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GENETIC HETEROGENE=rY among the various Negroid populations of Africa is
amply demonstrated by the gene distributions within the blood groups, the
abnormal hemoglobins, and the locus determining glucose-6-phosphate dehy-
drogenase (G6PD) production. This variation in Congolese populations is
described in three companion papers (Motulsky et al., 1966; Fraser, 1966;
Fraser et al., 1966). Numerous investigators have reported the haptoglobin
and, to a lesser extent, transferrin phenotypes among various tribal groups.
This paper will summarize those findings and will present hitherto unpublished
data on Congolese natives as well as two Bantu tribes in South Africa.

MATERIALS AND METHODS

In 1959, specimens of blood were collected from Pygmies in the Ituri Forest
and from various inhabitants of rural and urban areas in the Congo region.
Serum was shipped by air to Seattle in ice-containing thermos jugs, arriving in
good condition. During a similar period, serum specimens obtained from South
African native blood donors by Dr. A. Zoutendyk were also sent by air, and
most of these were in satisfactory condition for electrophoretic analysis.

Starch gel electrophoresis was performed by the horizontal method of
Smithies (1955), although occasional samples were repeated by the vertical
method (Smithies, 1959). A discontinuous buffer system (Poulik, 1957) was
employed for both kinds of gels. Control sera of known haptoglobin and
transferrin types were routinely included for comparison. Gels were sliced and
stained with benzidine and amido black as previously described (Giblett,
1959).
Table 1 lists the geographic origin, tribe, sex, relative age, per cent with

hemoglobin AS, frequency of G6PD deficiency, regional incidence of malaria,
and any additional known data pertaining to the subjects tested. Most indi-
viduals were in apparently good health, and 25 of the Yaka women were
pregnant. A number of people tested in series Stan, Ya, and Leo were hospital
patients.
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RESULTS AND DISCUSSION

Table 2 presents the observed haptoglobin and transferrin phenotype fre-
quencies. These results may be compared with the data in Table 3, which
summarizes the reports of other workers and includes a large sample of ran-
dom American Negro adults studied in this laboratory.
A notable feature is the variable frequency of apparent ahaptoglobinemia.

This phenomenon is known to be associated with increased red cell destruction
and is also subject to hormonal influence. Barnicot et al. (1960) noted a higher
frequency among women in Nigeria, and this finding was confirmed in Li-
berian subjects by Neel et al. (1961), who also found that pregnancy was a
contributing factor. Among the 25 pregnant women in the Yaka sample tested,
14 had no demonstrable haptoglobin, as compared with only six of the 35
nonpregnant women. Among the 39 males tested, however, ten were hapto-
globin deficient, so that, if sex alone is a determinant of haptoglobin level, its
effect is apparently masked by other factors in this population.
Attempts to correlate the frequency of ahaptoglobinemia with the distri-

bution of malaria, sickle hemoglobin, and G6PD deficiency were largely un-
rewarding, in accordance with the findings of Barnicot et al. (1960). For
example, although those tribes having a high incidence of malaria, such as the
Ngbaka, Yaka, and Pygmy, also had high levels of ahaptoglobinemia (15 to
31%), other tribes with little or no malaria, such as the Shi and Tutsi, also had
high levels of ahaptoglobinemia. No correlation was found with sickle trait;
several tribes with a relatively low frequency of hemoglobin S had large
numbers of ahaptoglobinemics, and no difference in the frequency of ahapto-
globinemia was found between sicklers and nonsicklers as a whole. Similarly,
G6PD deficiency could not be shown to occur more commonly in those groups
with absent haptoglobin. Nevertheless four of the 12 individuals who were
both sicklers and enzyme deficient were ahaptoglobinemic. Although these
numbers are small, this finding might indicate that possession of both these
genes may have caused the depression of serum haptoglobin levels that neither
can do alone. It may be significant that the population samples obtained in
two urban areas, Leopoldville and Stanleyville, had the smallest number of
individuals without demonstrable haptoglobin. This might be a reflection of
the lower prevalence of a variety of diseases associated with red cell parasitism
and/or liver damage as compared to rural populations.

Calculation of haptoglobin gene frequencies is necessarily based on the
assumption that genetic, physiological, and environmental agents tending to
depress the amount of serum haptoglobin affect all phenotypes equally. This
assumption is unlikely to be correct for two reasons: (1) Individuals of type
1-1 ordinarily have higher haptoglobin levels than those of type 2-2 (Nyman,
1959), and therefore one might reasonably expect that individuals of the latter
phenotype would be more susceptible to "suppressive" influences. (2) Studies
of American Negro families (Giblett and Steinberg, 1960) indicate a higher
incidence of ahaptoglobinemia among individuals who carry a gene associated
with the Hp 2-1(mod) phenotype. Parker and Bearn (1963) consider this to
be an operator rather than structural gene mutant, but the argument is un-
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affected, regardless of the genetic mechanism. Thus, one might anticipate that
mildly suppressive agents would be more effective in individuals with the Hp
2-2 phenotype, but this would not be observed in populations subject to highly
active "suppressors," such as severe hemolytic disease, liver damage, or com-
binations of these and other factors with pregnancy. Furthermore, if one
combines the Hp2 and Hp2m gene frequencies, those populations having the
largest number of individuals with the Hp 2-1(mod) phenotype should show a
deficiency of the (combined) Hp2 gene, provided the effect of environmental
factors is minimal.

In view of these difficulties, only approximate Hp gene frequencies can be
obtained. Thus in the Congo, omitting the Pygmies and the Hp 2-1(mod) and
Hp 0 phenotypes, 183 individuals were Hp 1-1, 224 Hp 2-1, and 97 Hp 2-2.
This leads to an estimate of the gene frequencies as Hp' = 0.585 and
lip2 = 0.415 (X2[1J] = 3.65). In South Africa, the Xhosa and Msutu have
rather lower frequencies of the Hp 2-1(mod) and Hp 0 phenotypes. More
realistic estimates of the frequencies may therefore be obtained as follows

Xhosa Hp' = 0.539, Hp2 = 0.461 (X2 [1] = 5.48)
Msutu Hp' = 0.544, Hp2 = 0.456 (X2[1] = 3.05)

The data on transferrin has been summarized previously by Giblett (1962)
and are presented here to indicate the range in frequency of the Tf CD1
phenotype among the various tribes. In this and previous reports on transfer-
rins in Africa, the slow-moving variant has been assumed to be Tf D1 in the
absence of adequate control sera. However, Parker and Bearn (1961) have
described a variant, DChI, which can only be differentiated from D1 by electro-
phoresis at higher than usual voltage at a cold temperature. However, since
the phenotype of most Negro subjects with a slow moving Tf variant whose
serum has been adequately tested has been designated Tf CD1, it is probable
that this variant is the most common of the variant phenotypes in Africa.

SUMMARY

The haptoglobin and transferrin phenotype frequencies of several Congolese
populations and two South African tribes are presented. The high frequency of
Hp' characteristic of most other areas of Africa was also found in these people,
although there was considerable variability. Apparent ahaptoglobinemia, also
characteristic of African populations, was particularly common in tribal peo-
ples, and some factors influencing this phenomenon are discussed.
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