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ALTHOUGH THE %ICKLE-CELL GENE IN NEGRO POPULATIONS HAS BEEN PROVEN TO CONFER

RESISTANCE TO MALARIAL IFCCTION, OTHER GENETIC MARKERS OCCURING PREDOMINANTLY IN

NEGROES, INCLUDING GLUCOSE-
6
-PHOSPHATE OEMYOROGENASE (G-6-PO) DEFICIENCY, HAVE NOT

BEEN SHOWN TO SE ASSOCIATED WITH A LOWER INCIDENCE 07 MALARIA. HUMAN FEMALES METE-

ROZYGOUS FOR .- 6-Po DEFICIENCY, VHICH IS A SEX-LINKED GENE, HAVE A MOSAICISM OF RED

CELLS, AND THOSE CELLS DEFICIENT in G-6-PD WERE SHOWN LESS LIKELY TO HARSOR P. FALCI-

PARU%4 PARASITES OURINr. AN INFECTION. THIS SUGGESTS THAT G-6-PO DEFICIENT MALES WHEN

COMPARED WITH G-&-PD NORMAL MALES MIGHT HAVE MILDER CASES OF MALARIA, OR PERHAPS EVEN

"AVE AN OVERALL LOWER INCIDENCE OF MALARIA INFECTION. THE PRESENT STUDY WAS UNDERTAKEN

IN BLACKI AMERICANS IN VIETNAM TO DETERMINE WHETHER G-6-PD DEFICIENCY HAS ANY INFLUENCE

0% MALARIAL INCIDENCE OR THE CLINICAL SEVERITY OF MALARIAL INFECTIONS.
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G-6-PD Deficiency and Malariain Black Americans in Vietnam

ICN Thon.m. Buffer, MC, USNR'

ALnmocut the sickle-cell gene in Negro populations has A group of 2$ -,vhitr patients with malia froto thebeen proven to confer r-istance to malarial infection, other NSA Station Hspital was studied only for malaria species
genetic markers occurring predominantly in Negroes. in- distribution.
eluding glucosc-6-phosphate deh,-drogenase (G-6-PDI deti-
ciencv. have not been shown to be associated with a lower ftsultincidence of malaria. ' Human females heterozvgous forG-6-PD deficiency. which is a scc-linked gene. have a h11w cerall G-6-PD deficiency rate was 3i277 or 137

-= mosaicism of red cells, and those cells deficient in G-6-PD per cent. Table I shows the distribution of diagnostic cate-were shown less likely to harbor P fiakpanon parasites dur- gorics in all 277 subjects and the G-6-PD deficiency rate
ing an mnfection.9 This suggests that G0.-PD deficient males for each diagnosis. To determine whether C-6-PD deficiencywhen compared with G-6-PD normal males might have may have influenced the rate of malaria iv4ction in th"mi-der cases of malaria, or perhaps even have an overall patients, a comparisor betwe-en we ,r.alaria and non- Alower incidente of malaria infection. The prsent study was malaria patients was made. Table H show" that only eight
undertaken in Mack Am'z-ricans in Vietnam to determine per c-ent of malaria piatients had G.E--PD deficienty, while,wveher -f-PD defictencv has any influejc on malarial I p er ce.t of t e nonmalaria Gc:-s had this deficiency- Theircdeocc ,r the clinical ses-eritv of malarial infectios. chi-square test applied to TaLe It rtvealed that, at a 95

per cent corndence l-el. t1K 0-6-PD defient group had
a lower incidence of malaria (21 per otnt) than did the

-i-PD normal group (39 per cent).
Blood was Obtairned from 277 black subjecs who were

bosphaiized between the months of February and July 1970 "or visited the outpatient clinics ef the NSA Station hospi- ~ no mtal. Danang. the First Marines Medical Battalion. Danang. . n 4
the USS Sanctuary, the Third Field Army Hospital. Saigon,
the Sixth Convalescent Center. Cam Ranh Bay, and the 0-
483rd USAF Hospal. Cam Ranh Bar. Most subject wereadhering hita to a malaria prop vlactic rrgimen of N,-.al 4 Tai
weekly chloroquine (300 rng bare) and priinaquinec (45m ,n

base). No rccific selection wsb emnloved: all black patients
on a given ward or i. a giPvn clinic or the day that the A atnt.at 5NAMRU-2 tea.n Visited the hspital who wrre Wsling to U O.r,.td prcii 2 0 2have blood taken werr accepted. Mbut 95 per ccr- 'I tho e t- tiiaWnd Ft-r.- 3 16

asked consented to give blood. Hospital charts of ma!aria V_,i It piii, It I
patients. we re read for results of malaria sm ars, the per c.: fMma nra. 3 7of red c-ils parasitized,, thle lowet recored hematwtrit while XenreaI I)a- I I 12
in the hospital. rena function data. and fever duration if Ar-nu 2 4 A -
the- had malaria. Subje ts havng a histor- of malaria in A,-r 2
Vietnam were considmed as malaria patients. and infnuna- Pvctc Uk-n 2 3

