View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by eCommons@AKU

THE AGA KHAN UNIVERSITY eCommons @AKU
Pathology, East Africa Medical College, East Africa
January 2005

Plasma zinc concentrations are depressed during
the acute phase response in children with
falciparum malaria

C.Duggan
Children's Hospital, Boston

WB. MacLeod

Boston University

N.E Krebs
University of Colorado Health Sciences Center

J.L. Westcott
University of Colorado Health Sciences Center

WW. Fawzi
Harvard School of Public Health

See next page for additional authors

Follow this and additional works at: http://ecommons.aku.edu/eastafrica_ths mc pathol
& Dart of the Pathology Commons

Recommended Citation

Duggan, C., MacLeod, W,, Krebs, N., Westcott, J., Fawzi, W., Premji, Z., Mwanakasale, V., Simon, J., Yeboah-Antwi, K., Hamer, D.
(2005). Plasma zinc concentrations are depressed during the acute phase response in children with falciparum malaria. Journal of
Nutrition, 135(4), 802-807.

Available at: http://ecommons.aku.edu/eastafrica_fths_mc_pathol/75


https://core.ac.uk/display/47263581?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.aku.edu/Pages/home.aspx?utm_source=ecommons.aku.edu%2Feastafrica_fhs_mc_pathol%2F75&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.aku.edu/Pages/home.aspx?utm_source=ecommons.aku.edu%2Feastafrica_fhs_mc_pathol%2F75&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.aku.edu/Pages/home.aspx?utm_source=ecommons.aku.edu%2Feastafrica_fhs_mc_pathol%2F75&utm_medium=PDF&utm_campaign=PDFCoverPages
http://ecommons.aku.edu?utm_source=ecommons.aku.edu%2Feastafrica_fhs_mc_pathol%2F75&utm_medium=PDF&utm_campaign=PDFCoverPages
http://ecommons.aku.edu/eastafrica_fhs_mc_pathol?utm_source=ecommons.aku.edu%2Feastafrica_fhs_mc_pathol%2F75&utm_medium=PDF&utm_campaign=PDFCoverPages
http://ecommons.aku.edu/eastafrica_fhs_mc?utm_source=ecommons.aku.edu%2Feastafrica_fhs_mc_pathol%2F75&utm_medium=PDF&utm_campaign=PDFCoverPages
http://ecommons.aku.edu/eastafrica_fhs_mc_pathol?utm_source=ecommons.aku.edu%2Feastafrica_fhs_mc_pathol%2F75&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/699?utm_source=ecommons.aku.edu%2Feastafrica_fhs_mc_pathol%2F75&utm_medium=PDF&utm_campaign=PDFCoverPages
http://ecommons.aku.edu/eastafrica_fhs_mc_pathol/75

Authors
C. Duggan, W.B. MacLeod, N.F. Krebs, J.L. Westcott, WW. Fawzi, Zul Premji, V. Mwanakasale, J.L. Simon, K.
Yeboah-Antwi, and D.H. Hamer

This article is available at eCommons@AKU: http://ecommons.aku.edu/eastafrica_fhs mc_pathol/75


http://ecommons.aku.edu/eastafrica_fhs_mc_pathol/75?utm_source=ecommons.aku.edu%2Feastafrica_fhs_mc_pathol%2F75&utm_medium=PDF&utm_campaign=PDFCoverPages

JN THE JOURNAL OF NUTRITION

Community and International Nutrition

Plasma Zinc Concentrations Are Depressed during the Acute Phase
Response in Children with Falciparum Malaria®

Christopher Duggan,*' William B. MacLeod,** Nancy F. Krebs,* Jamie L. Westcott,*
Wafaie W. Fawzi," Zul G. Premiji,™ Victor Mwanakasale,™ Jonathon L. Simon,**
Kojo Yeboah-Antwi,**T Davidson H. Hamer,***? and

the Zinc Against Plasmodium Study Group?®

*Division of Gastroenterology and Nutrition, Children’s Hospital, Boston, MA; "Department of Nutrition,
Harvard School of Public Health, Boston, MA; **Center for International Health and Development, Boston
University School of Public Health, Boston, MA; *Section of Nutrition, Department of Pediatrics, University of
Colorado Health Sciences Center, Denver, CO; ""Muhimbili University College of Health Sciences, Dar es
Salaam, Tanzania; *Tropical Diseases Research Centre, Ndola, Zambia; "Malaria Consortium, Accra, Ghana;
and 3Gerald J. and Dorothy R. Friedman School of Nutrition Science and Policy, Tufts University, Medford, MA

ABSTRACT Plasma concentrations of some micronutrients are altered in the setting of acute infectious or
inflammatory stress. Previous studies have provided conflicting evidence concerning the extent and direction of
changes in plasma zinc concentrations during the acute phase response. We carried out an observational cohort
study in 689 children enrolled in a randomized trial of zinc supplementation during acute falciparum malaria in order
to evaluate the relation between plasma zinc concentration and the acute phase response. Plasma zinc was
measured by atomic absorption spectrophotometry. On admission, 70% of all subjects had low plasma zinc (<9.2
fLmol/L). Multivariate analysis of predictors of admission plasma zinc showed that admission C-reactive protein
(CRP), parasite density, and study site were the most important predictors. Predictors of changes in plasma zinc
from admission to 72 h included baseline CRP, change in CRP, treatment group, study site, and baseline zinc
concentration. In children with acute malaria infection, baseline plasma zinc concentrations were very low and were
inversely correlated with CRP (r @ —0.24, P < 0.0001) and the degree of parasitemia (r ¢ —0.19, P < 0.0001). Even
when CRP and time were taken into account, zinc supplementation increased plasma zinc concentration from
admission to 72 h. When available, plasma zinc concentrations should be interpreted with concurrent measures of
the acute phase response such as CRP. In children whose age, diet, and/or nutritional status place them at risk of
zinc deficiency, those with low plasma zinc levels should be supplemented with oral zinc and followed for clinical

and/or biochemical response.

