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Extract 

In three population surveys in Greece, the incidence of glucose-6-phosphate dehydrogenase (G-6-PD) 
deficiency and neonatal jaundice was examined in randomly selected male newborns. The incidence 
rate of G-6-PD deficiency was 2.92 % in the Alexandra survey (population of Athens and southern 
Greece), 4.93 % in the Lesbos survey and 12.5 % in the Rhodes survey. In all surveys, severe jaundice 
without blood group incompatibility or low birth weight appeared much more frequently in G-6-PD- 
deficient than in normal newborns, but there were striking differences. In Lesbos, severe jaundice 
was found much more frequently in both G-6-PD-deficient and normal groups than in comparable 
groups in the other two surveys. Similarly, at  4 days of age, values for serum bilirubin in control 
groups were 9.43f 4.39 mg/100 ml in Lesbos and 7.88 f 4.8 mg/100 ml in Rhodes (p < 0.05). These 
differences indicate that in Lesbos, an unknown icterogenic factor alone increases the incidence of 
neonatal hyperbilirubinemia and, in conjunction with G-6-PD deficiency, causes severe neonatal 
jaundice (serum bilirubin values higher than 16 mg/100 ml) in 43 % of G-6-PD deficient infants. 

In the Rhodes survey, values for hemoglobin and serum bilirubin and reticulocyte count in the 
G-6-PD-deficient group were compared with values in the cord blood and in samples of blood drawn 
on the 4th day of life from the control group. The G-6-PD-deficient group had lower hemoglobin 
values and higher serum bilirubin values than the control group. The mean values (g/100 ml) for 
hemoglobin in cord blood were 14.42% 1.24 and 15.364 1.36 in the G-6-PD-deficient and control 
groups, respectively. In samples obtained at 4 days of age, the values were 15.6 f 1.34 and 16.65 f 1.37, 
respectively, in the two groups. The mean values (mg/100 ml) for serum bilirubin in cord blood 
were 1.98 f 0.64 and 1.68 & 0.42, respectively, in the two groups. At 4 days of age, the values were 
9.86* 6.6 and 7.88f 4.8, respectively. These results indicate a diminished life span of G-6-PD-defi- 
cient erythrocytes in the fetal and neonatal period. 

Speculation 

This study demonstrates the existence in some newborn populations of an icterogenic factor unrelated 
to blood group incompatibility or G-6-PD deficiency. 

Further studies are needed to determine the hemolytic or hepatic nature of this factor and whether 
this factor interacts with ABO incompatibility or prematurity. In this work, the relation of this factor 
to G-6-PD deficiency has been studied. 



Introduction 

In 1955, we reported that in a large number of cases 
of severe jaundice in Greek newborns, blood group in- 
compatibility was absent [26]. This finding prompted 
a series of systematic studies in search for new causes of 
neonatal jaundice. As a result of those studies, it was 
shown in 1960, that glucose-6-phosphate dehydro- 
genase (G-6-PD) deficiency was causally related to the 
development of severe jaundice and kernicterus in 
some newborns [lo]. At the same time, isolated reports 
of cases of severe jaundice associated with this enzyme 
deficiency appeared in Italy [24], Singapore [28] and 
Malay [36]. The etiological relation of severe jaundice 
to G-6-PD deficiency was firmly established when the 
incidence of this enzyme defect was reported to be 
approximately 20 times higher in a group of infants 
with unexplained severe neonatal jaundice than it was 
in control groups of normal infants or infants with 
severe jaundice of known etiology [8,9]. As anticipated 
[3 11, this discovery of a red cell enzyme defect in severe 
neonatal jaundice opened a new chapter in the etiology 
of neonatal jaundice that includes a number of red cell 
enzymopathies [32]. 

