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Zinc deficiency is a common nutritional problem in adult sickle-cell disease (SCD) pa-
tients. Hyperzincuria and increased requirement of zinc due to continued hemolysis in
SCD are probable bases for zinc deficiency in these patients. Zinc deficiency affects
adversely T-helper ; (TH,) functions and cell mediated immunity and interleukin (IL)-2
production is decreased in zinc deficient subjects. We hypothesized that zinc supple-
mentation will improve T-helper ; function and decrease incidence of infections in pa-
tients with SCD. We tested this hypothesis in 32 SCD subjects who were divided in three
groups (Grs A, B, and C). Grs A( n=11) and B (n =10) were zinc deficient based on cellular
zinc criteria and Gr C ( n = 11) were zinc sufficient. Gr A subjects were observed for 1 year
(baseline), following which they received zinc acetate (50 to 75 mg of elemental zinc orally
daily) for 3 years. Gr B subjects were observed for 1 year (baseline), following which they
received placebo for 1 year and then switched to zinc supplementation (50 to 75 mg of
elemental zinc orally daily) for 2 years. Gr C subjects did not receive any intervention
inasmuch as they were zinc sufficient. Prolonged zinc supplementation resulted in an
increase in lymphocyte and granulocyte zinc ( P=0.0001), and an increase in interleukin-2
production ( P = 0.0001), decreased incidence of documented bacteriologically positive
infections ( P = 0.0026), decreased number of hospitalizations and decreased number of
vaso-occlusive pain crisis (P =0.0001). The predominant pathogens isolated were staph-
ylococci and streptococci involving the respiratory tract and aerobic gram-negative bac-
teria, particularly ~ Escherichia coli, involving the urinary tract. Further confirmation of our
observations will require prospective studies of zinc supplementation in a larger number

