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ABNORMAL

HEMOGLOBINS AND THALASSEMIAS IN
COSTA RICA, OTHER COUNTRIES OF
CENTRAL AMERICA, AND PANAMA'

German E. Sdenz,” Marciag Altafulla,’

INTRODUCTION

The hematologic heritage of
the people of Costa Rica—and of Central
America in general—is derived from the
genetic traits of the native Amerindians
and of the African, Asian, and Eutopean
immigrants who settled there. In turn,
these genetic traits tend to reflect the var-
ied ecologic conditions of these peoples’
historic backgrounds. Among other
things, some of the genetic markers in-
volved are characterized by a balanced
polymorphism—this being especially
true of the genes for hemoglobins S and
C, both cleatly of African extraction, that
are considered deleterious to prolifera-
tion of malarial parasites, especially Plas-
modium falciparuns.

The influence of Asian immi-
grations in this picture has not been
properly established. But it is well known
that Black and Caucasian populations
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emigrated to Central America from vari-
ous parts of Africa, the Antilles, and Eu-
rope; that native Amerindians made
contributions to the present populations
that vary greatly from country to country;
that there have been differences, which
persist, in the degree of racial mixing in
the different countries; and that the se-
lective pressure exerted by malaria has
also been highly variable in the different
regions. All of these factors are responsi-
ble for the different frequencies of ab-
normal hemoglobins and thalassemias
found today in Central America and
throughout tropical America (1).6
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ABNORMAL

HEMOGLOBINS

The treatment and control of
malnutrition and various infectious dis-
eases illustrate the advances achieved in
medicine over the last two decades. As
medicine has increased its knowledge of
these illnesses, other inborn conditions
capable of producing disease in human
beings (especially children) have taken
on greater importance. Among these we
should note what are termed innate er-
rors of metabolism, previously consid-
ered untreatable medical or research
curiosities.

In times past, individuals af-
flicted with these hereditary ailments
were obviously subject to infections and
malnutrition; and it is logical to think
that being more susceptible, they proba-
bly tended to die in their first years of
life, and even when recognized did not
constitute a large or significant group
within the population. At present—
thanks to better clinical control, im-
proved knowledge, and more accessible
laboratory techniques—a steadily grow-
ing proportion of the medical problems
related to innate metabolic errors are be-
ing recognized; a certain amount of ge-
netic counseling is being provided for af-
fected families; and some treatment
methods are being used.

Among the hemoglobino-
pathies, the problems of abnormal he-
moglobins S and C and related disorders
(such as GGPD deficiency) are of special
interest to the countries of the Americas
in general because of their prevalence
and damaging effects. In 1971 an ac-
count by Arends (2) sought to report the

prevalence of abnormal hemoglobins
and related disorders in the countries of
Latin America. Since then there has been
growing interest in learning about the
hemoglobinopathies in our countries—
about both their epidemiologic aspects
and their genetic, clinical, and anthropo-
logic contexts.

Hemoglobins S and C

These hemoglobins are found
in Central America among Black and
mixed populations of clearly African ex-
traction. No hemoglobin (Hb) polymor-
phism has been found in the small
purely indigenous groups studied in
Costa Rica (3, 4) and Panama (5).

In Costa Rica, a significant
difference has been noted between the
frequency of the Hb C marker among
Black subjects in the Atlantic Coast prov-
ince of Limén (2.40%) and subjects of
mixed racial origins in the northern Pa-
cific region of the province of Guanacaste
(0.29%) (6, 7). The frequency of the
Hb S marker is nearly the same in both
regions (8.2% and 8.8%, respectively).

Superficially, at least, popula-
tion movements suggest an explanation
for this difference (8). Specifically, the
Blacks living in the northern Pacific re-
gion of Costa Rica appear to have come
from parts of Aftica where the prevalence
of Hb C is relatively low; in contrast, the
Jamaican immigrants who became agri-
cultural workers along Costa Rica’s At-
lantic Coast may have come originally
from parts of West Africa such as Ghana
where the prevalence of Hb C is rela-
tively high.

Prevalences of Hb S and Hb C
problems in other parts of Central Amer-
ica show great variability—both from
one country to the next and within the
populations of individual countries. Ta-
ble 1 summarizes the results of surveys
carried out in a wide range of Central
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TABLE 1. Frequencies of heterozygous Hb S and Hb C markers (AS and AC) found by various investigators in a wide range