J. Nutr. 135: 802—-807, 2005.
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THE RELATION BETWEEN PLASMA MICRONUTRIENT CONCENTRATIONS
AND THE EXTENT OF THE BODY'S ACUTE PHASE RESPONSE IS AN
IMPORTANT FACTOR IN THE DESIGN AND CONDUCT OF STUDIES IN THE FIELD
OF HUMAN NUTRITION, TW0 MICRONUTRIENTS FOR WHICH THIS RELATION
HAS BEEN OF PARTICVLAR INTEREST ARE VITAMIN A AND ZINC BLOOD
(ONCENTRATIONS OF VITAMIN A ARE DEPRESSED DURING THE ACUTE
PHASE RESPONSE (1-5), AND IT I§ DEBATABLE WHETHER THESE
(HANGES ARE RELATED T0 VITAMIN A REDISTRIBUTION THROUGHOUT THE

1 Supported by a Cooperative Agreement between Harvard University and the
Office of Health and Nutrition of the United States Agency for International
Development.

2 To whom correspondence should be addressed. E-mail: dhamer@bu.edu.
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(Ecuador); Emmanuel Addo-Yobo, Paul Arthur (deceased), and Sam Newton
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Joseph Konde-Lule, and Emmanuel Mukisa (Uganda); and Modest Mulenga,
Thomas Sukwa, and John Tshiula (Zambia).
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BODY, INCREASED EXOGENOUS LOS§ (6,7), AND/OR INCREASED META
BOLIC NEEDS (8). BECAUSE (LINICAL SIGNS OF VITAMIN A DEFICIENCY
(AN OCCUR AMONG WOMEN (9) AND CHILDREN (5) WITH DECREASED
RETINOL CONCENTRATIONS AND ELEVATED ACUTE PHASE RESPONSE
MARKERS, IT SEEMS INCORRECT T0 ASCRIBE THESE LOW BLOOD LEVELS T0
MERELY A PHYSIOLOGIC RESPONSE TO INFECTIOUS OR INFLAMMATORY
STRESS.

SIMILAR, ALTHOVGH FEWER, DATA HAVE BEEN DESCRIBED I0R THE
RELATION BETWEEN  ZINC BLOOD (ONCENTRATIONS AND THE ACUTE
PHASE RESPONSE. MOST EXPERIMENTALLY INDUCED  INFECTIONS IN
ANIMALS AND HUMANS SHOW A DECREASE IN PLASMA ZINC CONCEN-
TRATIONS (10), WITH MORE SEVERE INFECTIONS LEADING TO A MORE
SIGNIFICANT DECREASE. EXTENSIVE EXPERIMENTAL WORK HAS DEMON-
STRATED THAT HEPATIC METALLOTHIONEIN IS INVOLVED IN THE RE
YPONSE T0 STRESS. METALLOTHIONEIN CAN BE INDUCED BY INFUSION OF
DEXAMETHASONE OR OTHER GLUCOCORTICOIDS, ENDOTOXIN, Ok CYTO
KINES (11-13). INCREASES IN METALLOTHIONEIN AND METALLOTHIO-
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NEIN MRNA ARE (ORRELATED WITH INCREASED HERATIC ZINC AND A
(ORRESPONDING REDUCTION OF CIRCVIATING ZINC,

SOME ANIMAL MODELS OF INFECTION, HOWEVER, HAVE SHOWN AN
INCREASE IN PLASMA TZINC WITH INFECTIOUS/INFLAMMATORY STRESSES
(14,15), AND THE RESULTS OF (LINICAL STUDIES HAVE NOT BEEN
(ONSISTENT. PLASMA ZINC (ONCENTRATION WAS NOT SIGNIFICANTLY
AFFE(TED BY COMMON INTERCURRENT INFECTIONS SUCH A§ DIARRHEA
AND RESPIRATORY TRACT INFECTION IN 3 COMMUNITY-BASED STUDIES IN
PRESCHOOL- AND SCHOOL-AGE CHILDREN (16).

ACUTE  MALARIA INFECTIONS, ESPECIALLY THOSE DVE T0 Plasmo-
dium falciparum, ARE NOTABLE TOR VERY HIGH FEVERS AND A SEVERE
ACUTE PHASE PROTEIN RESPONSE (17,18). PREVIOUS STUDIES HAVE
LINKED LOW CIRCULATING LEVELS OF VITAMINS A AND E WITH THE
ACVTE PHASE RESPONSE OF MALARIA (19,20). HOWEVER, THE IMPACT
OF THE ACUTE PHASE RESPONSE ON BLOOD ZINC CONCENTRATIONS IN THE
SETTING OF ACUTE MALARIA HAS NOT BEEN REPORTED. USING DATA FROM
A (LINICAL TRIAL OF ZINC SUPPLEMENTATION 1IN (HILDREN WITH ACUTE
MALARIA (21), WE SOVGHT T0 EVALUATE THE RELATION BETWEEN PLASMA
LINC CONCENTRATION AND THE ACUTE PHASE RESPONSE IN SUBJE(TS
ENROLLED IN THIS TRIAL IN ADDITION, WE WERE ABLE TO EVALVATE THE
RESPONSE  OF BLOOD ZINC (ONCENTRATION T0 ORAL ZINC
SUPPLEMENTATION.