of SCD patients. Am. J. Hematol. 61:194-202, 1999. © 1999 Wiley-Liss, Inc.
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INTRODUCTION sodes [2]. The resultant hyperzincuria and a high protein
turnover due to increased hemolysis increases the daily
Zinc deficiency is relatively common in adult sickle-requirement for zinc significantly in SCD patients. This
cell disease (SCD) patients, affecting approximately 6@rcreased requirement for zinc is not met by the usual
70% of adult subjects in our center [1]. Our diagnosis dfietary intake. The role of the intestinal absorption in the
zinc deficiency is based on zinc levels in lymphocytes
and granulocytes in SCD patients.
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homeostasis of zinc in SCD still remains to be investthat a much larger percentage of patients with pulmonary
gated. infiltrates probably have associated viral infections
Our previous studies have shown that growth delay20,24].
hypogonadism in males, abnormal dark adaptation, hy-Contributing factors to increased susceptibility to in-
perammonemia, and cell-mediated immune disordeesctions in patients with SCD appear to include a state of
were related to zinc deficiency in SCD patients [3—10functional asplenia, an opsonophagocytic defect due to
Response to zinc supplementation trials showed ian abnormality of the alternative complement pathway,
creased growth and gonadal development in males, iamd a deficiency of specific circulating antibodies. The
provement in dark adaptation, decreased plasma ammale of abnormalities of cell mediated immunity that have
nia concentrations, correction of anergy, increased naheen detected in some SCD patients is less clear.
ral killer cell (NK) lytic activity, increased T4 to T8 ratio, Our own findings suggest that zinc deficient subjects
increased serum thymulin activity (a thymic hormonbkave impaired IL-2 production and reduced NK activity.
involved in T-helper (TH) cells proliferation and differ-Inasmuch as zinc deficiency is known to affect cell me-
entiation), and increased CD8+CD73+ precytolytic celdiated immunity adversely, we hypothesized that the cell
[3-11]. mediated immune dysfunction in patients with SCD will
Zinc deficiency has been also documented in SCie corrected and incidence of infections decreased by
patients between the ages of 3—-18 years. Patients clagsie supplementation. To test this hypothesis we have
fied as having “poor” growth had a lower serum zinconducted a sequential treatment design study of zinc
concentration than those with “normal” growth [12]supplementation in SCD subjects and the results of this
Other observers have likewise reported the occurrencestdidy are presented in this paper.
zinc deficiency in SCD patients [13-16].
Infection is the most common cause of death in Chik/lETHODS
dren with SCD, and is predominantly due to lethal pneu-
mococcal sepsis in children less than 3 years of age [17]We recruited 32 SCD subijects for this study who were
Survival past the age of 3 without prior recognized babeing followed in the hematology-sickle cell adult clinic
terial infection is associated with a markedly reduced risit the Detroit Medical Center. Twenty-six subjects were
of pneumococcal sepsis. Some older SCD subjects hdn@mozygous for SCD. Three subjects had SC disease and
observed an increased incidence of salmonella infectithree were diagnosed to havggShalassemia. The group
and increased mortality and morbidity due to tuberculavas comprised of 16 males and 16 females. Their ages
sis in patients with SCD. The risk of salmonella osteganged from 19 to 49 years. Thirty-one subjects were
myelitis is several hundred times greater in patients withithin the age group of 19 to 43 and one woman was 49
SCD as compared to the normal population [18]. Apears of age. Twenty-three subjects were between 19 and
increased incidence of urinary tract infection due t80 years of age. Subjects who voluntarily consented to
Escherichia coli,with clinical pyelonephritis in up to participate in our studies were recruited. Exclusion cri-
25% of adults with SCD has been observed [19,20kria were as follows: (i) nonambulatory; (ii) receiving
These patients appear to be susceptible to Enterobacteansfusion more than six per year; (iii) drug dependent;
Klebsiella infection also. Our own clinical impression igiv) neurological or psychiatric deficits; (v) subjects on
that a large number of adult SCD patients who are askhmunosuppressive drugs; (vi) patients who were posi-
mitted to the hospital give suggestive evidences for uppiare for HIV; and (vii) patients who were positive for
or lower respiratory tract infection or urinary tract infechepatitis B.
tion prior to the onset of pain crisis. The clinic subjects had a regular routine physical
Some investigators have observed that patients witheck-up, hematological evaluation, and other routine
SCD are unusually susceptible to infection duéigco- laboratory tests. These included a complete history and