of Central American populations.
Race or type No. of
of study study AS AC Reference No.
Country and area population subjects (%) (%) of data source
Panama:
Baocas del Toro Blacks 356 10.4 5 9
Upper coast Blacks 106 21.0 0 g
Upper coast Blacks 268 15.0 2.2 9
Colon Panamanians (general) 3,000 30.0 nt? 10
Chipre Students 1,500 17.0 nt 10
Panama City Hospital patients 896 6.0 nt 5
Panama City Hospital patients 850 18.60 0.80 11
Colon Hospital patients 428 21.02 nt 11
Chiriquf Panamanians (general) 200 4.5 nt 12
El Salvador:
San Salvador Hospital patients 2,100 1.65 nct 13
Honduras:
Corozal Caribbean Blacks 293 10.6 0.0 14
Santa Rosa Caribbean Blacks 342 6.1 1.8 14
Limon Caribbean Blacks 327 16.8 2.4 14
Tocamacho Caribbean Blacks 209 8.6 0.0 14
Trujillo Caribbean Blacks and 500 8.2 nt 15
mulattoes
Guatemala:
Livingston Caribbean Blacks 82 18.3 - 16
Livingston Blacks 68 17.6 - 16
Costa Rica:
Santa Cruz, Mestizos 227 75 nc 17
Guanacaste
Liberia, Mestizos 539 4.82 nc 18
Guanacaste
Whole country Adults 947 1.05 0.100 19
Whole country General population 1,053 2.0 0.2 20
Limén Blacks 621 8.2 2.4 6
Santa Cruz, Mestizos 1,702 8.87 0.29 7
Guanacaste
San José University students 1,500 1.06 0.20 21
Nicoya, Hospital patients 23 3.90 0.87 22
Guanacaste (postpartum mothers)
Nicoya, Hospital patients 538 3.72 0.37 22
Guanacaste {newborns)
Whole country Schoolchildren 12,000 0.80 0.10 23
Cartago Caucasians (newborns) 671 0.30 nc 24
Limén Blacks (newborns) 280 6.10 3.60 %5
Santa Cruz, Preschoolers 1,000 10.60 0.20 26
Guanacaste
2nt = not tested.

b nc = no cases found.



American populations to detect Hb S
and Hb C. Some of the apparent varia-
tions in these frequencies could arise
from different laboratory techniques em-
ployed by different research groups, and
also from the fact that many investigators
employed relatively imprecise tests of
sickling induced with 2% sodium meta-
bisulfite (27) to demonstrate the pres-
ence of Hb S. In addition, use of pheno-
typically subjective criteria for racial
classification could have caused substan-
tial variation in the results listed in Table
1—including results of the survey of
12,000 Costa Rican schoolchildren (23),
more detailed data from which are
shown in Table 2.

Aside from exceptional condi-
tions of hypoxia, the heterozygous he-
moglobin S condition (B48%) is benign
and by itself causes no significant public
health problem (28). But it appeats to
have no positive adaptive value when the
selective pressure of malaria is absent.
And since sickle cell disease caused by
the homozygous condition (353%) and by
8% in combination with other genes for
abnormal hemoglobin makes this gene a
social liability, over the generations in
places where malaria is absent its preva-
lence can be expected to decline (29). Of
course, this decline is so slow as to be all
but irrelevant for most health purposes.

Therefore, it is important to know the
prevalences of this and other genes for
abnormal hemoglobins in affected popu-
lations, so that health authorities can be
alerted to watch for associated illness, so
that physicians can have an indication of
the relative significance of sickle-cell and
related diseases among the hemolytic
anemias of a given population, and so
that appropriate countermeasures can be
taken (7).

In this context it is worth not-
ing the program for education and ge-
netic counseling on sickle-cell disease
that is now under way in Panama. Under
this program, a commission of Social Se-
cutity officials and community members
seek to improve the approach to this
public health problem.

The problem is serious in Pan-
ama because the prevalence of the Hb S
gene is very high. As a result, the disease
places major demands on health re-
sources and imposes a heavy economic
burden on the patients’ families and the
national economy—quite aside from the
physical and psychological toll it takes on
the patients themselves and the signifi-

TABLE 2. Frequencies of Hb S and Hb G markers among 12,000 Costa Rican
schoolchildren classified as belonging to different racial groups.

Racial classification of subjects

Caucasian? MestizoP Black®
Hb genotype (%) (%) (%)
AS 0.84 4.43 10.90
SS 0.00 0.04 0.29
AC 0.14 0.40 3.72
SC 0.00 0.04 0.29
aN =691
BN = 4,740
CN =349
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cant social consequences for the patients
and their relatives (71). The dimensions
of the problem among populations of
mainly African extraction are indicated
by the relatively high petcentages of pa-
tients with the homozygous genotype
among groups of hospital patients stud-
ied in the provinces of Panama and Co-
16n (12). These petcentages are shown in
Table 3.

In Costa Rica, the first case of
homozygous hemoglobin C disease (in-
volving the Hb CC genotype) ever de-
tected in the country was found in a boy
12 years of age in 1985 (30). The boy,
who was Black, had marked splenome-
galy, an infectious process, and an impor-
tant anemic pictute—possibly because
he was experiencing a hemolytic crisis
mediated by infection.