METHODS

Study population. 4§ FREVIOUSLY DES(RIEED (21), THE STUIY Wi§ A
MULTICENTER, RANDOMIZED, DOUBLE-BLIND,  RLACEBO-CONTROLLED (LINICAL
TRIAL OF SUPPLEMENTAL ZINC AMONG CHILDREN WITH UNCOMPLICATED FAL(I
PARUM MALARI4, SUBJECT ENROLIMENT TOOK PLACE BETWEEY DECEMBER
1998 AND MAY 2000 AT THE FOLLOWING SITES HOSPITAL DELFINA TORRES
(ESMERALDAS CITY, ECUADOR), KOMFO ANOKYE TEACHING HOSPITAL (KU-
MASI, GHANA), KISARAWE DISTRI(CT HOSPITAL (KISARAWE, TANZANIA),
MPIGI HEALTH CENTER (MPIGI, UGANDA), AND ARTHUR DAVISON CHILDREX
HOSPITAL (NDOLA, ZAMBIA), CHILDREN BETWEEN THE AGES 0F 6 AND 60 MO
WHO PRESENTED WITH FEVER (AXILLARY TEMPERATURE > 373°C) AND
>2000/LL ASEXUAL FORMS OF P. falciparum IN & THICK BLOOD SMEAR WERE
RAYDOMIY ASSIGNED EITHER ZINC (20 MG/D FOR (HILIREY <12 MO AND 40
M6/D 0k CHILDREN 4GED 12-60 MO) OR FLACEBO R THE FINT 3 D OF THE
STUDY, (LINICAL AND PARASITOLOGIC OUTCOMES WERE NOTED AT 3, 7, 14, AND
28 D, EXCLUSION (RITERIA INCLUDED HEMOGLOBIN < 70 6/L; SEVERE MALARIA
AV DEFINED BY THE FRESENCE OF ANY OF THE FOLLOWING (EREERAL MALARIA,
SEVERE ANEMIA, RENAL FAILURE, FULMONARY EDEMA, HYROGLYCEMIY, SHOCK,
SPONTANEOUS BLEEDING, REFEATED (ONVULSIONS (22); NONEALCIARUM OR
MIXED Plasmodium INFECTIONS; CONCURRENT SEVERE INFECTIONS (LE., LOWER
RESIRATORY IVEECTION, ACVIE OTITIS MEDIA, PYELONEPHRITIS, TYFHOID FE-
VER, BLOODY DIARRHEA, MENINGITIS, OR MEASIES), SEVERE DEHYDRATION;
MALNUTRITION 4§ DEFINED BY THE WELLCOME (RITERIA (23) (LE, MARAS
MUS, KWASHIORKOR, OR MARASMIC KWASHIORKOR); INABILITY 10 TOLERATE 0RAL
MEDICATIONS OR FLUIDS; (HRONIC ILINESS (INCLUDING TUBERCVLOSIS, AXDS,
SEVERE (ONGENITAL ANOMALTES, SICKLE (ELL DISEASE); AND PRIOR PARTICIRA-
TIOF IV THIS TRIAL

IN ACCORDANCE WITH YATIONAL TREATMENT GUIDELIEY AT THE TIME OF
THE TRIAL CHLOROYUINE (10 M6/KG ON D 0, 10 M6/K6 ON D 1, AND 5 MG/K6
ON D 2) WAS GIVEN AS FIRVTLINE TREATMENT OB MATARIA, TREATMENT FATIVAE
WAS IEFINED AS THE FRESENCE OF AXILLARY TEMMEMATURE > 375°C AND
PARASITEMIA > 25% OF THE BASELINE LEVEL AT 72 H. PARASITOLOGIC FAILVRE
WA§ DEFINED A§ PARASITEMIA > 25% OF THE BAELINE LEVEL WITH RESOLV
TION OF FEVER (LE, TEMPERATVRE < 37.5°C AT 72 H). IF EITHER A
TREATMENT OR A PARASITOLOGIC FATLVRE OCCURRED, SUBJE(TS WERE CHANGED T0
A STANDARD DOSE OF EITHER AMODIAQUINE OR SULFADOXINE PYRIMETHAMINE
AS SECONDLINE  ANTIMALARIAL THERAFY, ALL SURJECTS RECEIVED STANDARD
MEDICAL (ARE TOR ANY (ONCURRENT ILLNESSES THAT WERE FRESENT AT BASELINE
OR DEVELOPED VRING THE STUDY, THIS INCLUED APPROPRIATE ANTIMICRO- BIAL
THERAPY rgmm RESFIRATORY INFECTIONS, DISENTERY, AND OTHER TREATABLE
INFE(TIONS,

ITHICAL AFPROVAL OF THE §TUDY WAS OBTAINED FROM THE INSTITUTIONAL
REVIEW BOARDS AT EACH SITE AND THE HARVARD SCHOOL OF FUBLIC HEALTH,
WRITTEN IVFORMED (ONGENT W4S OBTAINED FROM THE PARENT R GUARDIAX
0F EACH SUBJECT.

Laboratory methods. BL00D IOR PLASMA ZINC MEASUREMENT WAS
TAKEN ON D O BEFORE THE ADMINISTRATION OF THE STUDY DRUG AND THEN AT
72 H BERORE THE LAST DOSE OF ZINC OR PLACEBO WAS GIVEN, SAMPLES WERE
OBTAINED  JUST BEFORE MEALS, VENOUS BLOOD WAS DRAWN WITH ZINC-EREE
SYRINGES AND DPLACED INTO HEPARINIZED ZINC'EREE TUBES, BLOOD WA§ IM
MEDIATELY (ENTRIFUGED AND PLASMA WAS TRANSFERRED INTO ZINC'EREE TUBES
WITH & PLASTIC ZINCFREE PIPET AND FROZEN AT —20°C. PLASMA ZINC WAS
ASSAYED BY ATOMIC ABSORRTION SPECTROPHOTOMETRY AT THE PEDIATRIC
NUTRITION LABORATORY AT THE UNIVERSITY  OF COLORADO HEALTH SCIENCES
(ENTER (24). PLASMA (-REACTIVE PROTEIN (CRRP)* WA§ MEASURED VIA
IMMUNOTURBIDIMETRIC ASSAY (ROCHE  DIAGNOSTICS). DUE T0 LOGISTI(AL
(ONSTRAINTS, WE ANALYZED PLASMA ZINC AND CRP CONCENTRATIONS FROM 3
OF THE 5 SITES (GHANA, TANZANIA, AND ZAMBIA).

