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are present at birth. Thyroglossal fishtlae cannot be (de
velopmentally) congenital. Branchial cysts occur at a variable
time after birth. Thyroglossal cysts may exi t at birth or
appear at any age.

Multiplicity. Branchial fistulae are bilateral in 30 % of
ca es or more. Thyrog[o al anomalie are alway single.

Previous operations. one in branchial anomalies, common
in thyroglo sal operations.

Totality. Branchial fi tulae are complete but for rare
exceptions. Thyroglo al remnants stop at the hyoid bone
in most cases.

Relationship to important vessels and nerves. Intimate in
branchial anomalie , non-exi tent in thyroglo al anomalies.

ature of operation. Entirely satisfactory in branchial
fi tulae. Le s sati factory in thyroglossal fistulae.

Malignancy. In branchial cysts rare and doubtful; in
thyroglossal remnants exceedingly rare.

SUMMARY

1. Branchial and thyroglossal cysts and fistulae are
curable conditions providing the surgeon is familiar with
their developmental anatomy.

2. Auro-cervical or first cleft fistula is an established
entity.
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SERUM HAPTOGLOBI S IN AFRICA*
RONALD SmGER,** Department of Anatomy, University of Cape Town

TABLE 1. DISTRIBUTION OF HAPTOGLOBIN TYPES IN
VARIOUS POPULATIO 's

ently clearcut racial distinction between Europeans and West
African egroes has also become more complex and less
clear with publications on the incidencelof the haptoglobins
m Swedish Lapp ;15 in Japanese populations;16 and in
Malays, Chinese, and Indians in MalayaY

418 0·29 0·71 12
57 0·50 0·50 0·04 12

284 0·42 0·58 0·01 12
98 0·59 0·41 14
68 0·43 0'57 14
54 0'38 0·62 14
49 0·44 0'56 5
48 0·59 0·41 0'10 14

760 0·54 0·46 0·04 39
208 0·55 0·45 40

170 0·57 0·43 0·01 41

414 0·59 0·41 41
31 0·93 0·07 0·10 41

173 0·73 0·27 48

The haptoglobins are serum proteins tbat combine with
haemoglobins. They are part of the a2-glycoprotein fraction
and were first detected by Polonovski and Jayle in 1938.1

Peroxidase activity is developed when haemoglobin forms a
complex with haptoglobin,2 and this property has been
used to measure the concentration (or index) of haptoglobin
in normal and abnormal sera. 3 Tbe haptoglobin concentra
tion has been found to be raised in a variety of diseases in
which there is inflammation and tis ue necrosis, including
acute pyogenic infections, rheumatic fever, and some forms
of cancer,4 as well as in patients with rheumatoid arthritis.5

By means of starch-gel electrophoresis, Smithies6 identified
4 different haemoglobin-binding proteins, which are the
same as haptoglobins. Smithies and Walker; demonstrated
that European populations have 3 major patterns, termed
haptoglobin types 1 - 1, 2 - 1, and 2 - 2. These phenotypes
are under the control of a single pair of allelomorphic genes
designated Hp! and Hp2. 8,9 Genotype Hp1jHp 1 produces
haptoglobin type 1 - 1 (HpI - 1); Hp 2jHp1 produces Hp2 - 1;
and Hp 2jHp 2 produces Hp2 - 2.

Until quite recently, publications10.21 concerning the
haptoglobins emphasized that the Hp 2 gene is commoner
than the Hp l in all European populations studied, and
that in Africa Hp 1 is much more frequent than Hp 2. The
rather simple tory of a single pair of allelomorphic genes
producing 3 genotypes in man, and the co-existence of these
haptoglobins types in several populations providing a true
state of polymorphism became more inrricate witb the
publication by Allison et al.13 of an apparent fourth group,
in which no haptoglobin at all is present, which tbey desig
nated HpO - O. Since then further rare modifications have been
described. Furthermore, Sutlon et al. 14 mention the presence
of 5 different hap.toglobin in the type 2 - 2 individuals
and 6 haptoglobin in the 2 - 1 heterozygote. The appar-

Europe

Basques (Spain)
British
British
Swedish Lapps
Finns
Danes
Norwegians
Swedes-
Italians
French

Americas

Alaskan Eskimoes
Anaktuviak Eskimoes
Athabascan Indians
Apache Tndians
US Whites ..
US Whites ..
Canadian Whites
US regroes
US egroes
Venezuelans (Caracas)
Central American on-
~aya ..