Sickling Syndromes

Sound information is lacking
on the natural history and clinical picture
of sickle-cell disease in the Central Amer-
ican countries. However, studies of hos-
pitalized patients have been performed
in Cuba (1) and Jamaica (31), and a co-
hort study begun in 1973 in Jamaica is
seeking to define the clinical and hema-
tologic behavior from birth of children
with sickle-cell disease. Generally speak-

ing, most of these studies have not fo-
cused on the benign forms of sickle-cell
anemia, since these can only be identi-
fied through systematic studies covering
a large part of the population.

Overall, the limited clinical
experience to date in Costa Rica suggests
that sickle-cell anemia shows the same
broad variation in degrees of clinical se-
verity that is found in other countries.
Thus, we observe patients who are se-
verely affected and others with benign
manifestations.

In 1961, Elizondo (32) showed
the Central American Medical Confer-
ence of that year a case of priapism
caused by sickle-cell disease in a Mestizo
subject with a Panamanian father and a
Costa Rican mother. In 1965, Elizondo
and Solano (33) reported a heterozygous
hemoglobin § and hemoglobin C (SC)
case in a subject of mixed racial origins
from Guanacaste who exhibited a long-
standing untreated chorioretinitis, neu-
rologic alterations, and splenomegaly.

Zomer, in an unpublished re-
port (34), has reviewed the files of 20 pa-
tients with sickle-cell disease at the San
Juan de Dios Hospital in San José, Costa
Rica, from 1967 to 1974. The ages of
“aduit” subjects at their first admission
to this hospital ranged from 13 to 45
years, the average being 21 years. All of
these patients came from parts of the
country known to have an Hb S prob-
lem. In all, the 29 study patients had
been hospitalized 114 times, for a total

TABLE 3. Frequencies of heterozygous Hb AS subjects and subjects with sickie cell
disease (Hb SS) reported by studies of hospital patients in two provinces of Panama

in 1981 (12).

No. of Hb AS Hb SS
Province subjects (%) (%)
Panama? 850 18.6 6.0
Colon 428 21.0 89

3 Also cited: 1.3% Hb SC and 0.80% Hb AC (72).



of 2,419 days, the average stay being 21
days. This latter figure contrasts with the
overall average length of stay at this hos-
pital, which was 11.5 days during the
study period. The reasons for hospital-
ization of these patients and the main
complications obsetved are shown in
Table 4.

Since 1978 we have been try-
ing to correctly identify the hemoglobin
genotypes of patients with the sickling
syndrome. At times these genotypes
have not been identified cotrectly for
lack of adequate analytic and genetic cri-
teria. However, it is known that electro-
phoretic testing based on the positions of
the Hb A, Hb E and Hb S bands can
serve to distinguish between various sick-
ling syndromes including SS disease
(8%8%); Hb S—p° thalassemia (358%% °);
Hb S—&43° thalassemia (8%(88)4 °); S8
combined with alpha thalassemia (for ex-
ample: a—/a—; B53%); Hb S combined
with the hereditary persistence of (pan-
cellular) fetal hemoglobin found in
Black populations (8%, HPFH); SS com-
bined with hereditary persistence of (het-
erocellular) fetal hemoglobin (858%,

TABLE 4. Reasons cited for 114 hospitalizations and for
various complications observed in 29 sickle cell anemia
patients over 13 years of age who were admitted to the
San Juan de Dios hospital in San José, Costa Rica, in the
1967-1974 period (32).

No. of

Reason cited patients

Painfui crises 48
Leg ulcer 24
Jaundice

Anemia

Bone alterations
Lung problems
Urinary infection
Septic arthritis
(Obstetric problems
Gluteus abscess
Enterocolitis

MMNWLWH O WD

HPFH); and Hb S combined with abnor-
mal beta chain hemoglobins such as Hb
Korle Bu (858¥edeB) 7 This last doubly
heterozygous condition has been found
in a Black Costa Rican patient, now quite
old, who for many yeats was diagnosed as
having “atypical sickle-cell disease.”

A careful analytical examina-
tion that includes electrophoresis of he-
moglobin under both alkaline and acidic
conditions, a quantitative solubility test,
measurement of A; and F hemoglobins,?
staining of Hb F in a blood smear, and
examination of the patient’s family his-
tory will generally permit determination
of the patient’s true genotype. Routine
hematologic and clinical studies in such
cases make it possible to advise the clinic
of the existence of a disorder related to
classic sickle-cell disease. This diagnostic

7 The Greek letters alpha (@), beta (8), gamma (), and
delta (8) refer to different kinds of polypeptide chains
in hemoglobin molecules. The principal type of hemo-
globin found in the normal adult—known as hemoglo-
bin A or Hb A—consists of two & and two 8 polypep-
tide chains, each chain being folded around a pocket
containing a heme molecule. Thalassemias, caused by
partially functional or nonfunctional genes for produc-
tion of the alpha or beta chains, are termed « or 8 tha-
lassemias. Since each person possesses two separate
genes for production of the o chain, the normal o glo-
bin genotype can be designated as ccee/ cxex. Varying de-
grees of thalassemia are associated with partially or
completely nonfunctional genotypes designated as a-/
aq, -/ a—, aal--, or -—/--. Alternatively, the geno-
types or phenotypes of subjects with thalassemia can be
written using * and ° supersctipts, with a* and 8+ des-
ignating partial function and &° and @° indicating non-
function.