Data analysis. WE USED SAS SOFTWARE, VERSION 8.2 (SAS INSTI
TUTE), FOR STATISTI(AL ANALYSIS. UNIVARIATE (ORRELATES OF BASELINE PLASMA
ZINC WERE COMPARED  VSING PEARSON (ORRELATION (OEFEICIENTS, BASELINE
(HARACTERISTI(S WERE COMPARED USING LOGISTIC REGRESSION FOR (ATEGORICAL
VARIABLES USING PROC LOGISTIC AND ANOVA [0R CONTINUOUS
VARIABLES USING PROC ANOVA ALLOWING FOR ADJUSTMENT OF MULTIRLE
COMPARISONS, USING THE SCHEFEE TEST (25). MANTEL-HAENSZEL RELATIVE
RISKS FOR THE DIFFERENCES IN ZINC DEEICIENCY WERE CALCULATED USING
PROC FRES.

PREDICTORS OF BASELINE PLASMA ZINC WERE MODELED VSING A GENERAL- IZED
LINEAR MODEL VSING PROC REG. VARIABLES ELIGIBLE FOR INCLUSION INTO
THE MODEL WERE ADMISSION CRP, TREATMENT GROUR, SITE, AGE IN
MONTHS,  ANTHROPOMETRIC MEASUREMENTS  (WEIGHT FOR AGE Z-SCORE
{WAZ , HEIGHT FOR AGE Z-§CORE (HAZ), WEIGHT FOR HEIGHT Zz-SCORE
WHZ), MEAN UPFER ARM (IRCUMFERENCE), TREATMENT FAILURE, PRESENCE
OF OTHER ILLNESS, PARASITEMIA, AND ADMISSION TEMPERATURE EACH VARI- ABLE
(OR GROVPR IN THE CASE OF INDICATOR VARIABLES) WAS ENTERED INTO THE
MODEL SEQUENTIALLY AND THEN REMOVED, AND THE ONE WITH THE LARGEST F
VALUE WA§ RETAINED, THIS (ONTINVED VNTIL ALL THE VARIABLES WITH A P
VAIVE < 0.05 WERE RETAINED IN THE MODEL AT THIS ROINT, 2WAY
INTERACTION TERMS WERE ENTERED INTO THE MODEL USING THE SAME (RITERIA,
NONE OF THE ¥WAY INTERACTIONS HAD 4 P VALVE < 0.05 T0 BE RETAINED
IN THE MODEL,

IN ORDER TO MODEL THE PREDICTORS FOR CHANGE IN PLASMA ZINC FROM
ADMISSION TO0 72 H, WE VUSED A REGRESSION MODEL WITH THE CHANGE IN
PLASMA ZINC FROM ADMISSION T0 72 H A§ THE BASELINE USING PROC REG.
WE INCLUDED ADMISSION PLASMA ZINC AS ONE OF THE PREDICTORS TO
ACCOUNT EOR THE DIFFERENCES IN PLASMA ZINC AT BASELINE. THE DETAILS OF THIS
MODEL CONSTRUCTION WERE SIMILAR T0 THOSE DESCRIBED ABOVE. VARI- ABLEN
ELIGIBLE FOR INCLUSION INTO THE MOIEL WERE ADMISSION CREP, THE
CHANGE IN CRP FROM ADMISSION T0 72 H, TREATMENT GROUR, SITE, A6E IN
MONTHS, TREATMENT FAILURE, PRESENCE  OF OTHER ILLNESS, ANTHROPOMETRIC
MEASUREMENTS (WAZ, HAZ, WHZ, MEAN UPPER ARM C(IRCUMFERENCE),
ADMISSION  PARASITEMIA, ADMISSION TEMPERATURE, AND CHANGE IN PARA-
SITEMIA FROM ADMISSION T0 72 H.

ALL VARIABLES INCLUDED 1IN THE FINAL MODELS WERE DETERMINED T0 BE
INDERENDENT BY ASSESSING COLINEARITY WITH THE EIGEN VALUE (25).

RESULTS

BASELINE (HARACTERISTICS OF THE STUDY GROURS SHOWED COMPA-
RABLE AGE AND §EX DISTRIBUTIONS AMON6 THE 3 SITES (Table 1).
MORE (HILDREN IN TANZANIA WERE BREASTEED (OR 145, 95% (I
1.05 70 2.0), USED BEDNETS (OR 12.6, 95% CI 8.3 T0 19.2), AND
WERE GIVEN ANTI'MALARIAL MEDICATION 1IN THE 7 D BEFORE ADMIS
SI0N (OR 2.22, 957% (X 1.58 10 3.13) THAN (HILDREN IN GHANA
AND TAMBIA. NUTRITIONAL STATUS, INCLUDING WEIGHT, HEIGHT, AND ARM
ANTHROPOMETRICS, WAS (OMPARABLE AMONG ALL SITES, AS WERE
ADMISSION TEMPERATURE AND THE PEAK TEMPERATURE IN THE FIRI
24 H AT ADMISSION, TANZANIAN SUBJECTS HAD LOWER CRP (P
© 0.002), HIGHER PLASMA ZINC (P < 0.0001) AND LOWER HEMO-
6LOBIN (P < 0.0001) CONCENTRATIONS THAN SUBJECTS IN GHANA
AND ZAMBIA, (HILDREN 1IN GHANA HAD LOWER LEVELS OF PARA
SITEMIA THAN THOSE IN TANZANIA AND ZAMBIA (P < 0.0001).

