschool age Indonesian children as assessed by the modified
relative dose response {(MRDR} assay. Am J Clin Nutr. 52:1064-7.

Tanuminhardjo SA, Suharno D, Permaeshi D et al. {1995). Application
of the modified relative dose response (MRDR) test to pregnant

Indonesian women for assessing vitamin A status. Eur J Clin Nutr.
49:837-903.

Tanuminhardjo SA, Premaesi D, Muherdiyantiningsih et al. (1996).
Vitamin A status of Indonesian children infected with Ascaris

lumbricoids after dosing with vitamin A supplemens .and albendazole. J
Nutr, 126:451-7.

Tanuminhardje SA, Ju-Chi Cheng, Dewi P et al. {1996). Refinement of
modified-relative-dose response test as a method for assessing

vitamin A status in a field setting: experience with Indonesian
children. Am J Clin Nutr 64:966-71.

Terhune M.W. and sandstead H.H. (1972). Decreased RNA polymerase
activity in mammalian zinc deficiency. Science 177:68.

29



Tomkins A, Behren R, Roy SK. (1993). The role of zinc and vitamin A
deficiency in diarrhoeal syndrome in developing countries. Proc Nutr
Soc. 52:131-142. )

Udomkeshmalee E, Dhanamitta S, Young-Areee J et al. (1590).
Biochemical evidence of suboptimal zinc and vitamin A status in
preschool children in northeast Thailand. Am J Clin Nutr 52(3):564-7.

Udomkeshmalee E, Dhanamitta S, Sirisinha S, Charcenkiatkul S et al.
(1992) . Effect of vitamin A and zinc supplementation on the nutriture
of children in Northeast Thailand. Am J Clin Nutr 56:50-7.

Underwood EL {1977). Trace elements in human and animal nutrition.
4th edit. Academic Press Inc. New York. NY.

Vallee BL, Wacker WEC, Bartholomay AF, Robin EQO (1856). Zinc
metabolism in hepatic dysfunction. I. Serum zinc concentration in

Liver cirrhosis and their validation by sequential analysis. N Engl J
Med. 255:403. ’

Vallee BL, Wacker WEC, Bartholomay AF, Hoch FL (1957). 2Zinc
metabolism in hepatic dysfunction. II. Correlation of metabolic
patterns with biochemical findings. N Engl J med. 257:105-65.

Wahed MA, Alvarez JO, Khaled MA, et al. (1995). Comparison of the
modified relative dose response (MRDR) and the relative dose response

(RDR} in the assessment of vitamin A status in malnourished children.
Am J Clin Nutr. 61:1253-6.

Walravens PA, Krebs NF, Hambidge KM {19283). Linear growth of low income

preschool children receiving a zinc supplement. Am J Clin Nutr
38(2):195-201.

West KP, Pokhrel JR, Xatz J, et al. (1991}. Efficacy of vitamin A in
reducing preschool child mortality in Nepal. Lancet; 38: 67.

Weston WL, Huff JC, Humbert JR, Habbidge M (1977). Zinc
concentration of defective chemotaxis in acrodermatitis
entercpathica. Arch Dermatol. 113:422-5.

WHO/UNICEF/USAID/Hellen Keller Internatiocnal/IVACG (1982} Report of a
meeting. Control of vitamin A deficiency and xercphthalmia. Tech.
Rept. Ser. 672, World Health Organization, Geneva, Switzerland.

WHO (1993). Acute respiratory infections in children: case management
in small hospitals in developing countries. A manual for doctors and
other senior health workers. WHO/ARI/20.5.

WHO (1295} . Micronutrient Deficiency Information System: Global
prevalence of wvitamin A deficiency. WHO/NUT/95.3.

o



Dissemination and Use of Findings

Describe explicitly the plans for disseminating the accomplished
results. Describe what type of publication is anticipated:
working papers, internal (institutional) publication,
international publications, international conferences and
agencies, workshops etc. Mention if the project is linked to the
Government of Bangladesh through a training programme.

Disseminaticn and Use of-Findings

The findnigs of the study will be published as original publications in
peer reviewed journals. The results will also be presented at ICDDR,B
scientific meetings and also at national and international meetings. This

research findings will alsoc be used for the disseration leading to a Dred
degree of the PI Dr. M. Mujibur Rahman.
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Collaborative Arrangements

Describe briefly if this study involves any scientific, administrative,
fiscal, or programmatic arrangements with other national or international
organizations or individuals. Indicate the nature and extent of collaboration
and include a letter of agreement between the applicant or his/her
organization and the collaborating organization. (bo NOT EXCEED ONE PAGE)

Collaborativ Arrangements

This research will be done under the Clinical Sciences Division in
colloboration with Community Health Division (MCH-FP extension project).

This will be a collaborative study between the ICDDR,B and the University
of Alabama at- Birmingham (UAB}, USA. ICDDR,B and UAB have a 7 year history of
successful collaboration in research and training. This project will be
conducted primarily at the ICDDR,B under the direct supervision of Dr. M.M.
Rahman, a physician and associate scientist at the Center who has been trained
at UAB under Dr. Jose Alvarez. ICDDR,B and UARB have signed a general
collaborative agreement which has provided the administrative and academic
frame to various research projects carried out to in the past few vyears. Dr.
Alvarez will wvisit Dhaka several times during this 2 year project, once
supported by this grant and supported by UAB/Sparkman Center funds on
subsequent visits. i

A copy of the collaborative agreement between ICDDR,B and UAB is attached
with the proposal.
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APPENDIX 1

Internaticnal Centre for Diarrhoeal Disease Research, Bangladesh
Voluntary Consent Form

Title of the Research Project:

Principal Investigator:

Before recruiting into the study, the study subject must be informed about the
objectives, procedures, and potential benefits and risks involved in the study.
Details of all procedures must be provided including their risks, utility, duratien,
frequencies, and severity. All questions of the subject must be answered to his/ her
satisfaction, indicating that the participation is purely voluntary. Fer children,
consents must be obtained from their parents or legal guardians. THe subject must
indicate his/ her "acceptance of participation by signing or thumb printing on this
form.

You are being asked to allow your child to participate in a research
study designed to evaluate the efficacy of combined zinc and vitamin A
supplementaticn in improving health and your child’s ability to fight diseases.

© Vitamin A and Zinc are currently being safely used alone in children to improve
: health. The present study will examine the combined effect of vitamin A and
! zinc administered simultaneously.