In this system of annotation, B* indicates normal
production of the 8 chain found in hemoglobin A, g5
indicates presence of the sickle cell gene, and (8 B)° in-
dicates nonfunction of the genes responsible for pro-
ducing both the 8 and 6 chains. To designate genes in-
volved with thalassemia, the letters “'thal” (e.g., 8 ©)
may be used (33).

A; hemoglobin, normally a minor constituent of adult
hemoglobin, contains two delta (§) polypeptide chains
instead of two beta chains; Hb F (fetal hemoglobin)
contains two gamma (-y) chains instead of the 8 chains.

@
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process is telatively easy when the hemo-
globin level exceeds 9.0 g/dl, when mi-
crocytosis is evident, when splenomegaly
persists in an adult, and when moderate
clinical symptoms are present. The level
of reticulocytes and the petcentage of ir-
reversibly sickled cells are also important
factors.

On studying cases of sickle-
cell disease in 14 individuals with mixed
racial backgrounds (36), we found the
hematologic values indicated in Table 5.
The family study catried out in connec-
tion with this work led to detection of
four people with the homozygous SS
genotype combined with alpha thalasse-
mia whose cases met the criteria cited for
this double condition (37). These four
subjects yielded the average hematologic
values shown in Table 6. In addition, 38
relatives of the homozygous SS patients
were found to possess the heterozygous
Hb S gene. These 38 subjects were classi-

TABLE 5. Hematologic values found for 14 subjects with
sickle-cell disease in Costa Rica.

Average value,
+1 standard

[tem deviation

Hb (g/dI) 79 +£14

Hematocrit (ml/dl) 255 £ 35

Mean corpuscular hemoglobin 314 £1.3
concentration (MCHS, g/di)

Reticulocytes (%) 10.2 £ 4.2

Irreversibly sickled cells 12.4 + 6.6
(ISC, %)

Hb F (%) 10.6 + 5.0

Hi A, (%) 3.5 £0.33

Serum iron (pg/dl) 75.0 + 311

Total iron-binding 328.2 + 69.8
capacity (ug/dl)

Folates (nanograms/ml) 147 £ 94

Vitamin By, (picograms/mi) 670 + 254.6

TABLE 6. Hematologic values found for four subjects
with the homozygous sickle-cell genotype and alpha tha-
lassemia in Costa Rica.

Average
ltem value
Hb (g/dl) 9.55
Hematacrit (ml/dl) 29.1
Mean corpuscular hemoglobin

concentration (MCHC, g/di) 304
Reticulocytes (%) 8.0
Irreversibly sickled cells (ISC, %) 11.0
Hb A, (%) 341
HB F (%) 14.6

fied according to whether Hb S ac-
counted for more or less than 34% of
their total hemoglobin, as shown in Ta-
ble 7. (The table only includes 36 sub-
jects because two with iron deficiency
were dropped from the “less than 34% "
group.)

In general, it is known that a
significant subgroup of the Black popu-
lation with the homozygous sickle cell
trait (3%8%) also has o (38, 39). Many
of these cases ate confused with 8584,
This coexistence of 858° and o™ (espe-
cially o) gives rise to 2 hematologic
picture characterized by mictocytosis, hy-
pochromia, high levels of Hb F, and
higher figures for total Hb than is ob-
served in classic sickle-cell disease. A
slight relative increase of Hb A, (39) has
also been described in these cases.

The clinical symptomatology
of these o™ 8585 syndromes, especially
those with o °, is less severe than that
of classic sickle-cell disease (40), possibly
because the mean corpuscular hemoglo-
bin concentration is reduced—a circum-
stance that (along with the increased
Hb F) reduces the tendency to sickle. It is
important to point out that splenome-
galy, which is found in some 50% of the
classic sickle-cell disease cases, may be
found in the SS cases with o™; but it



TABLE 7. Concentrations of Hb S, Hb F and Hb A, as a percentage of total hemoglobin (plus or minus one standard
deviation) in 36 subjects heterozygous for Hb S. The subjects were divided into two groups for analytical purposes, those
with over 34% Hb S and those with less than that percentage (30, 33).

Hb S (%) Possible genotype No. Hb S (%) Hb F (%) Hb A; (%)
>34% AS without etha! + 28 37216 11209 33+03
<34% AS with ol + 8 329x1.0 11 x09 3.3x05

tends to be more conspicuous with o ©

than with o™ + (41).

In this regard, eight of the 36
Hb S (AS) cases listed in Table 7 also ap-
peated to have o™ *, a logical finding
since a large percentage of the people
where the study subjects resided (in the
province of Puntarenas) are of African
extraction, and since the o™ * gene is
very prevalent among Blacks (42).