4 Abbreviations used: CRP, C-reactive protein; HAZ, height for age Z-score;
WAZ, weight for age Z-score; WHZ, weight for height Z-score.
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TABLE 1

Baseline characteristics of subjectst

Variable Tanzania (n € 221) Zambia (n € 260) Ghana (n ¢ 208) All (n ¢ 689)
Gender (% male) 115 (52) 140 (54) 108 (52) 363 (53)
Breastfeeding 106 (48) 109 (42) 73 (35) 288 (42)
Bednet use by child 118 (53) 16 (6) 23 (11) 157 (23)
Prior antimalarial use

in previous 7 d 89 (40) 63 (24) 46 (22) 198 (29)
Age, mo 24.0 (12to 36) 24.0 (13to 39) 24.0 (14to 40) 24.0 (13to 38)
WAZ -1.2(-2to -0.3) -1.4(-2to —-0.6) -1.1(-2to —0.5) -1.2(-2to —0.5)
HAZ -1.2(-2to -0.3) -1.5(-2to —-0.6) -1.1(-2to -0.2) -1.2(-2to —0.4)
WHZ -0.4(-1t0.37) -0.5(-1to0 .07) -0.4(-1to0 .20) -0.4(-1to .21)
Mid upper arm circumference,

cm 15.0 (14 to 16) 15.0 (14 to 16) 15.0 (14 to 16) 15.0 (14 to 16)

Axillary temperature, °C
Parasitemia, (asexual forms of
P. falciparum), n/fLL

38.3 (380 39)

44,000 (7,040 to 153,000)

Parasitemia 0-9999 68 (31) 40 (15)
Parasitemia 10,000-99,999 70 (32) 149 (57)
Parasitemia > 100,000 83 (38) 71 (27)

Hemoglobin, g/L
Plasma zinc, fLmol/L
Low plasma zinc2 (<9.2
fLmol/L), n/total n
Plasma CRP, mg/L
Maximum 24-h axillary
temperature, °C

83 (7610 92)
9.55 (7.96 t0 11.48)

81/183 (44)
55 (30 to 100)

206/233 (88)

38.7 (38 to 40)

39.1 (39 to 40)

46,680 (17,980to 110,380)

91 (81 to 100)
6.76 (5.51 10 8.11)

78 (43to 130)

39.3 (39 to 40)

38.6 (3810 39) 38.7 (380 39)

12,200 (3,540 to 49,120) 34,400 (8,200 to 88,760)

93 (45) 201 (29)
110 (53) 329 (48)
5(2) 159 (23)

92 (81to 100)
6.84 (5.20t0 9.64)

88 (79'to 100)
7.59 (5.97 t0 9.64)

139/194 (72)
70 (32to 110)

426/610 (70)
68 (35 to 120)

39.0 (38 to 40) 39.1 (38 to 40)

1 Values are n (%) or medians (interquartile range).

2 For this variable the total n differs because of incomplete sampling collection and/or hemolysis.

PLASMA ZINC AND CRP CONCENTRATIONS CHANGED SIGNIFICANTLY
BETWEEN BASELINE AND 72 H (Figs. 1 AND 2) THE PROPORTION OF
(HILDREN WITH LOW PLASMA ZINC (<9.2 fLMOL/L) WAS 66% IN THE
LZINC GROUP AND 737% IN THE PLACEBO GROVP (RR 091, 95% (I

30
Placebo Zinc
25
=
=
;5 20 :
; -
5 H H
N
<
g
& 10+
E H
5_
O -
0 72 0 72
Time, h
FIGURE 1 Box plots of plasma zinc at time 0 and 72 h by placebo

and zinc groups. Values are illustrated by box plots with the box
representing the 25th and 75th percentiles (ends of boxes). The upper
and lower whiskers are drawn from the box to the most extreme point
within 1.5 interquartile range. The median is represented by the hori-
zontal line in the box. Outliers are represented by dots. The mean
concentration of plasma zinc at 72 h differed from that at time 0 h for
both placebo (P < 0.0001) and zinc groups (P < 0.0001).

0.82 70 1.0I) (70% FOK THE 2 GROVPS COMBINED) ON ADMISSION,
THE PRORORTION OF CHILDREN WITH LOW PLASMA ZIN( AT 72 H
IE(REASED TO 30 AND 4X% IN THE ZINC AND PLACERO GROUES,
RESEECTIVELY (RR 0.75, 95% CI 0.60 T0 0.93).

BASELINE FLASMA ZINC CONCENTRATION WAS SIGNIFICANTLY ASS0-
(IATED WITH SEVERAL FA(TORS, INCLUDING AGE (PEARSON r & —0.12,
P ¢ 0.002), WHZ (- ¢ 0.08, P < 0.05), PARSITE JENSITY (-

50 -
Placebo Zinc

3
By 40 7
g
.8
8
& 304
g ,
S 204 .
&)
[
g
= 10+
oy

(] -

0 72 0 72
Time, h
FIGURE 2 Box plots of plasma CRP at time 0 and 72 h by placebo

and zinc groups. See Figure 1 for box plot legend. The mean concen-
tration of plasma CRP at 72 h differed from that at time O h for the
placebo group (P € 0.0002), although the zinc group showed no
difference between baseline and 72 h (P ¢ 0.81).
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& 019, P < 0.0001), BASELINE CRP (- ¢ —024, P
< 0.000I), AND FEAK BODY TEMPERATURE IN THE HIMT 24 K (-
& —0.16, P < 0.0001).