plasma pneumonia&ften manifesting unusual clinical physical examination, SMA-12, routine urinalysis and
features [21]. Although proven examples of viral hepaell blood count. History of fever, upper respiratory tract
titis in SCD patients do not suggest increased incidentgection, lower respiratory tract infection, urinary tract
of this infection, 20-40% prevalence of macronodulanfection, and episodes of pain crisis were particularly
cirrhosis among adult subjects has been reported [20]ethphasized. Subjects were asked specifically if they
has been shown that primary infection with Parvovirusere taking any nutritional supplements, especially zinc.
B19 is the major cause of aplastic crises in patients wi#tinc supplemented subjects were not eligible for partici-
SCD [22]. Cryptococcal pneumonia and pneumonia dyation in this study.
to cytomegalovirus in patients with SCD have been also SCD patients with mild or moderate deficiency of zinc
reported [23]. Mycoplasma andhlamydia pneumoniae were selected for a zinc supplementation clinical trial.
cause the most common infections associated with thbe criteria for deficiency of zinc were decreased zinc
acute chest syndrome [20] in SCD patients. It is believéelvel in either lymphocytes (<5Qg/10'° cells) or granu-
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locytes (<42ug 10 cells) or both as established by ounusly published [25,26]. All precautions to avoid con-
previous studies [25]. All other subjects with lymphocytéamination during collection, preparation, and analysis
zinc level >50g/10° cells or granulocyte zinc >42 were exercised.
1g/10° cells were considered to have normal zinc status. We utilized flameless technique for measurement of
) ) zinc in neutrophils, lymphocytes and plasma by using a
Evaluation of Infections Varian SpectrAA-4D Zeeman atomic absorption spectro-
The evaluation of subjects included: (i) routine physiphotometer. The triple distilled water for all solution
cal examination and routine hematological tests, urinalgreparation and sample dilutions were processed through
sis, and SMA-12 laboratory tests every 4 months; and (&) system consisting of ultrapure “demineralizing” car-
evaluation at the time of suspected infection. Historicélidges (Sybron Barnstead Co., Boston, MA). This water
data included past hospitalizations, frequency of transfwas essentially ion-free.
sions, sexual history, history of drug abuse, and immu- The chemicals used were AR grade (Fisher Scientific
nization. Co. Fair Lawn, NJ). Standards were prepared from bo-
Acutely symptomatic, febrile patients were evaluatedne liver (1577A) obtained from National Bureau of
by an infectious disease consultant who was a blind&fandards (Gaithersburg, MD). Three pools of internal
observer. Inpatient and outpatient subjects had a costandards consisting of pooled lymphocytes, pooled
plete history and physical examination, blood culturgranulocytes and pooled platelets were used to check for
complete blood count, multiphasic profile, and chest Xnterassay variation.
ray. Patients with upper respiratory tract symptoms andLymphocytes and granulocytes were harvested simul-
signs had throat swabs taken for bacterial culture. P@aneously by discontinuous gradient using Histopaques
tients with lower respiratory symptoms and signs hatD77 and 1119 (Sigma). Lymphocytes and granulocytes
respiratory secretions stained and cultured for routimeere prepared for zinc analysis by a method published
bacteria. In those with pneumonia not responding to roprevious [25,26].
tine antibiotics, bronchoscopically obtained alveolar la- ) o
vage fluid was stained for bacteria/mycobacteria and cifterleukin (IL)-2 Determination
tured for bacteria, mycobacteria, fungi, and mycoplasma.Peripheral blood mononuclear cells (1 x51@lls/ml)
Patients with symptoms suggestive of urinary tract infecsolated by Histopaque™ (Sigma) density gradient were
tion had centrifuged clean catch urine specimens stainadtured in RPMI-1640 supplemented with 10% FBS, 50
and cultured for bacteria. All febrile patients had bloodM B-mercaptoethanol, 2 mM-glutamine and 0.1%
cultures taken. gentamicin at 37°C under 95% air/5% GCCells were
Outpatient SCD patients were asked to record theircubated with 10ug PHA-P/ml to generate IL-2. Su-
daily oral temperatures in the morning, and twice a daypiernatants were harvested after 24 hr and stored at —20°C
they were experiencing symptoms suggestive of any iantil assayed.
fection (upper respiratory tract infection with productive IL-2 was assayed by commercially available ELISA
or nonproductive cough and/or chest pain, and burnikgs (Quantikine, R&D Systems, Minneapolis, MN). The
sensation with urination). They were instructed to visihterassay variation within the ELISA kits was approxi-
the Infectious Disease Clinic if their oral temperature wasately 7.7-9.2% for IL-2. Proper controls and standards
greater than 101°C and persisted for more than 2 daysere included with each assay.