Central American Maya
(Less Lacandon) ..

Central American Lacandon
Peruvian Indian

Gene
frequency

No.
Hp 1 H p 2

107 0·39 0·61
218 0·38 0·62
114 0·42 0·58
329 0·28 0·72
891 0·36 0·64

1,033 0·40 0·60
1,000 0·36 0·64
1,003 0·37 0·63

466 o· 38 0·62
406 0·40 0·60

Refer
HpO ences

0'01 13
0·03 13

10
0·02 15
0·002 35

9
36

0·03 37
0·01 10

38

* Read in modified form at the Conference on Biochemical Africa
Anthropology he!d at Yello\ Springs, Ohi, nited tates of
America, in July 1960.

** Vi iting Profes or of natomy, Diversity of Illinois College
of Medicine, Chicago, September 19-9 - Augu t 1960.

igeria) ..
igerja)

99 0·87 0·13 0'32 13
30 0·72 0·18 0·23 10

120 0·60 0·40 0·27 46
III 0·76 0·24 0·37 46

-
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Liberia and Ivory Coast
egroes .. 142 0·70 0·30 _1

Liberia and Ivory Coast
egroes .. 614 0·72 0·28 14

Gambia 157 0·70 0·30 0·40 11
Ibo 70 0·49 0·51 0·4 11
Metropolitan Congo 186 0·60 0·40 0·05 42

on-metropolitan Congo .. 468 0·57 0·43 0·21 42
Pygmy (Congo) 125 0·40 0·60 0·31 42
Zulus (South Africa) 113 0'53 0·47 0·03 1
Bushmen (South Africa) .. 113 0·29 0·71 0·02 18
Hottentots (South Africa) .. 59 0·51 0'49 1
Cape Coloured (South

Africa) 88 0'47 0·53 18
Xhosa and Msutu (South

Africa) 315 0·55 0·45 0·05 43

Asia and Oceania

Malaya-Malays 236 0·24 0·76 0·01 17
Malaya-Chinese 167 0·28 0·72 0·01 17
Malaya-Indians 219 0·09 0·91 0·02 17
Asiatic Indians 74 0·18 0·82 14
Japanese (Sapporo) 349 0·24 0·76 0·01 16
Micronesians (Marshall

Islands) .. 52 0·58 0·42 47
Borneo 22 0·50 0·50 11
Tongans 200 0·60 0·40 44
Australian Aborigines 133 0·17 0·83 0·01 45

po ibly slight Bu hman and minimal, if any, egroid
admixture; and (4) Zulus working in Johanne burg.

The techniques u ed on the era by Drs. Barnicot and
Garlick were es entially those outlined by Smithie 8,19 and
by Poulik.20

The mo t triking feature is the low frequency of the
haptoglobin Hpl in the Bu hmen a compared with the
other 3 South African eries, which are clo ely imilar to
one another in thi respect. The Hpl frequency in the Zulus,
Cape Coloured and Hottentot is lower than the lowe t
limit of the range reported for egroe from Liberia and
the Ivory Coast and the igerian Yoruba. 13,u,2l 0 hapto
globins were located in 4 Bu hmen and 3 Zulus. The e
were excluded in the calculation of the gene frequencies
since the genetical ignificance of thi phenotype, which
thus far i very common only among the Yoruba and some
Liberian, is still not clear. Some typical example of the
modified 2 - 1 phenotype (2 - 1M) were found in the Zulu
sera, but not in the other populations. However, in the
Bushmen and Coloureds a few sera were noted in which the
slower af3 bands were relatively weak although the Hpl
band was somewhat weaker than the first af3 band.

Before discussing the current trends in the interpretation
of and the difficulties in relation to the thus far very limited
and discrepant African series, some information will be
presented on the haptoglobin distribution in Bushmen,
Hottentots, Cape Coloureds and Zulus, based on the field
work of Dr. J. S. Weiner and myself, and published in colla
boration with Drs. . A. Barnicot and J. P. Garlick in ature
in December 1959.18

Blood samples were collected from (1) aron Bushmen
living their traditional hunting and food-collecting life and
from Bushmen employed on farms near Khanzi in Bechuana
land; (2) Nama-speaking Hottentots or Khoi-Khoi in the
Richtersveld region of amaqualand; (3) Cape Coloureds
in the Springbok and Steinkopf areas of amaqualand,
whose gene pool consists essentially of Caucasoid (Dutch,
German and English) and Hottentot components with