If you decide to let your child participate in the study he/she will be
randomly assigned by random computer assigmment to receive either vitamin A or
zinc or both or none. The medication will be given daily 'in the morning for 14
days. We will collect blood 3 times from your child:on enrolment and again
afrer 21 days and 3 months: Each time 2 ml venous blood will be drawn to
measure the vitamin A and zinc levels. The immunity will be measured on
enrolment and again after 21 days. The immunity will be measured using a kit
known as multi-test CMI test kit. The multi-test CMI kit contains 8 needle
heads those contain eight antigens and will be administered on the child’s arm
by pricking. The test result will be obtained after 72 hours by measuring the
skin induration. We will visit your home once a week and ask whether your child
had diarrhea and respiratory infections and will record it. The weight arnd
height of your child will be measured on recruitment and after 1 and 3 menths.
The study is sponsored by the Thrasher Research Fund, a non-profit organizaticn

based in the United States, that funds research that will improve the health of
children worldwide.

Risks apd DRiscomfory: There is no apparent side effects from vitamin A or zinc
supplementation with the proposed dose. The blood drawing and immunity testing
34



also do not involve any risk. Only slight discomfort (mild pain) from needle
prick or bruising due to extravasation of blood may occur.

Benefits

The benefits your child will receive from participaticon include free
medication, examination, and medical treatment for 3 months. Your child’s

participation may alsc provide valuable information about the benefit of
combined zinc and vitamin A supplementation.

dlternative Treatment

There are altermatives to vitamin A and zinc supplementation such as
increasing intakes of vitamin A and zinc containing diets. However, these are
long term measures for prevention of the deficiency of these micronutrients.
For acute deficiency high dose supplementaticn in medicinal form is desirable.

~onfid {ali .

The information gathered during this trial will be kept confidential. The
results of supplementation including laboratory tests may be published for
scientific purposes, however, identity of your child will not be revealed. In

addition, the Food and Drug Administration may monitor the trial records and

the individual conducting the review may see the child’'s name in the file
folder.

Withd 1 wit] udi

You are free to withdraw your consent and to discontinue participation of
your child in this project at any time without prejudice against future medical
care your child may receive at this institution. Any significant new findings
that develop during the course of the study which may affect your willingness
continue to in the research will be provided to you by the study physician.

bi : o . . l

There will be no cost to your child from participating in research. All
medications, examinations, and medical treatment will be free of cost during
the 3 months study period.

=4 £ L Rl ol i o]

You will be paid no compensation to pérticipate your child in the study.

o rohoD 1y d

UAB has made no provision for monetary compensation in the event of
physical injury resulting from the research and in the event of such injury.
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medical treatment is provided, but is not provided free of charge. The ICDDR,B,
the implementor of the study will provide treatment required as a result of
research-related injuries at ICDDR,B hospital, but will not provide other
compensation in the event of physical injury resulting from the research.

b}

Questions

If you have arly question about the research, Dr. Mohammad Rahman will be glad
to answer them. Dr. Rahman’ number ig 8717517?Ext 2319. If you have any
questions about compensation, medical treatment for research related injuries
or rights as a research subject, Dr Rahman will also answer them.

L 1 Rial 1 si !
You are making a decision whether or not to have your child participate
in this study. Your signature indicates that you have decided to allow your

child to participate, that you have read {or been read) the information
provided above and that you have received a copy of this consent form.

Signature of Investigateor/ or agents Signature of Subject/ Guardian .

Date: Date:
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Continuation Sheet {(Number each sheet
consecutively)

Annex 2. Sample size calculation

1. For serum vitamin A levels.

There has been no community study in Bangladesh showing the effect of
simultaneous zinc and vitamin A on serum vitamin A level. However, a recent
study in Bangladesh (Rahman et al. 1996) has shown that mean+SD vitamin A
levels after large dose vitamin A supplements was 0.74:0.23. In a study in
Thailand Udomkeshmalee et al. (1990) has shown that the mean+SD concentration
of wvitamin A in normal children was 1.06+0.31. We can assume that =zinc plus
vitamin A supplementation will increase the retinol levels to normal levels as

shown in Thai children.

Based on the above assumptions:

Mean serum retinol concentrations:

in the vitamin A supplemented children u,=0.74 pmol/L

in vitamin A plus zinc supplemented children=. u,=1.06 umol/L
8D for mean serum retinol:

in the vitamin A supplemented children - 8,=0.23 pmol/L

in vitamin A plus zinc supplemented children= §,=0.31 pmol/L

Expected difference due to zinc and vitamin A supplementation=D=u;-u,
If we want to detect the above difference with an assumed:

Type I error=0.05 and Type II error=0.1

Then children in each category

N=(Z ,., 2 + 20)2(812+522)/(u2_u1)z
=(1.96+1.28)7(0.23%+0.31% /(1.06-0.74)%, where, 2,,, =1.96, Z =1.28.
=16

Serum retinel concentrations in placebo children of the above study was
0.61+0.28. If we assume that only zinc supplementation will increase the serum
retinol concentration at least by 25%, then the sample size in each group (to
test the hypothesis 5) as calculated above will be 74,

2. Proportion of vitamin A deficient children

Wahed MA et. al. (1995) in a study in Bangladeshi children found thatc 45%
children remained vitamin A deficient after vitamin A supplementation {(Wahed
MA, personal communication}. We  expect that after zinc+vitamin A
supplementation only 10% will be vitamin A deficient (DR:R: >0.08).

Based on this assumption:

p;=0.45, q,=0.55, p.;=0.1, and g;=0.9

17



ix

assuming type I error=0.05 and Type IT error=0.1 the number of children in each
category will N={p,q;+p;q;) / (p1-P:} ’%10.5
n=(0.45x0.55+0.1x0.9} /0. 35%%10.5
= 29

3. For serum RBP levels.

There has been no community study in Bangladesh showing the effect of
simultaneous zinc and vitamin A on serum vitamin A level. The mean RBP (mg/dl)' -
levels in the urban community of Bangladesh is 2.0:0.74 (Wahed MA, personal
communication). If we expect a 25% rise of RBP with vitamin A and zinc
supplementation then the samples in each group as calculated in (1) will be 47.