While environmental factors
such as temperature and altitude may di-
minish the clinical picture of sickle-cell
disease, socioeconomic factors are of pri-
mary importance, since improvement of
the clinical picture and life expectancy of
sickle-cell disease patients depends on
general improvement of living stan-
dards (1).

It should also be noted that
we have observed Costa Rican disease
cases caused by the 353%™ combination
(both g *+ and gtha!©), These cases have
had variable clinical pictures that were
sometimes indistinguishable from S§
disease and sometimes slight or moder-
ate, independent of whether they in-
volved el + or ghale Thus the progno-
sis for such a case cannot be artived at
merely on the basis of these hemoglobin
patterns.” We have also confirmed the
usual and mild clinical picture of the dis-
ease caused by the combined presence of

¢ There are a good many molecular variations within the
general thalassemia a*, «°, 8%, and B° categories;

many of these molecular variations are not yet well un-

derstood.

hemoglobins S and C, together with the
serious ocular complication involving
proliferative retinitis and vitreous hem-
otrhage (43).

Uncommon Abnormal
Hemoglobins

Several abnormal hemoglo-
bins have been detected in Central
America. These abnormalities involve
the alpha, beta, and delta chains as well
as combinations of portions of those
chains such as that found in Hb Lepore.
Table 8 lists the electrophoretic mutants
reported as of 1984. The list is modest,
partly for lack of systematic studies in the
Central American countries except for
surveys conducted in Costa Rica (23). (To
support efforts that are needed in this re-
gard, the Costa Rican multidisciplinary
group studying hemoglobinopathies,
with PAHO support, has published an an-
alytical protocol applicable to developing
countries for identifying Hb variants,
thalassemia syndromes, and glucose-6-
phosphate dehydrogenase (G6PD) defi-
ciency—50.)

To help assess the presence of
uncommon hemoglobins identified thus
far in our countries, it should be men-
tioned that no Hb polymorphisms have
yet been detected among the indigenous
peoples of Central America, and most of
the variants present in nonindigenous
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TABLE 8. Uncommon hemoglobin variants reported in Central America as of 1984.

Cases or Reference No.

Country and Hb variant families involved Racial group of data source
Costa Rica:

Korle Bu 1 family Black 44

J Cubuyjuqui 1 case Caucasian 45

E 1 family Spanish-indian 46

Suresnes 2 families Mestizo 47

New York 2 cases Asiatic-Mestizo 48

G Philade!phia 1 case Black 49

Ay 32 cases (in General population 50

17,000 subjects)

El Salvador:

N Battimore 1 case 51
Panama:

Q lran 1 case 52

Korle Bu 1 case 52

G Philadelphia 1 case 52

Lepore 1 case 52

Babinga 1 case 52

ethnic groups (such as Hb Korle Bu and
Hb G Philadelphia) have come from Af-
tica (44, 49, 53). Some of these markers
are specific to particular regions of Af-
rica; hence, their presence in Central
America tends to define the regions of
origin of the Black populations among
which they appear. For example, Hb
Korle Bu, associated with populations in
Ghana and the Ivory Coast, has been
found in both Costa Rica and Panama
(44, 53).

Hb Cubujuqui, an abnormal
hemoglobin produced by substitution of
serine for arginine at position 141 (helix
HC 3) on the o polypeptide chain, has
been found in one instance in Costa
Rica. The clinically silent condition,
which was identified in a Caucasian
Costa Rican schoolboy, resulted from a
spontaneous point mutation (45). Point
mutations of this sort should give rise to
slight polycythemia whenever the argi-

nine at position 141 of the « chain is
compromised in stabilizing the desoxy
form of the hemoglobin molecule.

Hemoglobin E has been found
in Costa Rica in three members of a Cau-
casian-Mongoloid Salvadoran family
(46). Hb E is very frequent in Burma and
Thailand, as well as in certain Mongoloid
populations of India and Malaya; and it
has been suggested that much of El Sal-
vador’s present population has resulted
from the interbreeding of an indigenous
(Mongoloid) race with Blacks and Cauca-
sians, giving rise to Mongoloid (~80%)
and Caucasian-Black (~20%) mixtures
(54). It has also been suggested that
Hb E may have reached tropical America
directly from Asia, or else via Africa (as-
suming that people from Malaysia trav-
eled to the East Coast of Africa and then
to the Americas—1).

Hb Suresnes, produced by
substitution of histidine for arginine at
position 141 (helix HC 3) of the a poly-
peptide chain, has also been found in a
Costa Rican patient. This was the second
Hb Suresnes case identified internation-



ally (47), the first having been described
in France in a male Caucasian child (55).
The Costa Rican involved was a healthy
woman 23 years old with Hispanic-Indig-
enous ancestors and a racially mixed ap-
pearance. In the original report on Hb
Suresnes, it was noted that the indicated
substitution of histidine for arginine
would mildly upset the oxy-deoxy bal-
ance of the hemoglobin molecule, pro-
ducing slight erythrocytosis.