Evaluation of Acute Vaso-Occlusive Zinc Supplementation Trial Design

(Painful) Crisis We screened adult SCA subjects for cellular zinc lev-
The clinical team responsible for evaluating acutels and immunological parameters. In every case, at least
vaso-occlusive pain crises consisted of two hematolwo separate determinations were carried out during
gists and one physician assistant. The clinical staff welbaseline. We completed a sequential treatment design
blinded observers. They diagnosed and managed the gtady of zinc supplementation in 21 zinc-deficient sub-
tients for vaso-occlusive crisis. A painful crisis was dgects who were divided into two groups. Gr A zinc de-
fined as a visit to the Detroit Medical Center facility thaficient subjectsif = 11) were observed for 1 year (base-
lasted more than 6 hrs for acute sickling-related palime), following which they received zinc as acetate daily
affecting several sites, which were treated with a pareorally for 3 years. Six subjects received 50 mg of el-
terally administered narcotic and parenteral fluids.  emental zinc (25 mg bid) daily for 3 years. Although we
) instructed our patients to take zinc supplement 1 hr be-
Assessment of Zinc Status fore each meal, we can not be sure if this was fully
Zinc was measured in the plasma, granulocytes, aodmplied with. Three subjects received 50 mg of elemen-
lymphocytes by established techniques in our laborataigl zinc daily orally for 2 years and then they were
before and after zinc supplementation by methods pregwitched to 75 mg of elemental zinc daily orally in the
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TABLE |. Effect of Zinc Supplementation on Laboratory Parameters*