4. Diarrhea morbidity

A recent study in Bangladesh has shown that meaniSD episodes of diarrhea
{per child-year) 3.68+2.92 (Mitra et al., personal communication). Several
studies have shown that vitamin A supplementation does not have any effect on
diarrhea morbidity (Rahmatullah et al. 1991). So we can assume that diarrhea
episodes in vitamin A supplemented children -will be the same. However, we
expect that zincsvitamin A supplementation will reduce the diarrheal eplsodes

at least by 25%. Based on this assumptlon' - 1 -
Mean diarrheal episodes )
v in the vitamin®"A supplemented children 2+ - u;=3.68 .
in vitamin A plus zinc supplemented children= u,=2.76
SD for mean diarrheal episcdes
in the vitamin A’supplemented children 8,=2.92 ks
in vitamin A plus zinc sipplemented children= +8,=2.92 T S
Expected difference due to zinc and vitamin A supplementation=D=u,-u, -k
Tf we want to detect the above difference with an assumed: ’ a -

Type I error=0.05 and Type II error=0.1
Using the formula as in (1), the number of children in each category will be
N=210

5. Lower respiratory tract infection (LRTI)

A recent study in Bangladesh has shown that mean:+SD episcdes of LRTI (per
child-year) 5.62+3.2 (Mitra et al., perscnal communication). Several studies
have shown that vitamin A supplementation does not have any effect on diarrhea
morbidity {(Rahmatullah et al. 1991). So we can assume that LRI episodes in
vitamin A supplemented. children will be same. However, we expect that
zinc+vitamin A supplementation will reduce the LRI episodes at least by 25%. -
Based on this assumption:
Mean LRI episodes

in the vitamin A supplemented children 1,=5.68
in vitamin A plus zinc supplemented children= u,=4.26
SO for mean LRI episodes
in the vitamin A supplemented children 5,=3.2
in vitamin A plus zinc‘supplemented children= 5,=3.2 -

Expected difference due to zinc and vitamin A supplementation=D=u,-u,
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If we want to detect the above difference with an assumed:
Type I error=0.05 and Type II error=0.2

Using the formula as in (1), the number of children in each category will be
N=80

6. Weight gain

& recent study in Bangladesh showed that children aged 1-2 years gain
97+45 g/kg initial weight over 3 months (Rahman MM et al, unpublished data)}. If
we assume that children receiving only vitamin A will gain similar weight and
those receiving vitamin A+zinc will gain 25% more than this (58+37 g/kg). To
detect the above difference at 5% significance level and 80% power, the samﬁle
size in each group as calculated in (1), will be 95.

7. Height gain

The study as mentioned in (6} the height increment in children aged 1-2 years
was 2.62+1.02 cm over 3 months ({Rahman MM et al, unpublished data). If we
assume that children receiving only vitamin A will gain similar height and
those receiving vitamin A+zinc will gain 25% more than this (3.27:1.02 cm). To
detect the above difference at 5% significance level and $0% power, the sample
size in each group as calculated in (1), will be 34.
\
If we take the largest number (diarrhea morbidity), the sample size in 4
groups will be 210x4=840. Adding 20% for expected loss from feollow up due to
migration or death, the total number of children will be 1002. Howeveyr, for

time and budget constraints we will not be able.to recruit this large number of
children.



Detailed Budget for New proposal

Project Title:  Effect of simultaneous zinc and vitamin A supplements on the bioavailability of
vitamin A in children

Name of Pl:  Dr. M. Mujibur Rahman

Protocol Number: Name of Division: CSD

Funding Source: Thrasher ’ Amount Funded (direct): 95,120
Total: 101,778 Overhead (%} 7%

Starting Date: July 1, 1997 Closing Date:. June 30, 1999

Strategic Plan Priority Codel(s):

SI. No Account Description | Salary Support US $ Amount Requested
Personnel Position Effort% | Salary | 1st Yr Yr [3°Yr{ -
Dr. M.M, Rahman Associate Scientist | 50 : 5400 5400
To be recruited Research Physician | 100 4800 | 4800 2400
To be recruited Health Asstt 100 2400 1200
To be recruited - | Health Asstt 100 2400 1200
To be recruited L Health Asstt 100 2400 1200
Sub Total 17400 11400
Censultants
Local Travel 16,800 5,280
International Travel 5,000
Sub Total _ 21,800 5,280
Supplies and Materials (Description of ltems}
Office supplies - 500 300
Supplement (Vitamin A/zinc) 1,000
Didehydroretinal {for MRDR test) 2,000
CMI Kits i 8,000
Medicines 800 | 300 .
Personal computer 3,500
Sub Totals 15,800 600
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Other Contractual Services

Repair and Maintenance

Rent, Communications, Utilities

Training Workshop, Seminars

Printing and Publication 200
Staff Development
| Sub Total 200

Interdepartmental Services 1% Yr 2™ Yr 3 Yr

Computer Charges

Pathological Tests

Microbiological tests 300 200

Biochemistry Tests 300

X-Rays 100

Patients Study

Research Animals

Biochemistry and Nutrition 16,000 5,240

Transport 200 100

Xerox, Mimeographs etc. {illustration) 700 500

Sub Totals 16,600 6,040

Oftler Operating CosIs

Capital Expenditure

Total Direct Cost 71,600 23,520

Indirect cost (7%) 5,012 1,646
TOTAL PROJECT COST 76,612 25,166
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Budget Justifications

Please provide one page statement justifying the budgetéd amount for each

major item. Justify use of man power, major equipment, and laboratory
services.

Ay

Specific functions of personnel

Principal Jnvestigator: will supervise the over all activities of the project. He wiil play the
leading role in implementing the research at the field, planning for
data entry, cleaning, analysis, and report writing.

Research Physician: will perform the physical examination, case diagnosis, management,
- referral and supervision of the health assistants at the field levels.

Health Assistants will recruit study subjects, collect data, arrange for MRDR tests, CMI

test, measure anthropometry and do morbidity follow up. They will
maintain records of the study subjects.

.

Trave! Costs ,
Domestic: The domestic travel cost is mainly for follow up at home of study subjects.
Each subject will be followed up for 24 times. Each follow up costs ™

is $2.00. Therefore, for 460 subjects the total cost would be 460 x
24 x 2 = $22,080.

Personal Computer: For.data entry, analysis and report keeping the P.l will need a
personal computer which will cost approximately $ 3,500

Salary Except the P, all personnel (1 physician and 3 health assistants) will
be recruited for this research project only. So, their full salary will be
provided from the project fund.

The Principal Investigator will be supported from ICDDR,B for 50%
of his salary for 50% of his time in ICDDR,B Hospital. The remaining
50% will be supported from the project fund.

Sample analysis : Sample analysis for serum retinol, RBP, and ptasma zinc and urine
retinol and zinc for 400 subjects will cost 21,240.
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Other Support

Describe sources, amount, duration, and grant number of all other research

funding currently granted to PI or under consideration. (DO NOT EXCEED ONE
PAGE FOR EACH INVESTIGATOR)
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Check List

After completing the protocol, please check that the following selected items have been
included. .