Fig. 1. Map of Africa: Frequency of Allele Hp.l
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TABLE U. THE INCIDE 'CE AND GE. E FREQUE 'CV OF HAPTOGLOBI.
PHENOTYPES r ' SOME SOUTH AFRICA ' PEOPLES

Gene
Haptoglobin phenotypes frequency

---
o. 1-1 2-1 2-1M 2-2 0-0 Hpl Hp'

Bushmen:
(a) Tribal 71 7 29 0 34 I
(b) Farms 42 5 11 0 25 1

Total 113 12 40 0 59 2 0·29 0·71

Hottentots:
(a) Random 34 10 16 0 8 0
(b) Related 25 8 9 0 8 0

Total 59 18 25 0 16 0 0'51 0'49*

Cape Coloured 88 17 49 0 22 0 0·47 0·53

Zulus ]13 36 45 3 29 3 0·53 0·47

* Standard error=0'05

Information concerning the distribution of serum-protein
variants in Africa is still very limited., and our material
represents only a fraction of the widely dispersed Bantu,
Bushman, and Hottentotoid peoples. Consequently, only
tentative opinion rather than conclusive assessments are
feasible.

Bushmea are di tinct from other African population
both in morphology and blood-group frequencies. 22 ,23 and
it appears that their haptoglobin frequencies may also be
unusual. It is interesting that the general serum-protein
pattern of the Okavango Bushman and Bantu tribes, a
determined during the University of Cape Town ]952 Ex
pedition, is quite distinct from the 'normal' pattern for
urbanized Bantu groups in Cape Tovm.24 Furthermore, the
so-called 'abnormal' pattern of the Bushmen (whicn i
probably normal for the Okavango and adjacent Kalahari
regions), is related directly to the distance of their usual
habitat from the Okavango River and its associated malaria
and bilharzia. From this point of view it eern that there
is an advantage in hunting and food-collecting in the desert
away from the river ,25
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The Hottentots are generally thought to be closely related
to the Bu hmen on certain morphological and lingui tic
grounds, but ub tantial blood-group difference between
them are known,26,27 and it eems that the haptoglobin
may be another point of di tinction. It is doubtful whether
any izeable ama- peaking Hottentot groups ur ive who
are free from European ancestry (my etiOlate i about
2,000 individual in the Ri hter veld and adjacent regions).
Tntermixing with Dutch, German, and Engli h ha led to
the formation of variou 'hybrid' Coloured communities.
From what i known of European haptoglobin frequencies,
however this would have made them more like the Bushmen
in this ~e pect, 0 that the earlier Hottentots may have
been more distinct. The effect of intermixture With the

alays, brought to the C p of Good Hope a skilled
artisan in the 18th century, cannot at pre ent be a e sed.
There i probably extremely little Malay admixture in those
Cape Coloured tested. It is interesting to note that in.Malaya
the Malay exhibit a gene frequency of 0·24 for Hp',which
is slightly lower than that (0' 2 ) of the Malayan Chinese,
but ignificantly higher than the O' 09 of the Malayan Tn
diansY iatic Indian tudent tudying in the USA have
a frequency of 0,18.14

low transferrin variant wa found to be quite common
in the Bu hmen, and one serum which showed this variant
alone was identified (by Dr. O. Smithies) as f3D, which
wa first described by Smithies2 in Australian populations
and American egro era, and is fairly common in some
West African p;)pulations.29 The variant is evidently less
frequent in the Zulu and Cape Coloureds, and perhaps in
the Hottentot , than in the Bu hmen.

