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with clinical signs, possibly underestimating the presence of IRE
mutations with low penetrance. Nevertheless, our data on
16,162 subjects suggest that HHCS is a relatively rare condition,
even in the setting of selected ophthalmological and/or hyper-
ferritinemic patients.

Claudia Bozzini,* Silvia Galbiati,° Elisa Tinazzi,*
Raffaella Aldigeri,# Giovanna De Matteis,@ Domenico Girelli

*Department of Clinical and Experimental Medicine,
University of Verona, °Unit of Genomics for Diagnosis of

Human Pathologies, IRCCS H. San Raffaele, Milan,
#Department of Ophthalmology, University of Parma,

@Institute of Clinical Chemistry, University of Verona, Italy
Key words: hereditary hyperferritinemia cataract syndrome,
ferritin, iron.
Funding: supported by Telethon Italy, grant no. E.749.
Correspondence: Domenico Girelli, MD, PhD, Department of
Clinical and Experimental Medicine, Policlinico G.B.Rossi,
37134 Verona, Italy. Phone: international +39.045.8074403.
Fax: international +39.045.580111.
E-mail: domenico.girelli@univr.it

Manuscript processing
This manuscript was peer-reviewed by two external refer-

ees and by Professor Mario Cazzola, Editor-in-Chief. The final
decision to accept this paper for publication was taken joint-
ly by Professor Cazzola and the Editors. Manuscript received
August 14, 2002; accepted January 2, 2003.

References

1. Girelli D, Olivieri O, De Franceschi L, Corrocher R, Bergamaschi
G, Cazzola M. A linkage between hereditary hyperferritinaemia
not related to iron overload and autosomal dominant con-
genital cataract. Br J Haematol 1995;90:931-4.

2. Bonneau D, Winter-Fuseau I, Loiseau MN, Amati P, Berthier M,
Oriot D, et al. Bilateral cataract and high serum ferritin: a new
dominant genetic disorder? J Med Genet 1995;32:779-9.

3. Klausner RD, Rouault TA, Hardford JB. Regulating the fate of
mRNA: the control of cellular iron metabolism. Cell 1993;
72:19-28.

4. Cazzola M, Skoda RC. Translational pathophysiology: a novel
molecular mechanism of human disease. Blood 2001;95:
3280-8.

5. Girelli D, Bozzini C, Zecchina G, Tinazzi E, Bosio S, Piperno A,
et al. Clinical, biochemical and molecular findings in a series
of families with hereditary hyperferritinaemia-cataract syn-
drome. Br J Haematol 2001;115:334-40.

6. Cazzola M, Bergamaschi G, Tonon L, Arbustini E, Grasso M,
Vercesi E, et al. Hereditary hyperferritinaemia-cataract syn-
drome: relationship between phenotypes and specific muta-
tions in the iron responsive element of ferritin light-chain
mRNA. Blood 1997;90:814-21.

7. Hammond CJ, Snieder H, Spector TD, Gilbert CE. Genetic and
environmental factors in age-related nuclear cataracts in
monozygotic and dizygotic twins. N Engl J Med 2000;342:
1786-90.

8. Cremonesi L, Fumagalli A, Soriani N, Ferrari M, Levi S, Belloli
S, et al. Double-gradient denaturing gradient gel electro-
phoresis assay for identification of L-ferritin iron-responsive
element mutations responsible for hereditary-hyperferritine-
mia-cataract syndrome: identification of the new mutation
C14G. Clin Chem 2001;47:491-7.

9. Ionides A, Francis P, Berry V, Mackay D, Bhattacharya S, Shiels
A, et al. Clinical and genetic heterogeneity in autosomal dom-
inant cataract. Br J Ophthalmol 1999; 83:802-8.

10. Rosochova J, Kapetanios A, Pournaras C, Vadas L, Samii K, Beris
P. Hereditary hyperferritinemia cataract syndrome: does it exist
in Switzerland? Schweiz Med Wochenschr 2000;130: 324-8.

Risk factors for hyperbilirubinemia and gallstones in
Chinese patients with β thalassemia syndrome