1. Face Sheet included . \/

b

2. Approval of the Division Director on Face Sheet |\

3. Certification and Signature of Pl on Face Sheet, #9 and #10 | o
. 3 -
T
4. Table of Contents '+~
5. Project Summary
6. Literature Cited ' N4

7. Biography of Investigators

v
8. Ethical Assurance Z
9. Consent Forms ‘7
10. Detailed Budget "/
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Projed Title: Kffect of simulitanoous zine and vitamin A supplamentation........
Pl: JO Alvarez Biodwt wi

A Wa |\ N
Overail the objactives and design of tha proposal appear 16 ba good and weil throughout. Al o
However, detalls of some aspacts of the design are missing. In padticular it is unciear = UWpa
how and whaera tha biochemical analyses will be parformad. Since the proposed '
dlochemical analyses require specialized equipment and axpertise in running the assays, TTLEEN
this whola areq needs to ba addressed. This is aspacially trus for tha zinc assays. \// \ .

L)

1 a8y Al .
FWthOnﬂDI"Q: the spacific plans for processing the blood samples are m“s-]_rlgl Collecting A .
and processing urine and blood samples in the fleld is difflaGl. A deiailad, wall thought- A

out plan is needad. It isBflan not €loar whe will be recording the Jata~a field workerend o =7

or the parent/guardian. L -
= i . b

In the Supporlive Preilminary Data saction i |s stated that *zino deficiancies are highty ’BL\'“‘ \
prevaient’ —(in Bangladesh)— with no referanca or supporting data. Pleasa elarfy. Ly s &
Spacific comments: _—_) Vel o
Study deslign: (pg 5) Gtk }t
Rather extensive: withoul & piaceba group the data may be less definitve. In &t least two -
places In the proposal a “placebe” is indicated, please clarify. This reviewsr suggests a _ ‘
sami-placebo group be included which would be a vitamirvminaral supplemant with zinc [ fonn s
and vilamin A omitied. This would marksdiy strangthen the design and should allay 3. -
wthical concams. . RS o
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Tba two-wesk supplementation pariod is rathar~parhaps tao-- ehort, sspecially to expect 4T

an effact on growth and mayba ether indlces.

The doses for zinc and vitamin A are high, espacially for 1 y1 infarV;?O "y
Ag-term T

| realize these lavais have been givan in a few recant studios but

consequences have yet to be assessod, especialiy for lwg,of inc per day,  -7! 7 Yy
Lo e e =,
j exclusion criteria are unclaar re whéther hospitalizatian at anrcliment(a) is rsquired d":T { ..
'\ \rls a criterla for exclusion? Is (d) wt/age referting to WAZ score? “
N . .f"'r-.' LV T
Data colfection and analysls: oy e
Urinary retinol (pg8): e

- N
The 8 hour collection wilt n6t give | information for 2nc metabolism. Therg is B
general agreemsnt & 24 hour collection is necassary far aecurate zine assessment . [
Relating urinary ﬂng‘t%\c_nlatinlho’%;s not bean suocassfql. Wil it be adequate to assess .

vitamin A excretion? THS subsst of males will be 12-38 months oid. Details of how the _ .
volisctions are plannod are nacossary. | serious doubt if noncuntaminated collections - N
(for zine) can be done undsr thase fleld condgitlons. Even i & matabolic ward it is difficult :

How would the euthors eollect In these situations? What veesels ulc would be ysed and

how would they be checkad for 2inc contamination? :
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2 a A .
_ 7 gt\i\"\h\ -1(‘\,-',1\?( "‘!
Biood collection: "‘;" P {

The authors state that 2 mi of blaod will be coliacted yat thoy proposs 10 collact

both serum, for ratinat and RBP and plasma, for 2ino. Do they propose to draw % AL =
multiple tubes to get both serum and plasma? Would each one be 1 mi7 Would the

samples ylold adequate amounts of serum and plasmo ta pefform the proposad assays

with exira for reruns, etc?

How would the samples be processad? Would thay bs put an ice after the draw? D T
How leng batwean the lime of drawing and centrifugation? Wheure would the T opn ) e
samples be centrifugad? The zine samples must be slorad in Zincfras contalners. . ‘
Would the children be fasted? Fasting is degirable for s}num zin¢? Does it makea = | .

diftarance for zinc or retlnol determinations? —
Moat serious re the zinc analysls is the plannad methad for 2o analysis—"emission Ca g T
spacirochemical-—aftor low tomparature ashing”. The methed described nenrly 25 yaars [T
ago has long been abandonad and replaced by atomic abgorption spectraphotometric “ .
tachniques deswribed throughaut the literature. In addition, no mention was made of how -
the analysis will be monitored for accuracy. Cerifiad standard reference standerdsare  °
racommended. Y

v -
Retinol binding protein . AR
Apparantly these kits ars no longer available, Do the investigators have a souroe and it roe
not can they dovelop an ELISA‘? ) e \ o -‘(-, e
/ Wi hov e Lo i

WModifled Relative Dose Response Test o DL U e 5y M R
As the Investigators are aware, this (st Is highly varlable and itss ability to accurately
assese vitamin A status has not been firmly established. As indicaled the previously — T
publiehad paper using the technique in Bangladesh(Wahed et al.1995), concluded thatit . — -~
lacked raiiability. Although a higher dose may help, the *provisienally usad* cutof valus S
remains & problem. To tha invastigators credit, they aru awara of potential problems of <o A
Intarpretation,

! ¢

Cell Modiated Immunclogy (CMI): = ' CLT

Thase kits are rather axpansive and the limited results ars variabla in the literaturs, with N
the subjects often baing sxtremely deficient befors an affecl may he notod. On the last A
page of the proposal (befors the literature raviaw #8 CMI) a recent study by Rahman o
ot al 1958 is cltad as amploying CMI with litua difference it the affect of vitamin A'on

immune response. However, it appears that these data were not includad in the paper,

at least this raviawer could not find it and it is not dascribad in the methods section. Was

the diffarance in response o vitamin A significant? If this test wers omitled, it sppears /‘ ‘
that the number of subjects could be markedly iowered from 340 children so t may be

worth it Although the budget lists $8,000 for the cost of the kits a conservative estimate if

the kils are purchased would be $17.000 ($25x340x2=$17,000). s this & typo? -

Sempie size calculations:

- - ] oy
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3

Some of the assumptions Used for sampla size calculatons aru quastianable.

