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1t SUPPLLMENTARY NOTES

vy ABSTRACTT

ALTHOUGH THE SICKLE-CELL SENE 1N NEGRO POPULATIONS HAS BEEN PROVEN TO CONFER
RESISTANCE TO MALARIAL INFECTION, OTHER GENETIC MARKERS OCCURING PREDOMINANTLY IN
NEGROES, INCLUDING GLUCOSE~DH-PHOSPHATE DENYDROGENASE (G-6-PD) DEFICIENCY, HAVE NOT
BEEN SHOWN TO BE ASSOCIATED WiITH A LOWER INCIDENCE OF MALARIA, HUMAN FEMALES HETE~-
ROZYGOLS FOR (=6-PD DEFIFIENCY, WHICH S A SEX-LINKED GENE, HAVE A MOSAICISM OF RED
CELLS, AND THOSE CELLS DEFICIENT 1n (-6-PD WERE SHOWN LESS LIKELY TO HARBOR P. FALCI-
PARUM PARASITES DURING AN INFECTION. THIS SUGGESTS THAT G-6-PD DEFICIENT MALES WHEN
COMPARED WiTH G-6-PD NGRMAL MALES MIGHT MAVE MILDCR CASES OF MALARIA, OR PERHAPS EVEN
HMAVE AN OVERALL LOWER INCIDENCE OF MALARIA INFECTION., THE PRESENT STUDY WAS UNDERTAKEN
IN BLACK AMERICANS I8 VIETNAM TO DETERMINE WHETHER G-6-PD OEFICIENCY HAS ANY INFLUENCE
ON MALARIAL INCIDENCE OR THE CLINICAL SEVERITY OF MALARIAL INFECTIONS,
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Reprinted from Military Medicire, Vol. 138, Na 3, March, 1973

G-6-PD Deficiency and Malaria
in Black Americans in Vietham

LCDR Thomas Butier, MC, USNR*

Aﬁuomn the sicklecell gene in Negro populations has
been proven to confer resistance 1o malarial infection, other
genetic markers occurring predominantly in Negroes. in-
cluding glucose-6-phosphate dehsdrogenase (G-6-PD3 defi-
ciency, have not been shown (o be asociated with a lower
incidence of malaria” Human females heterozygous for
G-6-PD deficiency. which is a sex-linked genc, have a
mosaicism of red cells, and those cells deficient in G-6-PD
were shown less likely 10 harbor P, falapanon parasites dur-
ing an mfection.® This suggests that G-6-PD deficient males
when coirpared with G-6-PD normal males might have
mider cases of malaria, or perhaps even have an overall
lower incidence of malariz infection. The present <tudy was
undertaken in Llack Americans in Victnam to detennine
vihether G-6-PD deficiency has any influcace on malarial
irzidence or the clinical severity of malarial infections.

Metheds

Blood was obtained from 277 black subjects who were
haspitalized between the months of February and July 1970
or visited the ouspatient clinics f the NSA Station Hospi-
tal. Danang, the First Marines Medical Battalion, Danang,
the USS Sanctuary. the Third Field Army Haspital_ Szigon,
the Sixth Convalescent Center. Cam Ranh Bay, and the
483rd USAF Hospital. Cam Ranh Bav. Most subjects were
adhering by history to a malaria proghylactic regimen of
weekly chioroquine (300 mg base) and primaguine (45 mg
basc). No specific sclection was employed: all black patients
on a given ward or ir: a given clinic or the day that the
NAMRU-2 tean visited the hospital who wore wiling 1o
have bleod 1aken were accepted. About 93 per cene o f those
asked consented to give blood. Hespital charts of ma'aria
patients were read for results of malaris smears. the per con:
of red cells parasitized, the lowest recorded hematocrit while
in the hospital. renai function dara, and fever duration if
they had malaria. Subjects having a history of malaria in
Vietnam were considered 2s malaria patienis, and informa-
tion from the previcus hospitalization was recotded.