A number of studies have demonstrated the role of 
G-6-PD in maintaining the integrity of the red cell 
under oxidative stress [2, 6, 17, 30, 351. Thus, an 
assumption could be made that an exogenous hemo- 
lytic factor was necessary for the development of severe 
jaundice in the G-6-PD-deficient babies. When such 
a factor could not be found, an unidentified one was 
invoked [5, 28, 361, but the possibility of the latter 
factor appeared unlikely for the cases described in 
Greece and Italy. 

In 1962, incidence of severe jaundice was reported 
much higher in siblings of newborns with severe jaun- 
dice arising from G-6-PD deficiency than it was in the 
general population of G-6-PD-deficient neonates [13]. 
This finding led to the hypothesis that a second, in- 
dependently transmitted hereditary factor was neces- 
sary for the development of severe jaundice in G-6-PD- 
deficient neonates. PANIZON [24] had previously re- 
ported this familial incidence in isolated cases. 

Population group studies on the relation of G-6-PD 
deficiency to neonatal jaundice showed that in the 
American Negro [37,39] and in Israel [29], this mani- 
festation of G-6-PD deficiency was practically absent. 
In Greece and in Turkey [27], in Sardinia [24, 251, 
and among the Malayans and Chinese in Singapore 
[5,28,36], neonatal jaundice was a frequent manifesta- 
tion of G-6-PD deficiency. These geographical and 
racial differences suggested that either the elusive exog- 
enous factor was present only in some areas or that 
an additional genetic factor was present only in some 
races. 

The field surveys used in the present study were 
designed to obtain epidemiological data to investigate 
the problem of the pathogenesis of jaundice caused by 
G-6-PD deficiency. The island of Lesbos was chosen 
because incidence of severe hyperbilirubinemia with- 
out incompatibility was known to be high. Rhodes was 
selected for the opposite reason. Since G-6-PD defi- 
ciency had been reported to be present in high fre- 
quency in that region [13], severe jaundice was ex- 
pected to occur rarely. 

The results of these two surveys will be compared 
with data from a previous survey covering the general 
population of Greece. 

Material 

The Alexandra survey included 786 randomly selected 
male newborns studied at the State and University 
Alexandra Maternity Hospital in Athens [13]. This 
group can be considered representative of the popula- 
tion of Southern Greece and will be used for compari- 
son with the groups in the other two surveys. 

The Lesbos survey was conducted during two study 
periods. The first period (September 1962-August 
1963) included 634 male newborns who comprised 
97.9 % of all males born to inhabitants of a specific 
geographical area of the island [12]. The second period 
(November 1963-August 1964) included consecutive 
male births in the general hospital and private nursing 
clinics in the town of Mytilene. Data obtained during 
both periods are combined. 

The Rhodes survey included all male newborns de- 
livered in the general hospital and private clinics of 
the town of Rhodes during 1966. 

In both Lesbos and Rhodes, most infants were breast 
fed exclusively during the 1st week of life. 

Methods 

In all surveys, the brilliant cresyl blue (BCB) decolor- 
ization test described by MOTULSKY and CAMPBELL- 
KRAUT [2 11 was used for determining G-6-PD. All 
samples were tested at least twice: thcfirst time, locally, 
in Lesbos or in Rhodes, and the second time, in our 
central laboratory. All samples found to be deficient 
in G-6-PD were tested a third time. In most of the 
G-6-PD-deficient infants from Lesbos, the enzyme 
activity was estimated quantitatively. Since, in the 
Lesbos survey no discrepancy was found between the 
BCB test and the quantitative results, this step was 
omitted in the Rhodes survey. 

All babies were observed daily, if possible, and the 
presence and degree of jaundice was ascertained by 



visual examination. In infants presenting more than 
moderate jaundice, serum bilirubin was measured. If 
the clinical condition of the children warranted fur- 
ther study, measurements were repeated. In theRhodes 
survey, the blood groups of all mothers and babies were 
determined. In  addition, serum bilirubin was measured 
on the 4th day of life in most infants with G-6-PD de- 
ficiency. 