Hb New York—produced by
substitution of glutamic acid for valine at
position 113 (helix G15) on the 8
chain—was first described in a Chinese-
North American family (56). This hemo-
globin has been reported in Costa Rica
(48) in three members of two related
families of Asian-Mestizo appearance.
This apparent ancestry could explain Hb
New York’s presence, since subsequent
publications report it being found
among Chinese subjects in Tatwan (57).

Hemoglobin B,, also known
as hemoglobin A’,, results from a muta-
tion affecting the delta chain (causing
substitutions of arginine for glycine at
position 16, helix A13). A study carried
out in Costa Rica (23) has confirmed the
existence of small amounts of Hb B, in
some subjects. Specifically, its prevalence
among Black study subjects was found to
be considerable (2.58%); its prevalence
was lower (0.29% ) among Mestizos, and
still lower among Caucasians (0.07%).

In Panama, the Babinga delta
chain variant (produced by substitution
of aspartic acid for glycine at position
136, helix H14) has been found, as have
hemoglobins Q Iran and Lepore (52).
Panama has experienced tremendous
Spanish-Black-Amerindian racial mixing
and significant Arab, Jewish, and Asian
immigration—including arrival of a

large number of Hindu immigrants from
India.

THALASSEMIAS

The indigenous peoples of
Central America do not appear to have
genes for thalassemia. That is, the few re-
ports citing such genes indicate that they
have resulted from relatively recent racial
mixing, in the manner of the Hb S genes
found among these Amerindians (58). It
can thus be infetred that the genes for
thalassernia in these countries have been
introduced by immigrants from places
where these hereditary defects are rela-
tively common.

In this vein, it is plausible to
think that the epidemiology of the tha-
lassemias, like that of the abnormal he-
moglobins, has undergone significant
changes in Central America because of
racial mixing, a process that in the past
was sometimes limited or controlled by
racial segregation. At present, given the
modern trend toward ethnic dilution
and lowering of social batriers, the situa-
tion could continue to change signifi-
cantly.

It is not generally possible to
pinpoint the regions of origin of the
thalassemias, partly because genes for
thalassemia were widely distributed
among various ancestral populations. In
general, although there are marked vari-
ations in their frequency, both alpha and
beta thalassemias are found in African
and Meditetranean countries (59, 60). In
Spain, for example, 8% is present in
1.1% to 3.43% of the population
(61, 62), although ¥ in that country is
much less common (63).

In most cases it is not possible
to establish the racial origin of a specific
thalassemia gene, partly because the
clinical picture produced by each type of
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thalassemia tends to be similar in differ-
ent racial groups. Thus, even though
beta thalassemia is usually moderate
among Blacks, it sometimes shows the
severe sorts of clinical pictures more com-
monly observed in Europeans.

At the molecular level, a great
heterogeneity has been observed in both
alpha and beta thalassemias, different
genetic lesions having been demon-
strated in different racial groups (64). In
this vein, gene mapping has shown indi-
vidual and demographic variations of
each thalassemia variant studied in
Black, Oriental, and Caucasian individ-
uals. Since tropical America has a largely
mixed population, it is expected that
such genetic analyses will yield worth-
while anthropologic information and
shed considerable light on the heteroge-
neity of existing thalassemia phenotypes
and genotypes.

Alpha Thalassemias

Costa Rica is the only Central
American country where the presence of
ah® has been reported (Table 9). Identi-
fication of this marker has always been
accomplished on the basis of hemato-
logic criteria and family studies. In gen-
eral, it seems clear that the prevalence of
a in Costa Rica has arisen from a ra-
cial/ethnic mixing of the population
that has mediated the Caucasian (Euro-

TABLE 9. Cases of alpha thalassemia diagnosed in Costa Rica.

pean) influence as well as the Black (Afri-
can) and Asian (especially mainland Chi-
nese) influences.

The different forms of alpha
thalassemia generally result from the in-
teraction of two basic alleles (aax), both
of which produce the alpha polypeptide
chain. a®® * involving partial nonfunc-
tion, is associated with the () haploid
genotype; while a®?°, involving com-
plete nonfunction, is associated with the
(--) haploid genotype. Studies of Asian
newborns suggest that the o™ and «°
genes occur frequently among the Chi-
nese, Malaysian, and Thai peoples (69).
Different molecular lesions producing
a™ and o° phenotypes have also been de-
tected in Mediterranean peoples, though
with a lesser frequency (70).

The o gene is not generally
found in the Black race, a circumstance
that may explain the absence of hemo-
globin H disease among Blacks (71).
(The presence of this disease in the Costa
Rican and Panamanian populations is
due to those populations’ European and
Asian ancestries—65-67).