The di tribution of the haptoglobins in a small region of
We t Africa hows a marked discrepancy for the frequency
of haptoglobin deficiency or 0-0 as indicated in the re ults
of Alii on et al./ 3 on the one hand, and Sutton et aF' on
the other. In one-third of 99 Yoruba studied by Allison
et al.,13 haptoglobin was deficient. Most of the remainder
were type I. Sutton et af.21 did not report any ahaptoglo
binaemia in their serie from Liberia and the Ivory CO:lst.
In a sub equent stud ,Sutton et al. U found that the presence
of considerable haemoly i interfered with the detection
of 1 - I, 0 that their diagnosi of 1 - 1 wa u ually ba ed
on a negative criterion, namely, the failure to demonstrate
the type 2 - 1 or 2 - 2 pattern with benzidine taining. They
state tbat probably some ot the_e 1 - I individuals actually
do not have detectable amounts of haptoglobin. For this
reason their frequencies of Hp l (in their survey) represent
maximum values. lIi on et al.,13 in comparing their data
with the ab ence of ahaptoglobinaemia in the 1956 tudy21
of Sutton et al., attributed it to inclu ion of group 0-0 in
the 1 - J group becau e the di tinction between these two
groups IS difficult without specific staining of haemoglobin.
However, if one take Sutton et al. s results21 and assumes
an approximate one-third of ahaptoglcbinaemics, the
frequency for H pl would be reduced from O' 70 and 0- 72
to O' 54 and O' 52, which bring the Ivory Coast and Liberia

egroes into line with Zulu and Venezuelan, and would
bring their frequency lower than that of S egroe Apache
Indians, and Micronesian . Jt would appear that the Hp'
frequency, a een in the Yoruba, has not been affected by
the Cauca oid dilution in the S 'egroe. The highest
incidence of haptoglobin deficiency, other than in the Yoruba

and Sutton' third series of Liberians, is only 4'2% in US
Tegroes, out of more than 33 world-wide survey reported,

in wnich 13 out of 33 displayed no ahaptoglobinaemia, and
in the remainder the mean is le s than 2% per population
group.

It must be interesting to break dO\'iTl all the West African
data to tribal distribution and study their inter-relationships
afresh. Certainly the significance of a 32 % haptoglobin
deficiency in the Yomba is not at all obvious. Allison et al.,13
in noting the difference between this figure and Sutton
et at:s data lJ for Liberia and Ivory Coast, stated that the
discrepancy may represent a difference between Africans
from the e different regions, but they excluded this in prefer
ence to an explanation of difference in laboratory techniques.
However, it should be noted that the haemoglobin S fre
quency in Liberians is relatively low compared with that
in J igeria, and that the haemoglobin C frequency is rela
tively low in 1 igeria and in Liberia, and about the same
cline. Whatever produces the discrepancy in 0-0, it is
not a constant in relation to abnormal haemoglobins. Hapto
globins are not present in most newborns,9 but absence is
unusual after the age of 4 months. Deficiency in the adult
represents either a persistence of what could be called the
foetal state, 'or a secondary loss from various causes. If
haptoglobin deficiency i related to malaria somehow, one
would expect a close correlation with high frequencies of
sickle-cell homozygotes on the basis of the theory that
the heterozygotes constitute an advantageous selection.

Ahaptoglobinaemia may occur for several reasons.
Laurell and yman 30 have shown -that, if the circulation
is saturated with haemoglobin, as in acme haemolytic
conditions, the plasma can be completely depleted of hapto
globins in 24 hours. It is possible that chronic haemolytic
conditions, so common in Africa, may produce a similar
picture. In the Japane~e population of Sapporo, studied by
Matsunaga and 1urai,t6 4 of the 5 haptoglobin-deficient
ca es had no history of anaemia or liver disease. Tbe 5th
had a history of hepatitis. They also found haptog:obin
deficiency in 4 patients with liver cirrhosis, one case having
liver metastases. Haptoglobins were also scarcely recog
nizable in I of 3 patients with hepatoma. 'Haptoglobin de
ficiency has also been observed in European and American

egro groups in whom there was neither evidence of a
haemolytic condition nor a history of malaria. With respect
to haptoglobin synthesis and the gene or genes controlling
thi , it is worthy of note that the liver in the African Tegro
has a rather unique metabolism (whether inherent or ac
quired, or both, is not certain), but African egroes very
commonly suffer liver cirrhosis and for some reason, prob
ably related, have a high incidence of primary carcinoma
of the liver, which is rare in other racial and geograph~c

groups.
Giblett 31 pointed out that inheritance studies of ahapto

globinaemia have so far been inconclusive. However, in
some families, both parents of a subject with haptoglobin
deficiency appear to carry a pair of normal haptoglobin
genes. Thus it is clear that if a mechanism is involved, the
responsible gene cannot be an allele at the Hp locus, nor
can it be a endelian dominant. Tt has been suggested that
the Hp 0-0 phenotype may be due to a modifying gene at
a eparate locus, or alternatively represents the homozygous
condition for the Hp 2 M . Thus it seems that in haptoglobin