Samples from cord blood and blood obtained on 
the 4th day of life were measured for levels of serum 
bilirubin. Analyses were carried out in the central 
laboratory [19] in accordance with recommendations 
for a uniform bilirubin standard [7]. The values ob- 
tained were regularly checked by using 'Versatol 
Pediatric'@ for comparison. Standard methods were 
used for all other laboratory studies. Student's t test 
was used for estimation of probability values. 

Results 

Incidence of Severe Neonatal Jaundice in the Three Survqs 
The incidence of G-6-PD deficiency, as well as the 

incidence of severe jaundice in the G-6-PD normal and 
in the deficient male newborns, is shown in table I. 
The number of infants who required an exchange 
transfusion, which was usually performed when serum 
bilirubin reached a level >25 mg/100 ml, or who 
developed kernicterus is also shown. 

The incidence of severe jaundice was much higher 
in the G-6-PD-deficient neonates than in the corre- 
sponding group of normal infants. In  the Alexandra 
survey, the differences did not reach levels of statistical 
significance (0.1 < p < 0.02), but in the other two sur- 
veys, the differences were highly significant (p < 0.001). 

In the three surveys, there were significant differ- 
ences in the incidence of severe jaundice in both normal 
infants and those deficient in G-6-PD activity; more- 
over, the differences were in the same direction and 
were approximately of the same magnitude for both 
groups. In Rhodes and in Lesbos, the incidence of 
severe jaundice in the two groups was 2-3 times higher 
and 10 times higher, respectively, than that in the cor- 
responding groups of the Alexandra survey. 

The results of the study of the cases of severe jaundice 
are shown in table 11. Data were analyzed according 
to the presence or absence of fetomaternal blood group 
incompatibility or low birth weight (< 2,500 g). 

Severe jaundice caused by Rhesus isoimmunization 
was rare. There were only two cases in the 2,599 male 
newborns of the three surveys. 

There were striking differences in the severe jaun- 
dice that developed in infants who had no blood group 
incompatibility and who were not of low birth weight. 
In the Alexandra survey, one such case occurred in 
every 400 births of G-6-PD normal males; one occurred 
in every 100 births in the Rhodes survey and one in 
every 15 births in the Lesbos survey. Exchange trans- 

Table I. Incidence of G-6-PD deficiency and severe neonatal jaundice in three populations of randomly selected 
male newborns 

Survey No. of patients G-6-PD activity No. in group No. with severe No. with 
jaundice1 exchange 

transfusion or 
kernicterus 

Alexandra 786 Normal 763 

Deficient 2 3 
(2.92) 

Lesbos 1317 Normal 1252 

Rhodes 

Deficient 65 
(4.93) 

496 Normal 434 

Deficient 62 
(12.5) 

Marked jaundice by visual estimation and bilirubin levels in serum, value 2 16 mg/100 ml. 
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fusion was necessary for infants with normal G-6-PD 
activity and without incompatibility in the Lesbos 
survey only. In  this survey, both the frequency and 
severity of jaundice resulting from ABO incompati- 
bility and prematurity was higher than that in the 
other two surveys, although the difference was not as 
striking and did not reach the levels ofstatistical signifi- 
cance that occurred in the group without incompati- 
bility. 

Six cases of kernicterus occurred in G-6-PD-deficient 
infants with no incompatibility. Three infants were in 
Lesbos and three were in Rhodes. Prevention of kernic- 
terus failed because the babies could not be brought 
to Athens for exchange transfusion. 

Laboratory Data on the Cases of Severe Jaundice 
in the Lesbos Survey 

Laboratory and clinical data on the infants with 
G-6-PD deficiency and of those with normal G-6-PD 
activity and no incompatibility are compared in table 
111; also, data on the group with ABO incompatibility, 
a group with known hemolysis, are presented for com- 
parison. 