Thai experience has demon-
strated that the presence of Bart’s hemo-
globin among newborns provides the
most practical basis for diagnosing o™

Race of study % with defect and Reference No.
subjects No. of subjects the defect reported of data source
Mestizo 5382 1.12% (ot and o°) 22
Mestizo 400 0.25% {a°; B285) 65
Chinese-Spanish 1 Hb H disease (—/--) 66
Caucasian 6712 2.48% (™ and a°) 24
Mestizo-Chinese 2 Hb H disease (a—/-~) 67
Chinese-European 1 Hb H disease (cvae/--) 68
Black 2702 25% at, 3.5% o° 25

a Umbilical cord samples.



in Oriental populations (69). (Blacks
who are heterozygous for a®* + do not
always show increased levels of Bart’s he-
moglobin—1).

In Costa Rica, as Table 9 indi-
cates, three population surveys of alpha
thalassemia have been conducted. The
one involving 671 Caucasian subjects
(newborns) evaluated the concentration
of Bart’s hemoglobin semiquantitatively
using starch-gel electrophoresis. This
study found the frequency of the silent
o™ phenotype to be 2.08%, and that of
the o™ ° gene (severe thalassemia) to be
0.40% (24). Another survey, of umbili-
cal cord blood samples from 270 Black
newborns, yielded Bart’s hemoglobin
values indicating that 25% of the new-
borns had the a* character while 3.5%
had a° (25).

Beta Thalassemia

Aside from data obtained in
Costa Rica, there is no precise informa-
tion on either the presence or the fre-
quency of the 8% marker in Central
America. This is partly because no ana-
lytical methodology has been devised to
permit detection of the 8% marker. The
available Costa Rican data on the mark-
er’s presence, summarized in Table 10,
were obtained by means of a simple and
practical analytical approach that has
been described elsewhere (83).

Another important point here
is that data on the prevalence of 8% in
Central America tend not to be represen-
tative of the ethnic groups comprising
the population, either because only a few
samples were analyzed or because sound
criteria for adequately determining the
racial composition of the study popula-
tions were lacking.

TABLE 10. Cases of beta thalassemia and hereditary persistence of fetal hemoglobin (HPFH) diag-
nosed in Costa Rica. (3 indicates the beta thalassemia gene with some S-chain production; 3°
indicates the beta thalassemia gene with no 8-chain production.)

Study subjects’
classification or Reference No.
racial group No. of cases Phenotypes of data source
Mestizo 2 Bg3pt 72
Hospital patients 11 Bt 73
Caucasian g (68)Md o 74
University students 2/1,500 HPFH (pancellufar, 74
Greek type)
Mestizo 571,702 HPFH (pancellular, 75
Black type)
Caucasian 1 Cooley’s anemia (318™1) 76
Mestizo 2 (8%6°) 77
Black 1 (B!, increased 78
Hb A, and Hb F)
Mestizo 2 (856°) 79
Schoolchildren 31/12,000 Behal 50
Mulatto (Nicaragua) 1 Cooley’s anemia (3*87) 80
Italian (Costa Rica) 2/64 gebal 81
Caucasian 1 Mild Cooley's anemia— 82
thalassemia intermedia,
60(66)0
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Regarding actual cases of beta
thalassemia, isolated cases have been re-
ported in El Salvador and Panama. Also,
the previously mentioned study of
12,000 Costa Rican schoolchildren
showed 0.26% to have the disorder—a
finding illustrating the relative impot-
tance of this gene in a fundamentally
Caucasian population.

Since the eradication of ma-
laria in Costa Rica, it has not been possi-
ble to corroborate the controversial find-
ing of high hemoglobin A, values in
connection with that pathology (84).

The doubly hetetozygous
condition  BSMel_je.,  pBS@tel *

B5pha o or B5(8 B)hal °—has also been re-
ported in Costa Rica (72, 77, 79). How-
ever, it is not possible to identify the het-
erozygous BT and B° states with routine
or conventional hematologic methods
unless one uses an approptiate genetic
approach. The most solid evidence for
specific primary action by 8 and §°
genes is therefore obtained from hema-
tologic and biochemical studies of dou-
bly heterozygous states that involve an-
other structural variant (such as 8%) of the
beta chain. For this reason, the distinc-
tion between 8% and B° should only be
made on the basis of an appropriate
framework of genetic information—as
was done, for example, in an article re-
lating detection of the 8° gene in con-
junction with hemoglobin S to the
observed concentrations of hemoglobins
Fand S (79).

In addition, homozygous beta
thalassemia (known as thalassemia major
or Cooley’s anemia) has been reported in
Costa Rica (76, 80). The first reported
case was diagnosed in a Caucasian Costa
Rican subject and the second was found
in a Black girl from Nicaragua. (This lat-
ter diagnosis provided the basis for our
conclusion that this pathology existed in
Nicaragua.) Subsequently, a case of mild
Cooley’s anemia (thalassemia inter-

media) with one delta chain gene
involved—g%a o(§8 )4 °—was diagnosed
in a Caucasian girl (82).