For most of the parameters the authors assume there will be 8 25% change —) {‘)ﬁ Lo § \;\
batween the vitamin A only and the vitamin A pius zine lreuted groups. Ars )

thase reascnablo estimates? Can serum RBP Increase 23%7 Can dlarrthea

] ~ J.
decrease by 25%? N s
v
The last paragraph of the proposal is confusing sincs it states that the sampie size om0
chosen (340

I} not be adequate to }s’soss ‘diarthea morbidily”. However diarrhea - 157
morbldity ls dne of the specific alma of the project. Please cigtify. : ' '

Shpm P T
Impact on child health- /W Lo zeer N~

P :
Thae projoct cisarly addresaes a major child healin probi¢m. Vitumin A
deficiency In Bangtadesh Is a sevars problem. This proposal attempts to
fnpreve on the traditional therapy of giving vitamin A alona for a vitamin A AR
deflciency. The proposed treatment with vitamin A and zinc would be a R

significant finding If this traatmant could imprave the bicchemical and

funclional vitamin A status of these children. Y L
Practical Application- N
Thera would be an immediate and cleer spplication if the pruprised new
therapy is an improvemant.
' / ’
Funding Considerations- N .
The budget appears ragsonable, indeed rather conservative tomparad te £osts in the .

US or mest other countries. The cost of the analysis agpears wider estimated, especially -, ~~ - -
for the CMI kits. Details of the costs for analysis of spectic analyses Is not'given eg zine, o
RBP, vitamin A, but lumped together at $18,140. The price of computors is coming down 4 P
and & good ens can be purchased for <the $3500 listed. Aisc he eost urder Travel " Iy
shouldba justified snd explained. { in ene casa it is $2.00/vllow-up visil and encther itis l"‘" i
$20.00). Who recoivas these monies? Are the subjects paid?

Pl
~

.

S : - k‘. A -
A\
Purpase and Objectives- > M N -
-
Tho projsct asims ara strong although they mayéar ambitious. especiaily In regard to LN M

T _@owih due to the shon period of suppiementafion. One of e imwin aims of the Mudy (to - i
——as3es¥ the interaction of vitamin A and zine on childhood diarthea mordidily) may nothe Vi~ 5
reached bacause the projected sample sizo is too smail weesRINGtC PI's assessment aloe
.] (se0 (a5t parsgraph of the proposal). This is unfertunate sinea the functional parametes - _
- (dlarrhea and respiratory infections merbicity) ars the most Jadinitive indices to determine = T . -
1 the *bioavailability of vitamin A” as indicated in the title. Becauss of this reviewar's t .
. concems of he MROR o measure bicavailabilty as weil 33 the other proposed ndices. |
' suggest that the emphasis be changed to assessing tha afficacy of & combination of zinc -
and vilamin A (compared to eilhar alcne) for combating criidhous morbidity of disrhas o
snd respiratory infections T o

- [

. . .-

- - . —ap .

-
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Evaluation.

The paramaters proposed to svaluate the reatments a¢ gdaquats, The __
question is ¥ the biochemical parameters can be sucoaasfuily analyzed with |
precision and accuracy, aspecialily for zinc. ;__,,7'

Project Site

The site seams very appropriate. Tha authers have demonstrated that this area has
a high Incidenca of vitamin A deficlancy in the Aage group {hay wiil work with,

Thers iw & high probabillity that Zing deficiency is pravalont although this has not
been documanted.

Repllcabillty- I ' !

Treatment with vitamin A and zinc together could easily be transfarad and
edapted fa ather areas,
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- T 2«
Ettect of simultanecus zinc and vitamin A supplementation on the bioavailability of Vitarmin A.

{mgact on Child Heaith. This project addrasses & child heaith problem of global dimansions.
Programs for vitamin A prevention are already sstablished inmany countries. Further ressarch
is still necessary to determine opimal intervention strategies for the prevention and treatment
of 2inc deficiency and to determine in effectiveness of these programs, Thrasher's

involvenant in this genaral area over the next decade is likely t0 have a major impact on
progress towards definitive prevention/treatment programs.

Pragtical gppllcation. The potential for immaediate banefit 10 child heaith is very strong and

interventions based on the outcome ¢f this study should be culturally acceptable feasible
sconomically and present no insupsrable, technological barriers.

funding Consideratigns. The budget appears reasonable.
' A
Pyrposes and Qbiactives. The strength of the project aim is that it specifically addresses a

potentially important interagtion betwean zinc ang vitamin A.  Whilst there are severai
indications that zine deficiency impairs vitamin A matabalism, this project is expected to make
an important contribution to our understanding of the importance of this interaction.

Proingt Qesian. My major congarn about the project design, if | understand the preotoeat

corractly, is the wida variation in clinical status of young children who it is proposed 10 admit
[ma SLuiASO this study. Specifically, it appears that they have, at the tima of enrollment, 1o have a

Pt V£ systemicinfection such asdiarrhea/dysentery, respiratory tractinfaction with or without fever,
: “j’c maasasles, and other diseasss raquiring hegpitakzation. This is 8 very hateregenous populatian,

fi~ {1 which may yield a wide mix of resuits. For example, two weeks of 2inc therapy in a young

: child with dysentery is unlikely to impact zinc status to the same exteant as it weuld a young

\ child wrthout diarrmea—' .

L S

' Bt

Evalugtign” Evaluation component is adaquate.

R

— ~

ol

ey Prélect Sita. Project site Is suitable.

“

-1
Mt \

-
UL
A

Replicability. This project would be transferabla and adaptable.

While this precposal has substantial marit, my conearns aoout the hetarogencus poputation are
reflacted in my scaring. There is no doubt that large-scale studies of the arTectiveness of
differsnt intarvention studies to pravent/traat 'zinc‘d_qﬂ“c_?e_ncﬁ—young chiidren in the
- developing werld arex nigh priorfty.~ trseeamsto me unlikely that a 2-week course o* Zinc
tharapy is likely to prove to be among the most affactive approaches. There may be some

marit | linking the kind of studias 2roposad here to an intervention that is parhaps mare
attractive from a public health perspactive.

~
A

Overail Project Score: 38

L e—
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nead for well-controlled, double-blind supplemantation studies to definitively establish if
there is an interaction of zinc and vitemin A in bumane (Udomkesmalee et al. 19801
Invoivemant of the Thrasher Resesrch Fund is likely to be a signiticant factor to ensure that
this important question i8 2ddressed.