MULTIVARIATE ANALYSIS OF PREDICTORS OF ADMISSION PLASMA ZINC
(Table 2) SEOWED THAT ADMISSION CRE, PARASITE DENSITY, AND
SITE WERE THE MOST IMPORTANT EREDICTORS, VARIABLES NOT SELECTED
FOR INCLUSION 1Y THE MODEL INCLUDED AGE, BREAVTFEEDING STATUS,
TEMPERATURE, AYD ANTHROPOMETRIC MEASURES, THE MODEL SHOWS
THAT F0R EVERY INCREMENT IN CRP LEVELS BY 1.0 MG/L PLASMA
ZINC WAS 1.0 fLMOL/L LOWER. IN ADDITION, FoR EVERY 10,000 U
INCREASE IV BARASITE DENNITY, PLASMA ZINC WAS 0.08 fLMOL/L
LOWER, BOTH CRP AND PARSITE DEYSITY WERE, THEREFORE, INDE-
smmm ASSOCIATED WITH PLASMA ZINC CONCENTRATION AT ADMIS
TON.

USING LINEAR REGRESSION, WE EXAMINED FREDICTORS OF CHANGE
IN DLASMA ZINC FROM ADMISSION T0 72 H (Table 3) (ONTROLLING
FOR §TUDY SITE. SUBJECTS WHO RECEIVED ZINC SUEPLEMENTATION HAD
ON AVERAGE 4 GREATER INCREAGE IV PLAYMA ZINC DY 0.98 MMOL/L
(OMPARED TO THOSE WHO RECEIVED PLACERO. THIS EFFECT OF ZINC
SUPPLEMENTATION WAS INDERENDENT OF BOTH TIME AND CRP
(ONCENTRATION, THE CHANGE IN CRP FROM AIMISSION T0 72 H
VARIABLE SHOWS THAT CRP LEVELS WERE NEGATIVELY ASS0CIATED WITH
FLASMA ZINC CONCENTRATIONS. THIS NEGATIVE RELATION BETWEEN
THE 2 VARIABLES SHOWS THAT A¥ CRP DECLINED, PLASMA ZINC LEVELS
INCREASED. PARASITEMIA, (HANGE IN BARASITEMI4, TREATMENT RAIL
VRE, THE PRESENCE OF OTHER ILLNESS, ANTHROPOMETRIC MEASURE
MINTS, ADMISSION TEMPERATURE, AND AGE WERE NOT SIGNIFICANT
FREDICTORS OF (HANGE IN PLASMA ZINC BETWEEN BASELINE AND 72 .

DISCUSSION

IN OUR (OHORT OF 689 CHILDREN WITH ACUTE MALARI4, WE FOUND A
VERY HIGH INCIDENCE OF LOW PLASMA ZINC CONCENTRATIONS, WITH
707 OF SUBJECTS HAVING PLASMA ZINC < 9,18 fLMOL/L (60 fL6/DL)
ON ADMISSION, A (UTOFF (OMMONLY VUSED TO DENOTE ZINC DEFI
CIENCY. WE ALSO FOUND SIGNIFICANT CORRELATIONS BETWEEN EVI-
DENCE  OF ILLNESS SEVERITY (CRP, PARASITE DENSITY, AND BODY
TEMPERATURE) AND BASELINE PLASMA ZINC CONCENTRATIONS, THESE
(ORRELATIONS WERE RELATIVELY LOW BUT IN THE EXPECTED DIRE(TION
(LE., HIGHER CRP, PARASITE DENSITY, AND TEMPERATURE WERE A§
SOCIATED WITH LOWER PLASMA ZINC) MULTIVARIATE MOIELING CON-
FIRMED THAT CRP WAS A SIGNIFICANT PREDICTOR OF BASELINE PLASMA
ZINC CONCENTRATION, IN ADDITION T0 THE INDEPENDENT AND SIGNIF
ICANT EFFECTS OF PARASITE DENSITY AND STUDY SITE (HANGES IN
PLASMA ZINC OVER 72 H WERE RELATED T0 STUDY SITE, WHETHER ZINC
WAS ADMINISTERED, CHANGES IN CRP OVER TIME, AND BASELINE ZIN(
AND CRP (ONCENTRATIONS, OVR DATA THEREFORE SUGGEST THAT THE
FINDING OF LOW PLASMA ZINC ON ADMISSION WAS LARGELY BUT NOT

TABLE 2

Multivariable linear regression of plasma zinc concentration
(fLmol/L) at admission in plasma zinc and placebo groups

Variable Coefficient (95% CI)

Intercept
Admission CRP, mg/L
Admission parasite densityl

11.29 (10.69, 11.89)
~1.0 (~1.4, —0.5)
—0.08 (-0.11, —0.04)

Site
Ghana —2.82 (—3.44, —2.19)
Zambia -2.52(~3.19, —1.85)
Tanzania —2

1 nincrements of 10,000 asexual forms of P. falciparum per micro-
liter.
2 Tanzaniais reference site.

TABLE 3

Multivariable model for predicting change in plasma zinc
concentrations in plasma zinc and placebo groups from
admission to 72 h

Variable Coefficient (95% ClI)
Intercept —12.98 (—-14.39, —11.57)
Treatment group
Zinc 0.98 (0.46, 1.50)
Placebo

Admission plasma zinc, fLmol/L 0.87 (0.79, 0.96)

Admission CRP, mg/L 1.2(0.7,1.7)
Change in CRP from admission to 72 h,
mg/L -1.6(-2.0, -1.2)
Study site
Ghana 1.62 (0.95, 2.29)
Zambia 2.09 (1.39, 2.78)
Tanzania —1

1 Tanzania is reference site.

EXCLUSIVELY DUE TO THE ACUTE PHASE RESPONSE OF MALARIA INFE(- TION,
IN ADDITION, THE CHANGE IN PLASMA ZINC OVEIR 72 H WAS
AWOCIATED WITH THE (HANGE 1IN INFLAMMATION (LE., CRP) OVER
TIME AS WELL AS ZINC SUPPLEMENTATION.