Repeated
measures analysis

Base period First year Second year Third year Time**
(mean + SD) (mean £ SD) (mean * SD) (mean = SD) Time (p) Grp ()

Changes in plasma zingg/dl)

Gr A (11) 82.87+£8.3 96.72 £ 15.0 100.18 +82.4 111.45+17.2

Gr B (10) 83.93+15.0 88.66 £ 13.7 95.76 £10.9 112.20+20.5 0.0005 NS
Gr C (11) 91.84+12.0 96.80 = 16.4 102.20+14.1 —

Changes in lymphocyte zinq.§/10% cells)

GrA(11) 47.45+3.6 51.76 +3.1 53.20+2.6 55.50 + 3.2

GrB (10) 47.78+3.2 48.35+3.5 53.38+3.0 54.97 £3.9 0.0001 0.011
Gr C (11) 50.22+3.5 51.43+4.4 51.65+5.5 —

Changes in granulocyte zinpg/10*° cells)

GrA(11) 40.76+3.4 44.35+4.8 4545 +4.4 4590+3.3

GrB (10) 39.71+4.4 41.77+4.2 46.16 +3.1 46.63+3.8 0.0001 0.03
Gr C (11) 42.71+53 4165+35 43.46 £5.6 —

Changes in IL-2 production (pg/ml)

GrA(11) 272.7+246.7 5985+5448 1014.2+365.8 1538.7 +1086.8

GrB (10) 255.5+290.1 354.6 +336.5 975.3+685.8  1428.3+1067.8 0.0001 <0.0001
GrC (11) 307.7+253.1 245.1+188.6 279.7 +255.7 —

*Gr A, Subjects were followed for 1 year (baseline period) following which they received zinc for 3 years. Gr
B, Subjects were followed for 1 year (baseline period) following which they received placebo for 1 year and then
zinc for 2 years. Gr C, Subjects received no intervention and were followed for 3 years. h& significant.

third year. The patients were instructed to take the additiction increased significantly in both Grs A and B.
tional pill (25 mg of zinc capsule) at bed time. TwaChanges in lymphocyte zinc, granulocyte zinc, and IL-2
subjects received 50 mg of elemental zinc daily orally fggroduction also showed group differences over time
the first year and then 75 mg of elemental zinc dailywhich were statistically significant. Gr C showed no sig-
orally for 2 years. Blood samples were obtained at thdficant changes in 3 years in the above parameters.
end of each 12-month period for analysis. Thus, our interpretation is that the laboratory parameters
Gr B zinc deficient subjectsn(= 10) were first fol- changed with time due to zinc supplementation.
lowed for 1 year (baseline), and then were given placeboTable Il shows the effect of zinc supplementation on
orally for 1 year. Following placebo, five subjects rehemoglobin, hematocrit and reticulocyte count. Repeated
ceived 50 mg of elemental zinc daily orally for 2 yearsneasures analysis showed no changes in hemoglobin and
The other five subjects in Gr B, following placebo, rehematocrit, and a marginal decrease in reticulocyte count
ceived 50 mg of elemental zinc orally daily for 1 year angh Grs A and B with time was observel & 0.1).GrC
75 mg of elemental zinc, the next year. Thus, both Gr &nowed no significant change in any of the above param-
and Gr B subjects were followed for 4 years altogethegierg during 3 years.

Gr C zinc sufficient subjects)(= 11) did not receive  Taple |11 shows that with time, there was a significant
any intervention. They were followed for 3 years. Thigacrease in the incidence of documented and clinical
group served as zinc normal controls for Grs A and Bintections in Grs A and B. Documented infections rep-
Statistical Analysis resent those where infections were confirmed with posi-
tive bacteriological cultures. The clinical infections were
randomized groups. In order to determine the impact ca?se?/;lt\jlgﬁrc%tg?iﬁ?gcutirgﬁ \gjéﬁ gigl?tlvsrbrlétss?rg\t/\é?d '?rlzljlrlzlt
zinc supplementation, pairdetests were used to exam-, tions. bronchitis. or bneUMon pﬁ)n th P ¥in :
ine change in the measures from baseline to year 1. 'IJHEGC ons, bronchitis, or pneumonia. € case of Incl-

zinc supplemented group was compared to the pIace%%nce_Of documented infections, there was also a signifi-
group. To determine by group over time and for grouf@nt différence among groups over the study peride:(

crossed with time a repeated measures analysis technigi3): Analysis of Group (Gr) C showed no statistically

The initial analyses examined the equivalence of t

was utilized. significant difference over time. Thus, our interpretation
is that the changes observed with time in the incidence of
documented infections were related to zinc supplemen-
RESULTS tation in both Grs A and B.