Blood was drawn into an oxalated Vacutsines and
placed on ice. Within three hours of venepuncrure, a modi-
fication of Motulsky’s Brillian: Cresvl Blue dye test for
G-6-PD activity was performed.’ Decaloration times greater
than 90 minutes were considered deficient A hemasocrit
was performed whenever possible and was used as the lowest
reeerded hematocrit if none lower could be found in the
subiect’s chart.

From the US Naval Medical Reseorch Ustt No 2. Danang Desachment,
Daman . Republic of South Vietmanm

*Departam: of Clinical Investipatson, US Naval Medieal Research
Urat Nv 2. Talpei, Taiwan, Republic of Ching.

Thit siody was supporscd by fands fom the Burcan of Medicine and
Surger, | US Vavy, for Wok Unit No MSVES5. 5514 GO2.

For nprims, address the Sobhications Edinge, NAM RUZ, Box 14, APD
San Fincswo 96263

A group of I8 white patients with malaria from the
NSA Station Hospital was studied only for malaria spacies
disiribution,

Results

Tite overall G-6-PD deficiency rate was 38,277, or $37
per cent. Table I shows the distribution of diagnostic cate-
gorics in all 277 subjects and the G-6-PD deficiency rate
for each diagnesis. To determine whether G-6-PD deficiency
may have influenced the rate of malaria inGction in these
patients, a comparison betweenr the malaria and non-
malaria paticnits was made. Table I show- that only eight
per cent of malaria patients had G-6-PD deficiency, while
I+ per cent of the nonmalaria Gosos had this deficiency. The
chi-squarc test applied to Talie I rivealed that, at a 95
pet cent corfidence level, the G-6-PD deficient zroup had
a lower inciderce of malaria {21 per cent} than did the
G-6-PD normal group (39 per cent).
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‘The mean of the lowes: recorded hemnatocrits in {9 of

the 38 G-6-PD deficient subjerts was 35.0 per cent. whih

was significantly lower than the 463 per eent for 131 of

the 239 normal subjects {T = 4.05}. Similarly, the malaria
paticnts with G-6-PD deficiency had a significantly lower
mean hematoerit {35.9 per cent) than did the malaria pa-
tients with normal G-6-PD activity {396 per cont)
{T = 215}

Comparisans of the G-6-PD deficient malaria paticmis
with the normal malaria patients in respect 1o ciinical se-
verity of discase, duration of fever, per cent of red cells
parasitized, and BUN clevations did not reveal significant
differences. None of the rubjects developed reial failure or
dicd while under observartion,

The number of malaria patients among thr black sib-
jects was too small to determine whether the malaria-
protective effect observed was greater for P falagaram or P
twax malaria. However, tie proportion of pure P riax
infections in the black malaria paticnts was -ompared with
the group of 28 white malaria patients. The white patients
had six £ rzvax infections out of 28 total. or 2} per cent,
while the blacks had 17 ou: of 102 zases, or a 11 per cem
proportion of P rivar, but this differznce was not statistically
significan:.

D .

The fower incidence of malaria in the G-&-PD deficient
subjects in this study suggests that a protection against
malaria is associated with G-6-PD ddiciesty. However,
possible selection biases must be considered. This study
group was not randamly sciected amony all biacks in Viet-
nam. although no specific selection criteria other than hes-
pitalization and availability were atilized. If G-6-PD defi-

cency influences the incdence of malara or the other
diseases listed in Table 1, then selection biases will be pres-
ent, particelarly in the patients hospitalized on the medial
wards. However, the overall incidence of 13.7 per cont
G-6-PD deficiency in this study group, corforming with the
bleck American average in the range of 10 per cent® 10 13
per cent®, indicates that no strong overal’ bias was present.
Turthermore, comparsons of “medical™ 2ad “ronmesdical”
diseases did not reveal statistically significant diffeencess in
G-6-PD deficiency rates.