PREVIOUS ~ STUDIES THAT EXAMINED THE RELATION BETWEEN ZINC
STATUS AND INFECTIOUS ILLNESSES 6ENERALLY CONCLUDED THAT DESPITE A
HIGH INCIDENCE OF ACUTE INFECTIONS AMONG CHILDREN IN DEVEL
OPING C(OUNTRIES, PLASMA ZINC (ONCENTRATIONS WERE §TILI REASON-
ABLE INDICATORS OF ZINC STATUS, INFECTIONS IN THESE STUDIES WERE
VARIOUSLY DEFINED A8 CLINICALLY APPARENT INEECTIONS GSUCH AS DI
ARRHEA, DERMATITIS, AND RESPIRATORY AND OTHER INFECTIONS, A§ WELL
AS CLINICALLY SILENT INFECTIONS BASED ON ELEVATIONS IN SERUM CRP
ANDOR ~ WHITE BL00D  (ELL COUNT. IN 3 (ROSS-ECTIONAL COM-
MUNITY-BASED ~ STUDIES AMONG  AMBULATORY (HILDREN IN POOR
(OUNTRIES, MEAN DIFEERENCES IN PLASMA ZINC (ONCENTRATION BE-
TWEEN INFECTED AND NONINFECTED CHILDREN WERE O fLMOL/L (0
fLG/DL) IN ZIMBABWE, 0.6 T0 0.8 fLMOL/L (3.9 T0 5.2 fL6/DL) IN
PERV, AND 0.6 fLMOL/L (3.9 fL6/DL) IN GUATEMALA (16).

THESE FINDINGS WERE NOTED TO BE IN (ONTRAST WITH ANIMAL AND

ADVIT DATA THAT SHOWED A SIGNIFICANT REDUCTION IN PLASMA ZINC
WITH ACUTE INFLAMMATORY STRESSES (10,26). OUR RESULTS, WHICH
ARE MORE CONSISTENT WITH THIS PREVIOUS LITERATURE, ARE LIKELY DVE
IN PART T0 THE SEVERE NATURE OF THE ACUTE PHASE RESRONSE SEEN
IN MALARI4, A§ OPPOSED T0 THAT OBSERVED AMONG CHILDREN WITH
MORE MILD INFECTIOUS ILLNESSES, BY DEFINITION, SUBJECTS WERE
ONLY INCLUDED IN OUR STUDY IF THEY PRESENTED WITH FEVER AND
EVIDENCE OF MALARIA PARASITEMIA. ~ THE CRP CONCEN- TRATION
(MEAN + SD) AT ADMISSION WAS 71 + 2 MG/L IN OUR (0HORT,
WHICH I8 SUBSTANTIALLY HIGHER THAN THAT OF OTHER STUDIES:
9.8 + 17 M6/L IN PERU (27), AND 14 0F 303 WITH CRP > 50
M6/L IN ZIMBABWE (28). OTHER STUDIES IN WHICH CRP WAS
MEASURED 10 EVALUATE THE ROLE OF THE ACUTE PHASE RESPONSE 1IN
MICRONUTRIENT STATUS HAVE REPORTED CONCENTRATIONS RANGING
FROM 3 T0 12 M6/L IN 90 CHILDREN IN PARUA NEW GUINEA (29),
0.4 70 1.6 M6/L AMONG PRESCHOOL INDONESIAN (HILDREN (5), AND
3 M6/L 1IN PREGNANT NEPALL WOMEN (9).

OUR FINDINGS EXTEND RECENT DATA ON PLASMA ZINC CONCENTRA-
TIONS IN CHILDREN WITH INTERCURRENT ILLNESSES BY SPECIFICALLY
ADDRESSING  THE ROLE OF ACUTE MALARIA IN AFFECTING THIS INDICATOR
OF ZINC NUTRITIONAL STATUS. AMONG (HILDREN IN NEPAL PRESENTING
WITH ACUTE DIARRHEA, PLASMA ZINC WAS LOWER IN CHILDREN WITH
DYSENTERY, FEVER, AND ELEVATED CRP (ONCENTRATIONS (30). IN
ADDITION, HYDRATION STATUS, SERUM ALBUMIN, AND THE PRESENCE 0F
HEMOLYSIS WERE ALSO CORRELATED WITH PLASMA ZINC CONCENTRATION.
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WIERINGA ET AL (31) REPORTED THAT AMONG INDONESIAN INFANTS
(MEAN AGE 10.1 MO), X5% HAD ELEVATED CONCENTRATIONS OF CRP
(DEFINED A§ >10 M6G/I) PLASMA ZINC CONCENTRATION WAS 15.5
+ 4.8 fLMOL/L IN THOSE WITHOUT EVIDENCE OF AN ACUTE PHASE
RESPONSE VERSUS 13.8 + 4.7 fLMOL/L (90.3 + 30.8 fL6/DL) IN
THOSE WITH ELEVATED CRP (P < 0.01). THE INCIDENCE OF LOW
PLASMA ZINC (DEFINED A§ <10.7 fLMOL/L) WAS 33.3% IN THOSE
WITH ELEVATED CRP AND XX IN THOSE WITH NORMAL CRP AND
a‘I'ACID GLYCOPROTEIN. IN (ONTRAST, OUR §TUDY SHOWED A HIGH
PREVALENCE OF LOW PLASMA ZINC (DEFINED 4§ <9.2 fLMOL/L, 4 MORE
STRI(T (RITERION) OF 70% AT BASELINE AND 30-417% AT 72 H.