Table | shows that during the study period, plasma Table IV shows that with time, there was a significant
zinc, lymphocyte zinc, granulocyte zinc, and IL-2 proehange in the number of hospital admissions and vaso-
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TABLE Il. Effect of Zinc Supplementation on Hemoglobin, Hematocrit, and
Reticulocyte Count*

Repeated
measures analysis

Base period First year Second year  Third year Time**
(mean + SD) (mean + SD) (mean+ SD) (mean+ SD) Time (p) Grpp

Hemoglobin g %

Gr A (11) 8.97+0.9 8.84+0.5 8.65+0.8 8.80+1.2

Gr B (10) 10.24+1.8 9.94+1.6 10.04+1.5 9.75+1.6 0.46 0.60
Gr C (11) 8.53+1.9 8.91+22 8.53+2.0 —

Hematocrit %

Gr A (11) 26.39+2.9 26.0+£2.0 2539+3.1 26.05+4.4

Gr B (10) 29.85+5.1 29.17+4.7 29.48+4.2 29.46 + 4.7 0.76 0.89
Gr C (11) 24.89+5.9 2546+7.1 25.69+7.3 —

Reticulocyte %

Gr A (11) 12.16+7.0 1266+7.1 11.90+7.7 10.00+5.2

Gr B (10) 8.96+2.8 9.3+4.2 10.44+6.1 8.18+2.6 0.10 0.54
Gr C (11) 11.44+4.1 10.95+7.6 10.72+7.0 —

*Gr A, Subjects were followed for 1 year (baseline), following which they received zinc for 3 years. Gr B,
Subjects were followed for 1 year (baseline), following which they received placebo for 1 year and then zinc for
2 years. Gr C, Subjects received no intervention and were followed for 3 years.

TABLE lll. Effect of Zinc Supplementation on the Incidence of Infections*

Repeated
measures analysis

Base period First year Second year Third year Time**
(mean + SD) (mean £ SD) (mean+SD) (mean*SD) Time (p) Grp (p)

Incidence of documented infections

Gr A (112) 1.73+1.2 0.36+0.5 0.36+0.5 0.09+0.5

Gr B (10) 1.70+1.5 1.30+1.4 0.50+0.7 0.30+0.06 0.0026 0.03
Gr C (11) 0.73+0.8 0.64+0.7 0.55+0.5 —

Incidence of clinical infections

Gr A (11) 1.27+1.1 0.36 £ 0.6 0.00+0.0 0.00+0.0

Gr B (10) 0.90+0.9 0.60+0.8 0.10+0.3 0.00+0.0 0.0006 0.09
Gr C (11) 0.27+0.4 0.36£0.5 0.18+0.4 —

*Gr A, Subjects were followed for 1 year (baseline), following which they received zinc for 3 years. Gr B,
Subjects were followed for 1 year (baseline), following which they received placebo for 1 year and then zinc for
2 years. Gr C, Subjects received no intervention and were followed for 3 years.

TABLE V. Effect of Zinc Supplementation on Hospital* Admission and Vaso-occlusive
Pain Crisis

Repeated measures

analysis

Base period First year Second year  Third year Time**Group

(Mean + SD) (Mean £ SD) (Mean + SD) (Mean = SD) Time (p) [(»)]
Number of hospital admissions
Gr A (11) 7.18+3.4 6.90+3.6 4.72+3.4 3.36+3.0
Gr B (10) 7.20+6.3 8.00+5.2 5.10+45 3.20+2.9 0.0001 0.07
Gr C (11) 454+4.4 536+5.3 454+43 —
Vaso-occlusive pain critis
Gr A (11) 7.00+3.3 6.72+3.6 4.46+3.4 32729
Gr B (10) 6.70+6.5 7.60+5.4 490+4.3 2.80+2.7 0.0001 0.09
Gr C (11) 445+45 5.18+4.38 436+45 —