We studied the relationship between jaundice and gall-
stones and Gilbert alleles (Gly71Arg: 27.8% and (TA)7:
19.6%) in 94 Chinese patients with thalassemia major (TM)
and 33 with thalassemia intermedia (TI). Determinants of
bilirubin level included age, transfusion (TI>TM) and genet-
ic profile (ααα/β0 > β+/β0 in TI, β+/β0 > β0/β0 in adult TM,
Gilbert homozygotes > others in TM and TI, Gilbert het-
erozygotes > wild type in TM). Determinants of gallstones
(39%) included age, TI and Gilbert alleles. We conclude that
the finding of unusually high bilirubin may indicate either
homozygous Gilbert genotype or hemolytic thalassemia
genotypes.
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Gilbert’s syndrome is caused by recessive alleles for uridine
diphosphate-glucuronosyl transferase 1 (UGT1*1) enzyme. It is
a reported cause of jaundice and gallstones in thalassemia
patients.1,2 Published studies, however, involved patients with
relatively homogeneous Gilbert alleles e.g. (TA)7 and β tha-
lassemia genes e.g. 39 C/T and HbE mutations. The situation
in the Southern Chinese population is complicated by hetero-
geneous β gene defects, α thalassemia co-inheritance, and
multiple Gilbert alleles, mainly (TA)7 and Gly71Arg substitu-
tion.3 We revisited the Gilbert/thalassemia interaction in 127
Chinese with clinically defined thalassemia major (TM, n=94)
and thalassemia intermedia (TI, n=33) syndromes.4 Mean
unconjugated bilirubin levels were measured. Molecular meth-
ods were used to define the thalassemia gene defect,4, 5 and
to detect the two common Chinese Gilbert alleles (Figure 1).3

The TI cases were heterogeneous (9 HbE/β0, 7 β0/ααα, 3
β0+unknown defect, 4β+/β+,10 β+/β0), while the TM cases
included 63 β+/β+ and 31 β+/β0 cases.4 The (TA)7 and Gly71Arg
alleles were found in 25 (19.6%, 2 homozygous) and 34 cases
(26.8%, 6 homozygous), respectively, with 3 double heterozy-
gotes. The median age of patients with TI was higher than that
of the patients with TM (32.6 vs 20.0 years; p<0.001), but there
was no difference in the incidence of Gilbert alleles (p=0.684).
For all patients, serum bilirubin levels increased with age
(p<0.001). The median bilirubin level was higher among TI cas-
es than among TM ones (p<0.001). Patients carrying Gilbert
alleles had higher bilirubin levels (p=0.027); this effect was
mainly contributed by homozygotes and double heterozygotes
(p=0.002). The heterozygote effect was evident only in less
jaundiced TM cases (p=0.022), but not in TI cases (p=0.68).
Apart from Gilbert alleles, the thalassemia genotype was also
significant. Higher bilirubin levels were found in β+/β0 adult TM
cases (p=0.047) and β0/ααα TI cases (p=0.021). Neither the
transfusion frequency nor baseline hemoglobin significantly
affected bilirubin levels. Gallstones were found by ultrasound
or magnetic resonance imaging in 26 of 78 studied patients
(median age 23, range 5-66 years), while 8 patients had already
surgical stone removal. The prevalence of gallstones increased
with age (p<0.001), TM (p=0.002), bilirubin level (p<0.001) and
Gilbert genotype (p=0.003). On multivariate analysis, signifi-
cant predictive factors of bilirubin level included age (p=0.001),
Gilbert genotype (p=0.003) and TI (p<0.001). However, only
age (p<0.001) and Gilbert genotype (p=0.002) were important
gallstone determinants, and the importance of bilirubin level
was lost (p=0.052).

Both bilirubin production (hemolysis) and clearance (glu-
curonidation) are genetically determined in thalassemia
patients.1,2,6 Defective glucuronidation in carriers of Gilbert
alleles is known to aggravate jaundice in all hemolytic ane-
mias, including thalassaemia, G6PD deficiency7 and spherocy-
tosis.8 The genotype-phenotype relationship in thalassemia is
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complex and worldwide allelic variations means that global
data are needed. This is the first study of Gilbert interactions
in Chinese thalassemics, and the first to involve multiple
Gilbert alleles and a mixture of β+ β0 and α mutations. The
incidence of Gilbert alleles was within a previously reported
range in Chinese3 and we did not confirm an increased inci-
dence of Gilbert alleles in TI cases.6 We showed that patients
homozygous and double heterozyogous for Gilbert alleles had
a doubling of bilirubin levels. Heterozygosity for Gilbert alle-
les also gave a median increase of 10mmol in the bilirubin
level in patients with TM, but the effect was diluted out by
higher median bilirubin levels in TI cases. Occasional unex-
plained cases of jaundice may harbor rare UGT1-A1 mutations
(e.g. Pro229Gln, Tyr486Asp, Pro364Leu), which occur in 2% of
the Chinese population.3 Furthermore, we showed that the tha-
lassemia genotype, governing the rate of hemolysis, is also
important. The higher bilirubin levels in TI cases are obviously
expected. Interestingly however, TM cases with β+/β0 genotype4