Bracticaj Application

There is 8 potsntial significant and immaediate benefit to child health if zint is determined to
enhanca vitamin A utilization in the high percantage of children who do not respend
adsquately to vitamin A suppleamentation. Tha potential benefit is a substantial and
consistent impact of vitamin A supplamsntation on morbidity as documented for childhood
mortality, Largae-scele zinc supplementation presents unigue technical problems. Thera are
no starss of zing in the body, so that zinc supplaments may need to be given often and
perhaps daily to ensure adequate utilization of vitamin A, Alternatively, supplemental zinc
might be provided through food fortitication or targeted administration to high-risk groups.
There is already a compelling rationale to develop systems for zin¢ supplementatien in
developing countries as & result of a potantiat role in pravention and management of
diarrhes! dissases in young childien (Sazawal et al, 1995, Sazawal et al. 19363}, .

Funding Conaiderations

The budget is modest in terms of tha scope of the praposed ressarch. The potential for
tunding from othar arganizations or agencies is uncertain given the current fiscal climate.

Putpoge and Obiectives —
The objectives of this study will be to detarmine whether biochemical and tunctional
indices of vitamin A status can be improved in a3 population of high-risk Bangladeshi
children by supplementation with a combination of vitamin A and zinc 3as compared with
supplementation with vitamin A alone using a deubla-blind intervention design. Thera is a
clnar need for well-contralled, double-blind supplementation studies to addross this
problam. A particularly new and unique aspect of the proposed research is investigation ot

potsntial Iinteractive effects of vitamin A and 2in¢c supplemantation on cell-mediated
immunity.

Proj i
Strangths:

Study popuiation: The proposed study population is well-suited to detsct a biochemical
intaraction of vitarmin A and zine. There i3 a high prevalence of overt vitamin A deficisncy
in Bangladash and a probable high prevalenca of zinc deficiency as indicated by widespread
protein anergy mainutrition. In a recent study in Thailand, children with marginal vitamin A
and zine status who ware supplemented with hath nutrients did hot have detectable
changes in plasma ratinel or RBP due to zinc treatment {Udomkesmalee &1 al. 1932),
although thers ware tunctionsl improvements in termse aof night blindness and normalization
of conjunctival epithelium. In an aarlier study in Indis. children with severe protein ensrgy
malnutrition shawad significant increases in plasma vitamin A and RBP after only 5-10 days
of oral 2inc suppiementation (Shingwekar at al. 1979). Thus overt rather than marginal
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Project Paer Review - Thrasher Rasearch Fund

Projeet Titie: Effect of Simuhanacus Zinc and Vitamin A Supplementation on the
Bioavailability of Vitamin A -

Principal Investigator: José O. Alvaraz, Dapartment of Internatienal Heaith, University ot
Alabama at Birmingham, United States

Coprineipal !nvestigator: Mchammad Rabhman, international Centre for Diarrhoeal Disease
Research, Dhaka, Bangladesh

n Chil

Vitamin A deficiency is a major nutritionai probiem among preschool-age chiidren in
daveloping countrias with approximately 14 million suffering related eye ¢amage and 190
million at risk woridwide (United Nations, 1987). Vitamin A supplementation substantially
redyces chilghood mertality (Sommer ot ai., 1986; Beaton et al., 1993) by mechanisms
which are.less clear but ara thought to involve reduction in infectious disease incidence
and/or severity {Ciblay, 1998]. Prospective trials do not provide consistent support t31 a
primary preventive effect af vitamin A supplementation On the incidence of chilghood
ilnesses (Agdeijabar et ai. 1991, Rahmathuilah et al. 1991, Stansfield et al. 1993,
Vijayaraghavan et al. 1980). Howavar, the VAET intervention study in Ghana reported
reducad ¢linic visits and hospital admissions for vitamin A-supplemented children (Ghana
VAST Study Team 1993); a trial in Brazil reported reducad episodss of savere diarhea

(Barreto et ai. 1994); a trial in India reported raduced incidence of measles in children less
than 23 months of age (Bhandari et al. 1994).

The inconsistent findings with regard to morbidity from childhood infecticus illnesses may
raflect the inconsistent efficacy of vitamin A supplemaentation. The investigators’ recent
studies at the Internationat Centre for Diarrhoeal Diseass Research in Bangladesh document
a high pravalence ot vitamin A deficiency that is refractary to vitamin A supplemantation :n
infants (Rahman ¢t al. 1995. Rahman et al. 1998: Rahman ot al. 1997). In one stuchy,
61% of infants remained deficient despite vitamin A supplementation (Rahman et al.,
1996). Infants whose rejative dose rasponse (RDR) was abnormal at the end of the
supplementation period had an increased incidenca of acute respiratory infections and
ircreased cumulative duration of fever and cough as ¢compared with infants whose RDR
was normal. These studies suggest a high prevalence of co-existing conditions that reducs

aosorprion and/or utilization ot vitamin A supplements and the prebable oprotecticn
contferred against comman childnoad illnesses.

The investigaters’ hypothesiz that lack of improvement of wvitamin A status after
supplementation is due to co-axisting zine deficiancy is plausible ang basaed ¢n experimantal
eviderce from animal and human studias. In most developing countries. chuidren have iow
intakas of foods rien in readily absorbabie zinc, such as liver, fed meat. poultry, fish,
oysters, and crabs (Penny and Lanata. 1998). Phytate, fiber. ana lignin reduce the
odvailatiity of Zinc wn traditional staple foods such as cereals. legumes, and tubers

Evidencs from animal and humaen studies suggeats that zine deficiency imoaws synthesis of

retinol binding protein (RBP) and mobilizatian of liver vitamin A stores. There is &8 Clear
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zinc deficiency may he a redquigite to detect effects of zine treatment on bischemical
indicators of vitamin A status.

Supplementation protocol: Becauge zinc is not stored in the body, comtined daily
supplamentation with vitamin A and zinc is most likely to result in a benefit in terms of
improved vitamin A utilization,

Cutcome measures. The vitamin A-zing interaction will ba dacumented by a combination of

bischemical and functional indices such as growth, cell-mediated immunity, and morbidity
dus to respiratory infections,

—— =}
- ‘\

Weaknesses:

Pacebo control: The proposed intarvention study is not placebo-controlied. a result, the
experimental design i§ adequate to address intsractive but _g_g;,zndepandem etfects of
vitamin A and zine on the outcome variables. The need for a placebs control is
demonstrated by a previous study in Thailand in which alsvations of plasma zinc and ratinol
concentrations in a placeba group were nearly as large as those produced by vitamin A
and/ar 2inc supplementation (Udomkesmalee ot al. 1992). The investigators recantly
completed placebo-controlled trials of vitamin A supplemsntation in infarts at the

intarnational Cantre for Diarrhoeal Disease Rasearch in Bangledesh !Rahman et al. 1995,

Rahman &t ai. 1996). Thus omission of a placsba contrel group appears to be basad
primarily on financial constraints.