*Gr A, Subjects were followed for one year (baseline), following which they received zinc for 3 years. Gr B,
Subjects were followed for 1 year (baseline), following which they received placebo for 1 year and then zinc for
2 years. Gr C, Subjects received no intervention and were followed for 3 years.
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TABLE V. Effect of Zinc Supplementation on Various Parameters Comparison of Zinc
vs. Placebo During the First Year*

Base period First year Pairedest )
Lymphocyte zinc
Gr A (11) 47.45 + 3.6 51.76 £3.1 0.03
Gr B (10) 47.78 £3.2 48.35+ 3.6 NS
Gr C (11) 50.22 £ 3.6 51.43+4.4 NS
Incidence of documented infections
Gr A (11) 1.73+1.2 0.36 £0.5 0.0038
Gr B (10) 1.70+£15 1.30+14 NS
Gr C (11) 0.73+£0.8 0.64+0.7 NS
Incidence of clinical infections
Gr A (11) 127+1.1 0.36 £0.7 0.024
Gr B (10) 0.90+0.9 0.60+£0.8 NS
Gr C (11) 0.27+0.5 0.36+0.5 NS
Number of hospital admissions
Gr A (11) 7.18+3.4 6.90 £ 3.6 NS
Gr B (10) 7.20+£6.3 8.00+5.2 NS
Gr C (11) 454 +4.4 5.36£5.3 NS
Vaso-occlusive pain crisis
Gr A (11) 7.00+£3.3 6.72 £ 3.6 NS
Gr B (10) 6.70 £ 6.6 7.60+5.4 NS
Gr C (11) 4.45+45 5.18+4.8 NS

*Gr A, Subjects were followed for 1 year (baseline period) following which they received zinc for 1 year.
Gr B, Subjects were followed for 1 year (baseline period) following which they received placebo for 1
year. Gr C, Subjects received no intervention.

TABLE VI. Documented Pathogens and Sites of Infection in Different Groups

GrA GrB GrC
Baseline 1 yr Zinc Baseline 1 yr Placebo Baseline 1 yr Control
8 S. aureus 3 S. aureus 4 S. aureus 9 S. aureus 3 S. aureus 2 S. aureus
[7-Pneumonia [3-Pneumonia] [2-Tonsillitis] [3-Pneumonia (blood culture[3-Pneumonia] [1-Pneumonia]
(blood culture [2-Bacteremia] positive in 2 cases)] [1-Tonsillitis]
positive
in 2 cases)]
[1-Tonsillitis] [6-Tonsillitis]
2 Strep. pneumoniae 4 Strep. pneumonia 3 Strep. pyogenes 1 Strep. pneumoniae 1 Strep. pneumoniae
[2-Tonsillitis] [4-Pneumonia] [3-Tonsillitis] [1-Pneumonia] [1-Pneumonia]
5E. Coli 1 Strep. agalactia 3 E. Coli 1 N. gonorrhea 3 E. Coli 3 E. Coli
[5-Urinary tract inf.] [1-Urinary tract inf.] [3-Urinary tract inf.] [8Jrinary tract inf.] [3-Urinary tract inf.]
1 K. pneumoniae 1 P. mirabilis 1 K. pneumoniae
[1-Urinary tract inf.] [1-Urinary tract inf.] [1-Leg wound infection]
2 Candida albicans 3 Strep. pyrogenes 1 P. aeroginosa
[2-Pharyngitis] [3-Tonsillitis] [1-Leg wound infection]
1 Chicken pox 2 H. influenza
[1-Tonsillitis]
[1-Sinusitis]

occlusive pain crisis in Grs A and B. The group differobserved for lymphocyte zinc and incidence of docu-
ences over time with respect to hospital admission amiented and clinical infections but no differences were
vaso-occlusive pain crisis were of borderline significancgeen with respect to number of hospital admissions or
(P = 0.07 andP = 0.09, respectively). number of vaso-occlusive pain crisis (Table V). We in-
Gr A subjects f = 11) received 50 mg of elementalterpret this to mean that whereas changes in the incidence
zinc daily orally for 1 year following 1 year of baselineof infections and lymphocyte zinc were observed with 50
observation, whereas Gr B subjects £ 10) received mg of elemental zinc supplementation per day for 1 year,
placebo daily orally for 1 year. At the end of 1 year othis dosage and duration were not sufficient to show any
supplementation, the data were compared and analyzgfitct on vaso-occlusive pain crisis.
by pairedt-test. Statistically significant differences were The mean incidence of documented and clinical infec-
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TABLE VII. Effect of Different Doses of Zinc Supplementation on Number of Hospital Admissions and Vaso-Occlusive
Pain Crisis*