It is well known that the eth-
nic distribution of thalassemia major var-
ies from country to country, although in
general the disorder is found most often
in Caucasians, among whom it produces
a clinical picture similar to that observed
in Mediterranean populations (1). It is
generally accepted that this disease is less
sevete among Blacks, a conclusion sup-
porting the theotetical existence of a
Black 8** gene distinct from the Medi-
terranean BF gene (64).

Finally, within this context, it
should be noted that both Black and
Greek vatieties of hereditary persistence
of fetal hemoglobin (HPFH) have been
reported in Costa Rica (21, 75).

G’LUCOSE-6-PHOSPHATE-
DEHYDROGENASE
POLYMORPHISM

IN COSTA RICA

The role of glucose-6-phos-
phate-dehydrogenase (G6PD) deficiency
in hemolysis, especially among Blacks,
has been under study in Costa Rica for
over 15 years (6). This hemolytic phe-
nomenon has also been detected in El
Salvador and Honduras (15, 51, 54). Re-
garding Costa Ricans, the frequency de-
tected in males by giving the methe-
maglobin reduction test to 621 subjects
was 12.6% (85); a lower frequency
(4.3%) was found in a mixed (primarily
Black) population in Guanacaste (86).
The previously mentioned nationwide
survey of 12,000 Costa Rican schoolchil-



dren showed 2.3% of the boys (irrespec-
tive of race) to be affected (23).

In 1974 a new G6PD variant
called Gd San José was reported in a
male Costa Rican Caucasian subject (87).
In 1982 another new mutant with
strong clinical expression, designated Gd
Puerto Limén, was identified (13); and
this was followed by identification of an-
other pathogenic variant, Gd E Santa-
marfa, in 1983 (88). At present, electro-
phoretic studies permit phenotypic
characterization of all the G6PD variants
studied in our laboratories, and also per-
mit us to determine their degree of
activity.

SUMMARY

The prevalences of abnormal
hemoglobins and thalassemias depend
largely upon the hereditary racial compo-
sition and geographic origins of the af-
fected populations. For this reason, the
highly varied immigration and racial pat-
terns found in Central America and Pan-
ama make it logical to expect prevalences
that vary greatly from one country to an-
other and even from one population to
another within a given country. Unfortu-
nately, literature on the problem is
scanty, and so the review presented here
draws heavily upon fairly extensive infor-
mation available from Costa Rican stud-
tes, supplemented wherever possible
with data from Panama and other parts
of Central America.

The sickle cell gene for hemo-
globin S (Hb S) has not been found
among purely indigenous groups studied
in Costa Rica and Panama. However,
noteworthy prevalences of Hb S have

been reported among Blacks and other
population groups in Costa Rica, El Sal-
vador, Guatemala, Honduras, and Pan-
ama, with apparent levels of the hetero-
zygous Hb S marker reaching as high as
30% of one survey population in the lat-
ter country. In addition, the presence of
the hemoglobin C matker has been re-
ported in Costa Rica, Honduras, and
Panama; and various sickling syn-
dromes—including heterozygous Hb S
C, Hb S combined with Hb Kotle Bu,
homozygous Hb § with alpha thalasse-
mia, heterozygous Hb S with alpha (a™)
thalassemia, and Hb S with beta thalas-
semia (both 8% and B°)—have been

found ia Costa Rica.

Reoqrrhqg uncommon abnor-

mal hemoglobins, the hem lobms A,
E, G Philadelphia, Kotle Bu J Cubu-
juqui, New York, and Suresnes have
been found in Costa Rica; the hemoglo-
bin N Baltimore has been found in El
Salvador; and the hemoglobins Babinga,
G Philadelphia, Kotle Bu, Lepore, and
Q Iran have been found in Panama.

Costa Rica is the only Central
American country where precise infor-
mation is available on the presence of
ot and B%al markers. The o™ studies
involved have detected o™ marker prev-
alences ranging from 1.12% to 25% of
the various study populations, as well as
isolated cases of hemoglobin H disease.
The B4 studies have detected various
kinds of beta thalassemia genotypes—in-
cluding Cooleys anemia (387), mild
Cooley’s anemia (8°(88)°), (88)°, B8,
8%8°, and beta thalassemia associated
with increased concentrations of hemo-
globins A; and E

In addition, pancellular he-
reditary persistence of fetal hemoglobin
(both Black and Greek varieties) has
been reported in Costa Rica, and consid-
erable work has been done on glucose-6-
phosphate dehydrogenase (G6PD) defi-
ciency in that country. Three G6PD
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vatiants (Gd E Santamaria, Gd Puerto
Limén, and Gd San José) have been
found initially in Costa Rica, and Costa
Rican studies designed to detect associ-
ated hemolysis have found frequencies
ranging from 2.3% to 12.6% in various
study populations. Such hemolysis has
also been detected in El Salvador and
Honduras.
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