Maximal or preexchange transfusion values for 
serum bilirubin and minimal or preexchange values 
for hemoglobin were obtained in infants classified ac- 
cording to three etiological groups: ABO incompatibil- 
ity; G-6-PD activity normal and no incompatibility; 
and G-6-PD activity deficient and no incompatibility 
(fig. 1). The rapid rise in the level of serum bilirubin 
and/or the low hemoglobin values in some infants in 

each group clearly demonstrated a hemolytic process. 
In the majority of the infants, however, neither of 
these criteria was present and it is unclear whether the 
predominant factor in the mechanism of jaundice is 
hemolysis or deficient excretion of bilirubin. 

In the group about which we have less information, 
those with normal G-6-PD activity and no incompat- 
ibility, jaundice appeared in 11 infants within the first 
48 h after birth; in the remaining patients, jaundice 
appeared within 96 h. None had a high reticulocyte 
count, none had more than an occasional red cell with 
Heinz bodies, and none had pyknocytosis. Eleven in- 
fants had hemoglobin values below 15 g/100 ml, and 
nine had values of 20 g/100 ml or more (fig. 1). Hemo- 
globin values and reticulocyte counts of this group are 
compared with those of a control group (randomly 
selected male full-term infants with normal G-6-PD 
activity and with no incompatibility) to assess the im- 
portance of hemolysis in the development of jaundice 
(table 111). The difference in the mean hemoglobin 
values of the two groups was statistically significant 
(p t 0.05). However, in the severely jaundiced infants, 
those who required exchange transfusion had a mean 
hemoglobin value of 18.3 f 2.2 1 g/100 ml, while those 
who required no treatment had a mean value of 16.8% 
2.14 g/100 ml (p i 0.05). These results suggest that the 
rate of hemolysis was not the main factor influencing 
the degree of hyperbilirubinemia. 

In the group of G-6-PD-deficient infants without 
incompatibility, jaundice appeared on the 1st day of 
life in only four infants (fig. 1). In  the remaining in- 

Table II. Analysis of the cases of severe neonatal jaundice1 

Survey No. of G-6-PD activity Rhesus ABO Low birth No in- No. with 
patients incom- incom- wt corn- severe 

patibility patibility patibility jaundice 

Alexandra 763 Normal 1 (1)s 3 2 2 8 
23 Deficient - - - 1 1 

Lesbos 1252 Normal 1 30(7) 6 ( 2 )  1004(12) 137 
65 Deficient - 3 - 25(8) 28 

434 Normal - 45 1 5 10 
Rhodes 62 Deficient - 2 1 4 (3) 7 

Levels of bilirubin in serum 2 16 mg/100 ml. 
Includes all group A or B infants of group 0 mothers irrespective of clinical or serological evidence of ABO 
hemolytic disease. 
Number of infants treated by exchange transfusion or with kernicterus appear in parentheses. 

4 Includes 18 infants in whom the blood group of the mother was not available but all evidence identifies them 
as belonging to this group. 
Includes two low birth weight infants. 
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Fig. I .  Lesbos survey: hemoglobin and maximum serum bilirubin values in three etiological groups of severe 
neonatal jaundice. The interrupted line indicates the expected rate of maximal serum bilirubin rise under 
the theoretical conditions of complete blockage of bilirubin elimination but normal rate of hemolysis. 
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The age at sampling is shown in fig. 1. For the controls it was the 4th or 5th day of life. 
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fants, onset of jaundice varied from the 2nd to the 4th 
day. Although seven infants in this group had hemo- 
globin values under 15 g/100 ml, a larger number of 
infants were found to have high values; thus, the level 
of hemoglobin appeared to be a poor indicator of the 
mechanism of jaundice. The mean hemoglobin value 
of the infants with severe jaundice was 16.05 5 2.63 g/ 
100 ml, a value significantly lower (p i 0.01) than that 
of controls, indicating the presence of hemolysis (table 
111). The group with G-6-PD deficiency also had a 
higher mean reticulocyte count, compared with that 
of the control group, but the difference was not statis- 
tically significant (0.1 i p i 0.2). Pyknocytosis and red 
cells with Heinz bodies were not observed in any infant 
in this group. 