Duration of intarventicn: The proposed duration of supplementation with vitamin A andior
zinc is only two weeks. This supplementation period is likely to be adequate tc detect 2
vitamun A-zinc interaction by biochemical indices, such as serum retinol, serum RuP, and
MRDR values, but inadequate 1o dstact an interaction by functional indices such as growih
ard morbidity due to cespiratery infections which are listed as major outcome variables. A
1979 study reported slight but significant increases in plasma vitamin A and R8P in

malnourished indian children aftsr anly 5-10 days of oral zinc supplementation 140 mg/day)
{Shingewar st al 1879),

Evaluatien rd

-

-

8{ W The vitamin A-zinc interaction will bs documentsd by a combination of Biochemica: and

s Junctionsl indices. The duration of supplamentation is adequate to dstsct improvemants in
‘ biochsmical indices such 3s serum ratinol. serum RBP, and MRDR valuas, put is likely to be
Ll +

inadequate 19 detact improvements in soma tunctional indices
morbi dity dUa toTaspiratory-infections ———— — — ——
_______.—-—-—‘—'___—-_

-

Pralecs Site

such as growth and

The propased project is highly fassible as proposed in tha specitic lacation. (f fundec. this
project wiil continye the long-tarm and successtul ccilaborstion of the University of

Alsbama at Birmingham asnd the International Centre for Diarrhoeat Cisease Resear=r,
Dhaka, Bangiadesh,
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The findings of this project will ba extrapolatable to other populations of children with
prevslent vitamin A deficiency and protain energy malnutrition,

Summary :

"The proposed project addrasses an important problem with a potential clegr benefit in terms
of ensuring adequacy of vitemin A nutriture in high-risk populations and resultant
improvements in child morbidity and mortality. The duration of the intervention is adequste
to detect a vitamin A-zinc interaction by biochemicai indices of vitamin A nutriture and
possibly by improvements in eell-mediated immunity. The duration of supplemsntation is
likely to be insdequate to detect functional improvements in terms of growth or morbidity
due to respiratory infections which are listed as maler outcome variables. The experimantal
design would ba strengthaned by inclusion of 8 placebo control group which would allow
the investigators to addres2 independent as well as interactive affects of vitamin A and
zinc on the outcome variables. However, these improvements in experimental design
would markedly increase the cost of the project. Drs. Alvarsz, Rahmean and collsagues are
making fundamental contributions to understanding of physiological factors that precipitate

vitamin A deficiency. They sre extremely well-qualified to direct the proposed resgarch
which should receive a high priority for funding,

/
OVERALL PROJUECT SCORE: 4.5 \/




Proposal Review
Authors: Alvarez & Raliman

Tide:  Effects of Simultaneous Zinc and Vitamin A supplementation on
the Bicavaiiztility of Vitamin A

1. Impact o Child Health: The concurrence of Vitamin A (VA) and zinc
deficiencies in some populations is a real problem. There is little doubt that the
efficiency of supplemeniation of VA in improving health status in some children is
Jessened by low zine status. It would be important to determine whether co-
administration is effective in this population. Qge difficulty i8 the possible
sustainability of this approach of daily supplementation of both nutrients in 2 iarge
population. It could be instituted as standard practice in hospitals or ¢linics if prov
efficacious. Howevey, it would be more difficult outside of these environments.

2.  Pracucal Application: See comments in #1. Also, it would be j'ust. as easy (0
provide VA and zinc 15 VA slone as 2 supplement although at some higher cost .

3. Funding Considerations: This is a very reasonable budget. not at all inflatac,

4. Purpose and—@bjew This is a very well designed and written proposal
excef?cr‘(o minor things~ First. the title really is misleading. The work does
not déal with bioava.ilabiljl_Aﬁ,i_fﬁ. It deals with improvement of health with
sunultaneous zinc and VA supplementation. Sécoedl on pg. 5 the level of zinc
supplementation is listtd a¢ 40 mgs whils itfis 20 mgs dai v clsewhere. In that
regard, have the authors of the proposal considered the copper status of the
population? 4C mgs day cerraunly would reduce copper absorpticn: 20 mys ina;
as well. Overall, h.  ver, the purpose and aims of the work are excellent

5. Project Design: Clearly thisisa su-ength of the proposal. Careful
consideratiun was given to all decails needed to make this a succassfu? wor.

6. Evaluation: Sxcells i

7. Project Site: The investigaiors ba:  an excellent track record at working
together. This {s a most appropriate - .=,

8. Replicability: Yes, I believe it is replicable.

9. Sumcmary: This research team has an excellent track record of preducing
.acasingful r= lte frem an appropniate population m Bangladesh. The details of
the design ¢ e wora anu me:l.ods -~ exceilent This work is important. and
the results w _. be of interestto'areat .  cw  ang's'=+» The only mipor

ceccern ts the erfTects of zine suzplemenatoe on copper satss of the chilaen. The
overall project score is 4.7,

e - -



Response to reviewers’ comment
Reviewer 1
I Placebo group

We agree with the reviewer that a placebo group is needed to strengthen the design. In
" fact, in the initial proposal {concept paper) which was submitted to Thrasher had 4 groups;

one of those was placebo. Later one of the reviewer of the concept paper suggested to
eliminate the placebo group to reduce cost and also on the ethical ground. Therefore,

according to the suggestion of the reviewer we have proposed the study without a placebo.

The word ‘placebo’ was not delated from the protocol layout on page 5 and in the lay abstract
section by mistake. We, feel that the reviewer has rightly suggested to include a placebo
group. We will revise our proposal by adding a placebo group.

2. Duration of supplementation

There are several studies with zinc supplementation of various duration starting from 2
weeks to several months. However, data for combined vitamin A and zinc supplementation is
not available. The main purpose of zinc supplementation is to replete the zinc deficiency to
normal which as we hypothesized will increase the availability of vitamin A. Zinc
supplementation for 2 weeks will be adequate to improve the zinc status and subsequently
increase serum retinol and RBP. Zinc supplementation alone might not be adequate to
improve the growth rate or to reduce morbidity. But the combined effect of zinc and vitamin
A might exert a beneficial effect (interaction or synergistic effect). The purpose of our study
will be to evaluate whether the addition of zinc can overcome the-failure of vitamin A
supplementation alone. So, long term supplementation will not be a practical approach too.