Repeated measures

analysis
Base period First year Second year Third year Time**Group
(mean * SD) (mean + SD) (mean = SD) (mean = SD) Time (p) (p)
Number of hospital admissions
Doses*
0/0/50/50 (5) 11.2+6.8 11.8+4.3 8.8+3.3 54+24
0/0/50/75 (5) 22+1.7 42+22 14+08 14+1.2 0.0003 0.001
0/50/50/50 (6) 6.0+3.8 6.3+3.6 45+29 45+3.4
Number of vaso-occlusive pain crises
0/0/50/50 (5) 10.8+7.1 11.8+4.3 8.4+3.1 50+2.1
0/0/50/75 (5) 26+20 3.4+15 5.1+0.8 0.6+0.8 <0.0001 <0.03
0/50/50/50 (6) 6.0+3.8 6.3+3.6 43+4.2 3.8+34

*0/0/50/50, following base period placebo the first year, 50 mg of elemental zinc the other 2 years. 0/0/50/75, following base period placebedhe firs
50 mg of elemental zinc the second year and 75 mg elemental zinc the third year. 0/50/50/50, following base period 50 mg of elemental zinc all 3 years.

tions, hospital admission and vaso-occlusive pain crisisWe encountered no side-effects due to zinc supple-
was not changed at the end of the first year in Gr @entation in this study. Plasma copper levels showed no
subjects of observation. decrease due to zinc supplementation (data not shown).
Table VI shows the patterns of documented infections.
Respiratory tract and urinary tract were most commonB
affected. The predominant pathogens isolated we éSCUSSION
staphylococci and streptococci involving the respiratory Zinc deficiency was first recognized in humans in
tract and aerobic gram-negative bacteria, particul&rly 1963 [27], and is now known to be fairly widespread
coli, involving the urinary tract. throughout the world [28]. In the Middle East, we ob-
Table VII shows the effect of different doses of zinserved that most of the zinc deficient dwarfs did not
supplementation on the number of hospital admissiosarvive beyond the age of 25 and we were told by local
and vaso-occlusive pain crisis. Over time, there waspaysicians that pneumonia, parasitic diseases, or viral
significant change in the number of hospital admissiomsfections were responsible for their deaths. Several ab-
and the incidence of vaso-occlusive pain crisis in SChormalities of cell-mediated immunity have been ob-
patients. There were also significant group differencegrved in zinc-deficient humans [28-30]. An extreme ex-
over time with respect to the above parameters. Our iample of the effects of zinc deficiency on the human
terpretation is that with 50 mg of elemental zinc supplémmune system is acrodermatitis enteropathica, a genetic
mentation for one year and 75 mg of elemental zirdisorder of zinc malabsorption [28]. This condition is
supplementation for an additional year and 3 years of B@aracterized by mucocutaneous lesions, diarrhea, failure
mg of elemental zinc supplementation to SCD patients thrive, and frequent severe infections with fungi, vi-
resulted in a significant reduction in the incidence afuses, and bacteria. Affected subjects have decreased
vaso-occlusive pain crisis in the last year of observatiothymic hormone activity. All these changes are corrected
The reduction in the incidence of vaso-occlusive paloy zinc supplementation [28].
crisis following 3 years of 50 mg of elemental zinc daily A mild deficiency of zinc which is widespread and
supplementation in the last year was 12 to 40% companeetvalent throughout the world is associated with de-
to the previous year, whereas following the supplemeanreased thymulin activity, reduced ratio of CD4+/CD8+
tation of 50 mg of elemental zinc daily for 1 year and-cells, decreased THfunction and decreased produc-
then increasing the dose of 75 mg of elemental zinc daiipn of IL-2 [10]. All these abnormalities are corrected by
for an additional year, the incidence of vaso-occlusivanc repletion [10]. Inasmuch as IL-2 plays a central role
pain crisis decreased almost 80% in SCD patients im the expansion and maintenance of thymocytes and
comparison to the incidence in the previous year. In thperipheral T-cell populations, the generation of anti-viral
repeated measures analysis, subjects who received 50ang anti-tumor specific cytotoxic T-cell, delayed type
of elemental zinc for 2 years and 75 mg of elemental zifypersensitivity responses and up-regulation of NK lytic
in the third year, it = 3) and subjects who received 5Qactivity implies that mild zinc deficiency could also lead
mg the first year and 75 mg of elemental zinc for twdo increased susceptibility to infections.
years, (i = 2) were excluded because of small numbers. In this study microbial culture-validated infection data
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were obtained for bacterial infections but not for viratlaily, a dose 5 times the RDA, induced an increase in
infections. Our results showed a highly significant effedt.-2 production in Grs A and B which was considerably
of zinc supplementation on reduction of incidence dajreater than which we observed in normal non-zinc-
bacterial infections in SCD patients. This may be becausepplemented control subjects. This raises the possibility
zinc affects multiple aspects of the immune system. Zirtbat supranormal zinc supplementation induces greater
deficiency affects adversely THtytokine production, B than normal cytokine production.
lymphocyte development, and antibody production, asBrewer et al. [36] observed that zinc supplementation
well as immunological functions of macrophage [31]. Iin higher dosage (25 mg of elemental zinc every 4 hrs)
addition to its effects on bacterial infections, we alsdecreased significantly the number of irreversible sickle
observed a decrease in the incidence of clinical infecells and the incidence of vaso-occlusive pain crisis was
tions, mainly representing episodes of acute bronchitidecreased in patients with SCD. They related this effect
upper respiratory tract infections, and pneumonia, withf zinc to an inhibition of calmodulin activity and cal-
negative culture reports, suggesting that these infectioziam leakage inside the sickle cells.
may represent viral etiology. Viral infections may trigger The only toxicity of high level of zinc supplementation
acute episodes of pain, bone marrow aplasia, and splekmown is that it results in copper deficiency but this is
sequestrations of red cells in SCD patients [20,22,24]easily correctable by oral copper administration in RDA

Zinc supplementation in zinc deficient subjects (Grs Amount. We have monitored plasma copper levels and
and B), resulted in an increase in zinc concentration iave not observed any decrease in our subjects due to
the plasma and cells, an increase in IL-2 production, amthc supplementation. We monitored both plasma and
a decrease in the incidence of infections. Gr C repreellular zinc levels, which increased significantly in zinc-
sented normal zinc status SCD subjects and in these ssibpplemented subjects, indicating that patients were in-
jects the incidence of infections, number of hospital adleed taking their zinc capsules. However, a lack of re-
missions and number of vaso-occlusive pain crises wari@rocal effect on copper levels suggests that our patients
much less in comparison to the subjects in Grs A and Brobably took zinc with their meals in spite of our direc-
Thus, our results of zinc supplementation and a follow upns. Zinc can be administered to pregnant women also
of zinc normal SCD subjects suggest that it is clinicallinasmuch as it is not mutagenic.
beneficial to maintain a normal zinc status in SCD pa- We conclude from the results of the pilot study de-
tients. scribed here that long term zinc supplementation is a safe

Several reports have shown that in addition to erytltherapeutic modality for treatment of adult SCD patients
rocytes, endothelial cells and leucocytes play importawhich may decrease the incidence of infections, vaso-
roles in the onset and maintenance of vaso-occlusionanclusive pain crises, and hospital admissions. Confir-
sickle cell disease [32,33]. Cytokines, coagulation facaation of this conclusion will require further prospective
tors, and atherogenic factors such as homocysteine adsadies of zinc supplementation is SCD patients by using
seem to play roles in vaso-occlusive events [32]. larger numbers of test subjects.

Soluble adhesion molecules are released by endothe-
lial cells upon pro-inflammatory cytokine stimulation
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