IN C(HILDREN LIVING IN MALARIA ENDEMIC REGIONS, ELEVATED
CRP (ONCENTRATIONS ARE COMMON, IN RURAL (HILDREN FROM
GHANA, MEAN CRP (ONCENTRATIONS WERE 7 T0 8 M6/L (32). HURT
ET AL FOUND A MEDIAN (ONCENTRATION OF 6 M6/L AMONG >600
RVRAL TANZANIAN (HILDREN, WITH A MEDIAN VALUE OF 23.6 M6/L IN
THOSE WITH TEMPERATURE > 37.4°C ON IRESENTATION (33). THEY
ALS0 FOUND 4 (ORRELATION (+ € 0.24, P < 0.0001) BETWEEN CRP
AND MALARIA PARASITE DENSITY ON PERIPHERAL BLOOD SMEAR ONLY
A TEW STUDIES HAVE EXAMINED THE RELATION BETWEEN ZINC STATU
AND MALARIA PREGNANT MALAWIAN WOMEN  WITH A HIGH PREVA-
LENCE OF MALARIA INFECTION WERE FOUND T0 HAVE LOW PLASMA AND
HATR ZINC LEVELS, BUT THERE WAS NO RELATION BETWEEN PLASMA ZINC
AND CRP IEVELS (34). MALARIA PREVALENCE WAS ASSOCIATED WITH
HATR BUT NOT PLASMA ZINC IN THIS (OHORT (35).

PLASMA ZINC (CONCENTRATIONS ARE AN IMPERFECT MEASURE OF ZINC
NUTRITIONAL STATUS, PLASMA ZINC REPRESENTS ONLY 4 FRACTION OF
T0TAL BODY ZINC, AND ALTERNATIVE MEASURES OF ZINC STATUS SUCH A§
PLATELET, LYMPHOCYTE, OR TISSUE ZINC ARE NOT WELLSUITED FOR LARGE
FIEL) TRIAIY IN DEVELOPING (OUNTRIES (36). MEASUREMENT 0F ME-
TALLOTHIONEIN LEVELS I8 A OTENTIALLY MORE SENSITIVE ALTERNATIVE T0
PLASMA TINC FOR THE ASSESSMENT OF ZINC STATUS, METALLOTHIO- NEIN
PRODUCTION IS INDUCED BY AVAILABLE ZINC (37,38). MARGINAL ZINC
INTAKE IN A SMALL HUMAN STUDY WAS ASSOCIATED WITH A 64
REDUCTION IN METALLOTHIONEIN MRNA C(ONCENTRATIONS, WHEREAS
THERE WAS NO CHANGE IN PLASMA ZINC LEVELS (39). BOTH HUMAN
AND ANIMAL STUDIES HAVE DEMONSTRATED THAT PRODUCTION OF
METALLOTHIONEIN MRNA AND METALLOTHIONEIN  SIGNIFICANTLY IN-
(REASED AFTER JIETARY ZINC SUPPLEMENTATION (37,39,40). A TIN(
SUPPLEMENTATION STUDY SHOWED THAT T0TAL RNA EXTRACTED FROM
DRIED BL0OD §POTS EXHIBITED 4 (HANGE IN MT MRNA (OMPA-
RABLE T0 THAT OF PURIFIED MONOCYTES AND PERIPHERAL BLOOD MONO-
NUCLEAR (ELL§ (41). DRIED BLOOD SPOT COLLECTION OFFERY THE AD-
VANTAGES OF CONVENIENCE ~ AND FEASIBILITY IN FIELD SAMPLING
SITUATIONS, CONSEQUENTLY, METALLOTHIONEIN MERITS FURTHER IN-
;’EGTIGASTMN AS A POSSIBLE ALTERNATIVE MEASURE OF ZINC STATUS IN FIELD
TUDIES,

WE HAVE SHOWN THAT AMONG  (HILDREN WITH ACUTE MALARIA
INFECTION, PLASMA ZINC CONCENTRATIONS ARE VERY LOW AND ARE
INVERSELY (ORRELATED WITH CRP, A§ WELL A§ OTHER MEASURES OF
DISEASE SEVERITY SUCH AS BODY TEMPERATURE AND PARASITE DENSITY
IN PERIPHERAL BLOOD. ALTHOUGH PART OF THE DEPRESSION IN PLASMA
ZINC CONCENTRATION I§ LIKELY RELATED T0 THE REDISTRIBUTION OF ZINC
IN THE ACUTE PHASE RESPONSE, ZINC SUPPLEMENTATION WAS EFFE(-
TIVE AT IMPROVING THIS MEASURE OF ZINC STATUS, EVEN WHEN CRP
AND TIME WERE TAKEN INTO ACCOUNT. THUS CHILDREN WITH ACUTE
MALARIA AND 10W PLASMA ZINC CONCENTRATIONS MAY STILL BE AT RISK
OF ZINC DEFICIENCY, AND ASCRIBING THIS DEPRESSION  SOLELY T0 THE
ACUTE PHASE RESPONSE SEEMS UNWARRANTED, WE SUGGEST THAT LOW
PLASMA ZINC LEVELS BE INTERRRETED WITH (ONCURRENT MEASURES OF THE
ACUTE PHASE RESPONSE GSUCH AS CRP, WHEN AVAILABLE, ESPE-
(IALLY AMONG  CHILDREN WITH MODERATE TO SEVERE INEE(TIOUS ILI
NESSES, IN CHILDREN WHOSE AGE, DIET, AND/OR NUTRITIONAL STATUS PLA(CE
THEM AT RISK OF ZINC DEFICIENCY, THOSE WITH LOW PLASMA ZINC LEVELS
SHOULD BE SUPPLEMENTED WITH ORAL ZINC AND FOLLOWED FOR THE
RESOLUTION OF THIS HYPOZINCEMIA.
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