3. Dose of supplementation

Vitamin A : A dose of 200,000 U is recommended for children aged 1 year and above
by WHO. There is no evidence of adverse effect with 200,000 IU vitamin A in a one-year old
child. : .

Zinc: We will give 20 mg of elemental zinc (in one place 40 mg is a printing
mistake) which is-2 times of RDA. This dose for two weeks should not be toxic to children of
this age, particularly in malnourished children.

4. Exclusion criteria s
Presence of infections and hospitalization are exclusion criteria. In exclusion section

(a) “absence” is a printing mistake. [t will be “presence of systemic infection ......
As we have mentioned {d) wt/age refers to % of weight/age median NCHS median.



5. Urine collection

A metabolic balance study is indicated for measuring the exact losses stool or/and
urine. However, a balance study is expensive and is very difficult to perform in children who
are not sick. Further more, we do not expect loss of retinol and zinc in urine of apparently
healthy children. Excretion of retinol was reported in children with diarrhea and pneumonia
(Alvarez et al. 1995, Stephensen et al. 1994). In normal children there should be virtually no
loss of retinol. We proposed to measure retinol and zinc in urine to investigate whether there
is any loss at all. If there is loss further balance studies will be needed for quanlification.
Eight hour sample collection although is not accurate, will be a surrogate measure of loss of
vitamin A and zinc if any in urine. We will collect urine using a sterile PUC bag which

should not contain any zinc and after collection we will store itin a zinc free container (test
tube).

The male children will be enrolled to ensure urine collection.
6. Blood samples

Collection

Two ml venous blood (from antecubital vein) will be drawn in a zinc free container
(test tube). The samples will be kept in a box containing ice and will be transported to
ICDDR,B Biochemistry laboratory. The blood will be centrifuged at the LAB and serum wiil

be preserved at -70 0 C until analysis. The time interval between blood collection and
centrifugation will be less than an hour,

Two ml blood will be adequate for serum retinol, RBP and zinc. One m! for retinol
and RBP and 1 ml for zinc. We can collect in 2 tubes. However, for convenience we will
collect blood in one tube (zinc free) and transport it to the laboratory immediately.

Sample Analysis

Samples will be analyzed at ICDDR,B Biochemistry Laboratory. The ICDDR,B
biochemistry Lab has established techniques to analyze many macro and micronutrient/trace
minerals including retinol, zinc and iron. The ICDDR,B Biochemistry Lab has been
measuring zinc and retinol since 1977 and has been participating in the quality control
program of NIST, USA. NIST has evaluated [CDDR,B as one of the excellent Laboratories
(one of the top tens).

Atomic absorption spectrophotometric method (AQAC) is available at ICDDR,B and
will be used for analyzing serum for zinc.

Radial immunodiffusion kits for RBP are available at ICDDR.B and are being used for
measuring retinol binding protein.

7. Omittimg the assessment of CMI  will noi reduce the sample size because for weight



gain variable the sample in each group is 94 (95 for CMI). As mentioned by the reviewer, the
cost of CMI kit is $ 25/kit. However, previously we bought it for $8/kit. So, we feel that by
spending only § 8000 we will be able to examine the effect of zinc/vitamin A interaction
effect on cell mediated immunity as measured by skin test reactogenicity.

8. Sample size

For calculating sample size we assumed 25% increase in retinol and RBP
concentrations. We think that this is a reasonable estimate. We can even find a much higher
increase. A 25% morbidity reduction although is a high expectation is possible.

9. Budget

Travel cost for follow-up is estimated as $2/visit. The subjects will not be paid. It is
an average estimate. Some visits will cost less and some will more.

The cost of buying a computer is approximately $3500 as we needed in the past.
10.  The reviewer has rightly mentioned that diarrhea and respiratory infection morbidity
will be good functional indices to measure the zinc-vitamin A interaction. Diarrhea morbidity
will double the sample size and cost. So, we will not be able to study that many subjects. We
will have the respiratory infection morbidity. Also, we will be collecting information on
diarthea morbidity without extra cost and effort and we will be able to examine to see
whether there is any trend of difference in reduction of diarrhea morbidity.

11. Evaluation.

We will be able to measure the biochemical parameters at ICDDR,B with accuracy.
However, whether measuring zinc levels in blood is a good indicator for zinc status is

questionable. Serum zinc levels will be a proxy indicator of baseline and post dose zinc
status.

12.  Data on zinc deficiency

As we have mentioned in our proposal, prevalence data on zinc deficiency in
Bangladesh is not available particularly at community level. Clinic-based data shows that
45% children attending ICDDR,B hospital (coming from urban and peri-urban community of
Bangladesh for treatment of diarrhoea) are deficient of zinc when serum zinc was taken as an
indicator (SK Roy. personal communication).

13. Fasting

[t is very difficult to keep small children over night fasting. However, we can draw
blood 2-3 hours after last feed.



14. Whe will record morbidity data ?
The study health workers will collect and record morbidity data weekly.

15.  The reviewer has rightly mentioned that other micronutrient (s) deficiency may
confound the results. This is a real problem in such a study. However, our hypothesis is that
zinc deficiency is the most limiting factor for vitamin A metabolism and interaction of
vitamin A with zinc more than any other micronutrient.

Reviewer # 2.

Subject enrollment

As mentioned above (reviewer 1, item 4) subjects with infection at the time of
enrolment will be excluded from study.

Reviewer # 3

1. Inclusion of a placebo group ,
As discussed above in response to reviewer # 1 (item 1) we will add a placebo group.

2. Duration of supplementation has been discussed above (reviewer 1, item 2).

Review # 4

As we have mentioned above (reviewer 1, item 3) the dose of zinc will be 20 mg (2 x
RDA). A dose of 20 mg zinc should not interfere with copper absorption.
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April 29, 1997

RE: Dr. Myjibur M. Rahman

To Whom It May Concern:

This is to confirm that Dr. Rahman successfully defended his dissertation proposal entitled
Effect of Simultaneous Supplementation of Vitamin A and Zinc on the Bioavailability of
Vitamin A for the Doctor of Public Health degree in the Department of International Health
in February 1997.

If additional information is necessary, please feel free to contact me.

Sincerely,

j 2o / M{/? ’
Jose O. Alvarez, PhD .

Professor and Chairman
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