Laboratory Data on the Rhodes Survey 
Values for hemoglobin, serum bilirubin, and retic- 

ulocyte count in cord blood and in venous blood 
drawn on the 4th day were determined in two groups 
of infants (table IV). The control group included con- 
secutive males of birth weight over 2,500 g, with normal 
G-6-PD activity and with no fetomaternal blood group 
incompatibility. In the G-6-PD-deficient infants, those 
with ABO incompatibility and those with low birth Fig.2. Rhodes survey: distribution of cord blood and 
weights were excluded. 4th-day hemoglobin values in two groups of newborns. 

1 

"/. Distribution of hemoglobin values 

0 Controls 
G-6-PD.def 

12 13 14 15 16 17 18 19 
Hemoglobin (G.per 100 ml.) 

Table IV. Comparison of values for hemoglobin, reticulocyte count and serum bilirubin 

Rhodes survey1 Lesbos survey 
Controls G-6-PD deficient Controls 

Hemoglobin, Cord blood (70) (33) (54) 
g/100 ml 15.3651.36 14.42 5 1.24 16.28h0.74 

Venous blood, 4th day (70) (33) (17) 
16.65 + 1.37 15.60* 1.34 18.23 51.84 

Reticulocytes, Cord blood (57) (38) (69) 
% 3.25 f 1.06 3.62f1.15 3.2f 1.23 

(1.0-6.51) (0.5-8.0) (1.0-6.4) 
Venous blood, 4th day (56) (37) (48) 

1.68f0.93 2.1 40.96 1.63kl.O 
(0.4-6.9) (0.5-4.7) (0.8-6.4) 

Serum bilirubin, Cord blood (84) (47) (56) 
mg/100 ml 1.68+0.42 1.98 50.64 1.91 f 0.75 

Venous blood, 4th day (86) (39) (60) 
7.88f4.8 9.86*6.6 9.43 &4.39 

1 In  the Rhodes survey the comparison between the control and G-6-PD-deficient groups gives the following 
results: hemoglobin: cord blood p tO.O1; 4th day p t0.05; reticulocytes: cord blood 0.09<p<0.10; 4th day 
0.08 < p  t0.09; serum bilirubin: cord blood p t0.005; 4th day 0.09 t p  t0.10. 
Number in parentheses indicates number of patients. Values given in meanf SD and where indicated, range. 



Table V. Relation of severe jaundice from G-6-PD deficiency and frequency of gene and incidence of jaundice 
within the G-6-PD-deficient group in three populations 

Survey Incidence of severe jaundice Incidence of G-6-PD Relation of severe jaundice 
in G-6-PD deficiency deficiency from G-6-PD to all cases 

of severe jaundice 

% factor1 YO factor YO factor 

Alexandra 4.34 1 2.92 1 11 1 
Lesbos 43.0 10 4.93 1.7 17 1.6 
Rhodes 1 1.29 2.6 12.5 4.2 41 3.7 

Factor = number by which the value for the Alexandra survey should be multiplied to obtain the corresponding 
values of the other surveys. 

The G-6-PD-deficient infants, compared with the 
controls, showed lower hemoglobin values and higher 
reticulocyte counts and serum bilirubin values in both 
the cord blood and the 4th-day samples. The differ- 
ences in hemoglobin and serum bilirubin in cord blood 
were statistically significant. 

If the group of G-6-PD-deficient infants with no in- 
compatibility or low birth weight is divided according 
to the serum bilirubin value on the 4th day into two 
groups, those below (24 cases) and those above (9 
cases) 12 mg/100 ml, the latter group had significantly 
lower 4th-day hemoglobin values, indicating increased 
hemolysis. 