-
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TABLE Ul. RACIAL (ETHl'o'lC) GROUPING ACCORDING TO FREQUENCY
OF <\llELE Hp'

deficiency one ma_ encounter a primary, geneti ally-de
termined ahaptoglobinaemia and/or a econdary, acquired,
disease-produced and temporary ahaptoglobinaemia. A
solution to the significance of thi phenomenon will only
become possible when a laboratory-tested distinction be
tween the two form~ may be elicited. The inherited form
does not appear to be controlled by alleles at the u ual
haptoglobin locus.3',u Some ahaptoglobinaemi pos e
mall amounts of normal haptoglobin'"

It has been suggestedl3 that the true polymorphism ex
hibited by the haptoglobins may have been maintained,
like those of the blood groups and abnormal haemoglobin ,
by a balance of selective forces related to susceptibility to
disease. They state that the ab.ence of haptoglobins may be
disadvantageous, particularly in regions where there is a
deficiency in the diet. That so many Yoruba lack hapto
globins is presumably due to a compensatory advantage
in persons heterozygous for the factor concerned. The low
frequency of type 2 - 2 in the tropics was felt to confer pro
tection against one or more conditions common in temperate,
but not in tropical climates. However, the evidence avaIlable
today does not obviously confirm the e hypotheses, which
are based on insignificant sampling of tropical areas, bec-ause
other trop:cal areas also give high frequencies of type 2 - 2.
It is clear that correlative studies with distributional incidence
of schistosomiasis, yaws, onyalai, malaria, kalar-azar, hel
minthiases, etc. may provide some clue to selective advantage,
but on the present evidence this is quite imperceptible.
Comparative anatomical studies have not yet helped in
determining a positive direction towards the nature of the
selective advantage of one or other form of haptoglobin in
maintaining the balanced polymorphism. A number of
investigations on non-human primates33,34 indicate that al)
the animals studied had an electrophoretic band in the
approximate position of haptoglobin I - I. None had any
thing resembling the human 2 - I or 2 - 2. It would appear
that type Hpl - 1 is the primary or primitive type from
which present types have mutated, and that a mutation
occurred after Homo or his immediate ancestors had moved
away from the Pongid line. The gene's favourable spread
into various populations was limited by various factors,
as yet unkno\'m. It is at present not possible to assess whether
such a mutation actually promoted hominid evolution in
one or other direction. It appears Teasonable to assume
that the possession of the Hpl gene is an advantage among
hominoids, at ·least.

Hp' frequency

<0·25
0'26-0·40

0'41-0'55

0,56-0,70

>0·70

Malays, Asiatic Indians, Japanese
Swedi h Lapps, Finns, Italians, Bushmen, Chinese,
Alaskan Eskimoes, Danes, French, Swedes, US
Caucasoids, Spanish Basques, British (Oxford),

Torwegians, Pygmies (Congo)

Anaktuviak Eskimoes, Athaba can Indian, Can
adian Caucasoids, enezuelans (Caracas), British,

orth Italian, Cape Coloured, Zulu, Xhosa
and Msutu

Apache Indians, U.S. egroes, S Caucasoid ,
Congolese, Hottentots, Micronesians (Marshall
Islands)

Liberia and Ivorv Coa t Jegroes (mean), Yoruba
( Tigeria) .

If one take the range of ariation of Hpl within the
Liberian and J ory oa t tribe ,14 and u e thi range arbi
trarily for dividing up the racial and ethnic populations
studied in respect of Hp!, one finds a rather curiou grouping,
Ihe ignificance of which i not apparent. But it hould make
us wary of Ihe pitfall inherent in 0 er-hypothe izing and
over-emphasizing inadequate data.

In conclu ion, it eem that in the tudy of haemoglobin
binding protein (haptoglobin) a well a the iron-binding
erum proteins (tran ferrin ), we have a rather u eful genetic

mechani m for marking out racial and ecologically-induced
differences, and for indicating po ible elective adaptation
in man. The u efulne s of uch studie cannot yet be a se ed
in Africa becau e of the inadequacy of th a ailable limited
data.

Grants from the \ enner-Gren Foundation for nthropological
Re earch, Inc., lew York and the Dr. C. Herman Re earch Fund,
Univer ity of Cape Town, made it pos~ible for the field work to
be carried out.
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