The other source of error in interpreting those results is
the Brilliant Cresy! Blue dye wrrening test. It s a timed
color change 1251, which depends on the amount of active
enzvme present. Two ivpes of ertor can occus: (1} False
deficiencics. and {2} faisc normals. A G-6-PD normal indi-
vidual with anemia will have fower e coclls. and hénce
less enzyme present in 2 given volume of whole blood, than
2 nonanemic individual will have. In this sedy, no com-
persation for hematocsit was made and. thercfore, a few
false deficiencies may be included. Conversely. becanse
young red cells in G-6-PD deficient subiccis contain mare
active G-6-PD enzyme than older orile, a deficiont patient
with compensated hemolysis may produce a normal et
Motuisky® belicves that mest errors are of the latter t3pe.
Because mast of these 1udy subjrcts wore 1aking weekly
;‘rﬂ*ﬁaqu; as malaria ?"ﬁj’é‘iwiBXf&, it would be (x?&i;ﬂf

at hemolysis caustd by primaquine in b G-6-PD defie

Military Medicive—Morch 1973

cient subjects might result in seme false normals. False
pormal results, if preent in the maiaria patienss in this
study, weuld give the illusion of malarial protection, by
decreasing the truc incidence of G-6-PD deficiency in the
malaria patiens.

TAME »

CASE DISTAAITION SHOWING RELATIONSHIP
SETWEEN MELARA AND G-4-P0 MWXTS

G620 Noezal Defiens “Tozal
Mataria 42 B 161
Non-malaria 146 X 175

Foea? 233 i 377

Chisquare = $.51

Althcugn the malaria patients with G-6-PD deficiency
had dinical courses and severitics of illness £milar 1o the
G-6-PD normal patients, the def ient patients as a2 group
were mofe ancmic. [t appears uniikely that thar more
scevere ancmia was caused by a heavier parasitizacon. be-
cause the percentages of red cells parasitized in both groups
were about the same. The more scvere ancmia in the
G-6-PD) acficient malaria patients was more likely caused
by the oxidizing drugs, notably primaquine and aspirin,
used to treat many of the patients. Other facton contn-
buting 1o the hiemolysis in daficient patients may have been
the stress of 2 febrile disease® and the effext of hepatitis,
which may occur in malaria* \irus hepatitis may produce
bemolysisin G-6-PD deficient patients by liberating metabo-
lites toxic to the enzyine-deficient red celis® and a gmifar
mechanism might have occurred in thee malada patients.

In this study, it was not possible 10 correlate the nealaria
protective cffect seen in G5-PD deficient subjects with
malarial species. because of the smail number of mbjects.
The data in this study. sugeesting that £ réirax socutred
at 3 lower rate in black malaria paticnts than it did in white
malaria patients, agree with other studies which demon-
strate in Negroes 2 resistance to P orax ™™ However. the
failure 10 show protection against P cirsx infections in
G-6-PD deficient human volunteers® weighs agzinst a spe-
cific P. rinax protection. The fact that most mafaria patients
in this study had P. felciperwn infections, and that matania
occurred fess frequently in G-6-PD deficient individuals,
ssrongly suggests that malarial protectios, if truly present,
ts being provided against £ falciperse malaria,

Survwmaory

Of 277 black American male subjects in Vietnan wested
for G-6-PD deficiency. 38 ¢13.7 per et} were G-6-PD2
deficient. The incdrnce of malaria. prodominanddy £ falep.
sz malaria, was found 1o he significantiv lower e the
G-6.PD) deficiont Blacks (hber Lhan more scvere anemia
seen in the (G.6-PID deficion: malaria patienss, no difference
in the clinieal severity of malania was seen between the
G-6-PD deficient and normal groups. These rosults are ine
terproted reservedly in fight of posdible scizciion biases asd
crrors inherent in the G-6-PI determination,
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