In  the two groups, the distribution of hemoglobin 
values in cord blood and 4th-day blood is shown in 
fig.2. In comparison with the control group, the G-6- 
PD-deficient infants showed a general shift of the 
distribution curve toward lower values. 

Additional Dzfferences in the Control Groups of Lisbos and 
Rhodes 

In  these surveys, there were significant differences 
in the incidence of severe neonatal jaundice (tables I 
and 11). There were also differences in the control 
groups of the two surveys (table IV). The values for 
hemoglobin in cord blood were higher in infants in the 
Lesbos survey, 16.28h0.74 g/100 ml, than they were 
in infants in the Rhodes survey, 15.361 1.36 g/100 ml 
(p 10.01). Similarly, higher values of hemoglobin 
were found in the infants in the Lesbos survey on the 
4th-5th day of life compared with values in infants in 
the Rhodes survey, 18.235 1.84 versus 16.651 1.37 
g/100 ml (p <0.001). No differences were observed in 
the reticulocyte counts. Higher values for serum bili- 
rubin were found in the Lesbos group both in the cord 
blood samples, 1.9 $0.75 versus 1.68 $0.42 mg/100 ml, 
and in the 4th-day samples, 9.43 f 4.34 versus 7.88f 
4.80 mg/100 ml (p c 0.05). 

Discussion 

This study confirms the importance of G-6-PD defi- 
ciency as a cause of severe neonatal jaundice and 
kernicterus in Greek newborns. In the three surveys, 
the severe jaundice that occurred without incompat- 
ibility or low birth weight was most frequent and most 
severe among G-6-PD-deficient infants. 

The association of G-6-PD deficiency and neonatal 
jaundice has been firmly established and the exact 
frequencies of severe jaundice have been recorded in 
large populations of randomly selected male newborns. 
Since most of the infants were delivered in hospitals or 
in private clinics and the drugs used prior to and during 
labor were recorded, it is unlikely that development of 
severe jaundice in the G-6-PD-deficient infants was 
the result of the presence of any known hemolytic agent. 

Other similar surveys, of Sardinian [24, 251, Chinese 
[5, 20, 381, and Turkish [27] newborns as well as of 
Thai and Chinese newborns of the Bangkok region [14], 
have shown that severe jaundice is associated with 
G-6-PD deficiency. Surveys of newborns in Northern 
Thailand [15], in Israel [29], and in American Negroes 
[22,37,39] have failed to demonstrate this association. 

From these and our own surveys it is evident that 
the risk of G-6-PD-deficient infants developing severe 
jaundice varies widely throughout the world. 

It is assumed that excessive hemolysis is the basis 
for the development of severe jaundice in these in- 
fants. In the present study, there was unequivocal 
evidence of hemolysis in many of the infants. Also, in 
the G-6-PD-deficient infants in Rhodes, those with 
serum bilirubin levels above 12 mg/100 ml at 4 days 
of age had significantly lower hemoglobin levels than 
did those whose serum bilirubin levels were below this 
value. In  individual cases, however, there was not al- 
ways a correlation between the degree of hyperbili- 
rubinemia and anemia [l 11. 
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This finding is shown by the two cases of kernicterus 
illustrated in fig. 1. Both had similar levels of serum 
bilirubin, yet hemoglobin values were 11.5 and 20 g/ 
100 ml, respectively. Nevertheless, the rate of rise of 
serum bilirubin leaves no doubt that even in the latter 
case excessive hemolysis was present. 