A tion from the previeo-s hospitalization was retoided. - T-3piW F r, 2,0 7Blood was drawn into an oxalated VacutsineI and -vb f-frmt I 0placed on k e. Within three hours of veriepunrcture, a modi- li 2fication of MotuLskys Brillian: Cresyi Blue dye test for Skin Ab-ns 2 0
G-6-PD activity was performed)1 Declotration times greater Ptbn uc 'than 90 minutes wrm considered deficient A hematocrit tDiabro I 0
was performed whenever possible and was used as the lowest \frt 0rcorded hernatocrit if none lower could be found in the R I 1
subject's chart- 1>mu tern 4
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Tlhe mean of the lowesm recorded hrnatcrits in 19 of cient subjects might result in some false normals. False
. trsu e. if present in the raaria patients in this

was significantly lowr than the 4 d.3 per nt for S31 of study. would givt the Illusion of maaria proam7tion, by
the 239 normpt subjects (T = 4.051. S;miar~y. lte malauria decrasing the true incidence of G-6-PD deficiency in the
patienits with G-6-PD deticienc, had a signifficansly lower mialaria patient-S.
mean hernatocrit.135.9 per cent) than did the malaria pa-

ticnis with normal G-&PD activity f39.6 M cent) TAaa.(T = 2.5. CA NJ 09* P SH W 0 AR ZO S
Comprip-ns of the G-&PD deficient malaria patients WW "A AM Co4M WATSu

with the normal malaria patients in respect to clinical s-..-.rity af disease, duration of fever, per cent of red cells G-6-PI )--a Drfi-..m 'rowa
arasItized, and BUN cev-ations did not eL--teat significant . . ....

diffcdrerv. None of the shbicts developed rB;tal failure or Mab0a 9 8 10t

died while unde-r observ ation. ."-Mau, 146 3o 1 n
The number of malaria patients among the black sub- 239- - 277

jects was too small to determine whether the malaria-
protective effect observed was greater for P fairiparw, or P Chi-, iwr = 4351
nmnra malaria. How-eve, the proportion of pure P rwax

infections in the black malaria patients was .wnmpared with Althoagn the malaria patients with G-&PD deficiency
the group of 28 white malaria patients. The white patients had dinCai courms and severitics of illness similar to the
had six P rmur infections out of 28 total, or 21 per cent, 0.6-PD norma patients. the del' icni patiert as a group
while the blacks had I I our of 102 cass. or a Il per cent were more anemic. It appears unlikely that their more
propor'ion ofP. rimr but this diffirence -as not statistically seere anemia was caused by a htvicr Maastiration. be-
ignifican cause the parentage of red clls parasitized ir! both groups

were about the same. The more severe anemia in the
G-6-PD deficient malaria patients wzs more likely cause =

D60 i by the oxidizing drugs, notably primaquine and aspirin.
SJ The loier incidence of malaria in the (G-6-PD deficient used to treat many of thr patients. Other factor. contri-

subjet in :his study sutesis that a peotction against buting to the hemnorsis in de.ficient patients may hare ban
malaria is associated with c-6-PD derxic-ien. How-er, the stress of a febrile disease3 and the effec of hepatitis.
posible selection biases ans be considervd This study which may occur in malaria'4 -rUs hepatitis may produce
group was n randomly selced among all blacks in Vie- hemnolss in G-6-PD deficient patients by liberating metabo-
nanm although no specific seltion criteria other than has- lits toxic to the eonzme-deflcient red cells? ard a simivira
pitaization and availability sAvre utiiL-edL if G6-PD defi- mechanism might have occurred in these malaria patients.
incv influenc the incidence of malaria or the other In this study, it was not possible to correlate the mal i a

diseases listed in Table I. then selection biases will be pres- potxKCC-I- effet soe in G-6-PD deficient subjects with
ent. paricularly in the patients homtaMied on the medial malarial lpecis because of the small number of subjects.
wards However. the overall incidenc of 13.7 per ce.t The data in this stud-. suggesting that P rcia occurred
0.6-PD deficiency in this study group. (orforming wh the at a lower rate in black malaria patients than it did in winte
blkAmerican ara in tae rangeof 10 pecent' to 13 alriaa patients, agree with other studies which demon-
per cent -, ndicates that no strong oteafl bias was prrntmt strat in Negroes a ristance to P inHcx ' lowcrer, the
F m comparisons of -medical" and "normeicai" failure to show protection against P ricx infections in

diseses did not real statistically significant diffrencs in G-6-PD deficient human volunteers' wgis against a spe-
G6-PD deficienc- rat. elic P r--x prottion. The fact that most malaria pat;ents

The other source of error in interpreting these results is in this study had P faeriJ n infections, and that malaria
= the Brilliant Crmvl Blue dye screening test. It is a timed occurred less frtenly in G-6-PD deficient individuals,

color change tt, which depends on the amount of active surongly suggests that nalarial potectio. if truly present,
enzym present. Ti types of error can occur: (1) FaLse i being provided against P fddpar malaria.

deficiencics, and (2) fake noimals. A -6-PD normal indi-
vidual with anemia will have fcws rI cells. and hence

w le, enzym present in a given vAlume of whole blood, than
a nonanemic individual will have. In this study, no com.- Of 277 black -merican male subj'cts in Vietnam tested
pensation for hcrnatacrit was made and. theefore, a few for G-6-PD deficiency. 3F 13.7 or Cent) - r G-6-PD
falirsdficencies may be included. Convemly. because deficent The inc.nrr of rimalaria. pzedominantly P fW:p-

otang red cells in G--PD deficient s 'h;ects c-nnain rr aimt malaria. wa' found to he %iznifcanty lower ir. the
active G-6-PD enn-rnc than oer CA-Bn% a '-'irin pairrt GLI.PI) defirienI black, Oher .ran more -cvnm anemia
with c mpensatcd hernlvsis may twodce a normal it-. wen in the G-6-PD dcfkien: maria patient-- no difference
Motulsky believe, that nit errnrws A.rr of th lrtter n;. in the clinical sc-rritv of mnalaria wat seen btwen the
Because mut of th,- tudy su.bj;cts wrre taking wrekl- G-6.PI) deficient and norma goMns ThaM rWSuhs are in.
primaquim ax malaria -rophyaxis. it would he txpectcd terprctie re-ervedly in light of possible sriecsion biases ard A
;hat hemnlirsis catsc by hrvquir in ,G-6.-PD d.i- errors inh, rent in the G-6-PD dtcerminatio.
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