In comparison with normals, the G-6-PD-deficient 
infants showed lower values for hemoglobin and high- 
er values for serum bilirubin and reticulocyte counts 
even in cord blood. The differences in the hemoglobin 
values seem to have been due to a shift towards lower 
values of the whole group and not to a few values de- 
parting from the normal distribution. These findings 
suggest that an increased rate of hemolysis existed 
prenatally in the G-6-PD-deficient infants. This in- 
creased rate was sufficient to lower the hemoglobin 
and raise the serum bilirubin values of the whole group, 
but not enough to produce a significant reticulocyte 
response or frank anemia. BROWN and BOON [5] re- 
ported similar findings in G-6-PD-deficient infants 
mainly of Chinese origin. The appearance of jaundice 
in the first 24 h of life in some of the G-6-PD-deficient 
infants also points to a very early onset of hemolysis. 
Lu et al. [20] reached the same conclusion from the 
finding that the G-6-PD-deficient group had higher 
mean serum bilirubin values even on the 1st day of life. 
The lower hemoglobin values on the 4th day are also 
evidence for the presence of increased hemolysis. 

In the Rhodes survey, serum bilirubin values of the 
G-6-PD-deficient infants a t  4 days of age were higher 
than values in the normals, but the differences were 
not statistically significant. Similar studies among 
Chinese infants [5, 201 showed high serum bilirubin 
values in G-6-PD-deficient infants. This was true, but 
to a lesser degree, in the study of PANIZON and MELA 
[25]. I t  is evident that the variation in bilirubin values 
existing in any group of neonates prevents the differ- 
ences of the mean values from reaching statistically 
significant levels in some of the groups studied so far. 
However, the trend toward higher values in the G-6- 
PD-deficient infants cannot be ignored and indicates 
that G-6-PD deficiency increases the level of neonatal 
hyperbilirubinemia, a t  least among Greek, Chinese, 
and Sardinian infants. 

The mechanism of increased hemolysis should be 
considered. Erythrocytes deficient in G-6-PD activity 
have been found to have a shortened life span in the 
absence of any exogenous hemolytic agent in adults [3]. 
This enhanced hemolysis is usually fully compensated. 
I t  is quite possible that a similar shortening of the red 
cell life span cannot be fully compensated in fetal life, 
and thus hemoglobin values are slightly lower in cord 
blood. Moreover, the shorter life span of the G-6-PD- 
deficient red cell during the fetal and neonatal period 
may be even greater than in adults. Indeed, shortened 

life span of the red cells in normal full-term and even 
more in premature infants has been described [18,34] 
and has lately been attributed to a number of transient 
metabolic defects of the red cells [16, 231. 

At the present time, it is not known whether the 
group of G-6-PD-deficient infants was homogeneous 
and those infants exhibiting extreme hyperbilirubin- 
emia were simply within the upper tail of a normal 
distribution curve. We suspect that this small group 
with very high bilirubin levels was different, and it is in 
thisgroup that the secondgenetic factor, suspected from 
the family histories [13], may have been operating. 

If increased heinolysis in the whole group of G-6-PD- 
deficient infants is accepted, the differences in the 
frequency of severe jaundice observed in several ethnic 
groups and in our surveys, even between groups of the 
same ethnic origin, remains to be explained. In  this 
respect, one observation should be helpful. In Lesbos 
infants as well as in Chinese [4, 201 and in Malayan 
infants [4], neonatal hyperbilirubinemia was accen- 
tuated even among the normal infants. In three widely 
separated locations, Formosa, Singapore and Lesbos, 
the same phenomenon has been observed. In these 
areas, G-6-PD normal newborns generally had higher 
levels of serum bilirubin during the 1st week of life and 
even reached dangerous levels, necessitating exchange 
transfusion. In the same areas, the risk of severe jaun- 
dice among G-6-PD-deficient infants was found to be 
very high. In  these groups a factor exists which appears 
capable of producing hyperbilirubinemia in newborns. 
In combination with G-6-PD deficiency, this effect is 
accentuated. 

Thus, as we have previously postulated [33], there 
appears to be a relation between the general pattern 
of hyperbilirubinemia in the population and the fre- 
quency of severe jaundice in G-6-PD-deficient new- 
borns. This relation becomes apparent by considering 
our data in another way. In the three surveys, the , . 
relation between the incidence of severe jaundice 
among the G-6-PD-deficient newborns, the incidence 
of the G-6-PD deficiency itself, and the percentage of 
cases of severe jaundice from G-6-PD deficiency was 
examined (table V). From this table, it can be seen 
that the last variable closely parallels the frequency 
of the G-6-PD deficiency gene in the population, but 
not the frequency of severe jaundice occurring within 
the group of G-6-PD-deficient newborns. Jaundice in 
both normal newborns and in those deficient in G-6- 
PD was conditioned by a common factor, and a pro- 
portional rise was observed in both groups. The rela- 
tive importance of G-6-PD deficiency as a cause of 
neonatal jaundice was determined by the frequency 
of the G-6-PD deficiency gene. 

BROWN and BOON [4, 51, in an attempt to explain 
the higher bilirubin levels of Chinese and other Asian 



groups in comparison with levels in Europeans living 
in Singapore, considered genetic differences that might 
affect bilirubin metabolism or that herbs used in 
traditional Chinese medicine might have a hemolytic 
effect. The nature of the icterogenic factor affecting 
the population of Lesbos is uncertain. The results of 
analysis of the group with severe jaundice without 
incompatibility or G-6-PD deficiency are contradic- 
tory. The group as a whole had lower hemoglobin 
values than did the control group. Furthermore, the 
rapid rise in serum bilirubin and the appearance in 
some infants of jaundice during the first 24 h of life 
clearly indicate excessive hemolysis. In  contrast, those 
infants with the highest serum bilirubin levels had 
significantly higher hemoglobin values than the rest, 
indicating that increased hemolysis was not necessarily 
the only factor. 

Similarly, judged from the hemoglobin values, the 
difference between the incidence of severe jaundice in 
the G-6-PD-deficient group in Rhodes and that in 
Lesbos cannot be attributed solely to the higher rates 
of hemolysis in the Lesbos group. 

The present epidemiological studies, together with 
similar studies in Formosa and Singapore, have un- 
covered a previously unsuspected problem in the field 
of neonatal jaundice. Under the striking differences in 
the incidence of severe neonatal jaundice among the 
G-6-PD-deficient infants lay a more subtle and more 
intriguing difference in the degree of unspecified hyper- 
bilirubinemia among populations. Further study of 
this difference will greatly help in understanding the 
field of neonatal jaundice. 

Summary 

The incidence of glucose-6-phosphate dehydrogenase 
deficiency and severe jaundice was studied in the popu- 
lations of the islands of Lesbos and Rhodes. The results 
of these two surveys are compared with those of a 
previous survey, covering the general population of 
Greece. 

In all surveys, the incidence of severe jaundice was 
significantly higher in G-6-PD-deficient newborns. In 
the Lesbos survey, neonatal jaundice was much more 
frequent and more severe in both G-6-PD-deficient 
and in normal newborns than it was in these groups 
of infants in the other two surveys. The difference was 
due mainly to full-term newborns who developed 
severe jaundice without incompatibility. 

Determinations of levels of hemoglobin, serum bili- 
rubin, and reticulocyte counts in cord blood and in 
blood samples on the 4th day of life demonstrated that 
hyperbilirubinemia in the G-6-PD-deficient newborns 
was due to hemolysis already present a t  birth. 

Jaundice in G-6-PD normal full-term newborns 
without incompatibility, which was very frequent in 
the population of Lesbos, cannot be attributed with 
certainty to increased hemolysis. 

I t  is concluded that, as a group, G-6-PD-deficient 
newborns have an increased rate of hemolysis during 
both intrauterine and neonatal life, with a higher in- 
cidence of neonatal hyperbilirubinemia. In  popula- 
tions like that of Lesbos, the existence of an icterogenic 
factor in the population as a whole results in an even 
greater increase in hyperbilirubinemia in G-6-PD- 
deficient newborns. 
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