and TI cases with β0/ααα genotype (both unique to Southern
Chinese)5 are associated with increased jaundice. This suggests
that the absolute amount of a chain production, rather than the
α/β ratio, may be more important in determining hemolysis.
Finally, we investigated the determinants of gallstones and their
relation with jaundice in Chinese thalassemia patients. The
prevalence of gallstones in our study was 33%, compared with
20-57% in Italian and Sri Lankan studies.2,9 This difference may
be partly explained by dietary, social and climatic factors. We
showed for the first time that apart from age, the Gilbert allele
is the only significant predictor of gallstone prevalence. It
remains to be seen whether enzyme-inducing drugs10 could
have a future role in ameliorating jaundice and preventing gall-
stones in susceptible patients.
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Figure 1A (above). PCR amplified UGT1*1 exon-1 (35
cycles, denaturation 94°C ×  30s, annealing 53°C ×  30s,
extension 72°C ×60s, 5-TGA CGC CTC GTT GTA CAT CAG
AGC C-3, 5-TCA CAC GCT GCA GGA AAG AA-3) was digest-
ed with Msp1 restriction enzyme (1 mg PCR mix+5U MspI
at 37°C ×16 h). Abolition of the cleavage site results in an
uncleaved 143bp product in Gly71Arg carriers, while wild
type DNA is cleaved into 119bp and 24bp fragments. W:
wild type; h: heterozygote; H: homozygote. 
Figure 1B (right). PCR amplified 5’ promoter region (same
conditions, 5-GAG GTT CTG GAA GTA CTT TGC-3, 5-CCA
AGC ATG CTC AGC CAG-3) and sequenced directly to iden-
tify wild type (TA)6, and homozygous and heterozygous (TA)7

repeat (left to right).
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Partial splenectomy in children with sickle cell disease

Partial splenectomy was performed in 50 patients with
sickle cell disease and acute splenic sequestration. Follow-
up after surgery ranged from 2 to 14 years. During this
period no recurrence of splenic sequestration crisis occurred
and the quality of life of these children has improved.
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Acute splenic sequestration (ASS) is a well recognized com-
plication in children with sickle cell disease (SCD) under 5 years
old and a significant cause of morbidity and mortality.1,2 The
classical treatment of this crisis is total splenectomy but this
procedure often carries the risk of fulminant septicemia.3 For
this reason we performed elective partial splenectomy in SCD
patients with more than one episode of ASS.

We report the follow-up on the 50 children (Hb SS 34 and
HbS/βthal 7) with SCD who underwent partial splenectomy.
All had experienced more than one episode of ASS, defined as
a fall in the hemoglobin (Hb) level of more than 2 g/dL from
the baseline concentration, associated with an enlarged spleen
and evidence of bone marrow erythroid activity.1 Partial
splenectomy was performed using a previously described tech-
nique.4 Hematologic data were obtained in steady state

according to standard methods.
To measure the functional capacity of the spleen, the per-

centage of pitted red cells was determined by the method of
Pearson.5 Splenic function was also evaluated by radionuclide
scan with 99Tc sulfur colloid. Student t test was used to com-
pare clinical and hematological data before and after splenec-
tomy. After the operation the children were followed at our
clinic at intervals of one-to-three months. No prophylaxis was
given prior to January 1989. Afterwards oral penicillin was
given to all patients for 3 years after the operation. Pneumo-
coccal vaccine was not used. The median age at the time of
surgery was 3 years (1-9) and the median and mean duration
of follow-up were 9 years (range 2-14), and 8.3 years (SD±3.7).

Immediate postoperative morbidity was limited to fever of
unknown origin in 10 patients, wound infections in 5 and
pneumonia in 3 children.  No episode of ASS has been observed
during the post-surgical follow-up. There was a significant
reduction in requirements for blood transfusions and a
decrease in the number of hospitalizations (Table 1). No
patient died during the post-surgical follow-up. One patient
developed overwhelming septicemia.6 Hematologic data before
and after surgery are shown in Table 2. The mean hemoglobin
concentration and platelet counts were significantly increased
after surgery. 

There was not significant difference in the percentage of
pitted red cells before and after the operation. The postoper-
ative spleen scans showed the presence of the splenic remnant
in 13 of 20 children. Total splenectomy exposes the patient to
the threat of overwhelming septicemia.3 The incidence of this
complication is higher in younger children with SCD (those
less than five years of age) and reported to be about 7% with
high mortality.7 Our data show that preservation of a part of
the spleen can provide protection against serious infections.
Although in SCD there is a splenic dysfunction it is reasonable
not to perform total splenectomy because reticuloendothelial
activity persists, as demonstrated by the return of splenic func-
tion to normal by transfusion not only in young children5 but
also in adults.8 Pitted red cell counts are a reliable marker for
splenic function. The mean pitted red cell count in our patients

Table 1. Clinical events in patients with SCD who had par-
tial splenectomy.

Before surgery After surgery
Mean SD Mean SD p

Events

Hospitalizations 5.77 3.63 3.07 3.21 0.01
Transfusions 6.25 4.39 0.60 1.12 0.01
Infections 1.65 2.25 0.98 1.75 0.13

Table 2. Hematologic parameters in patients with SCD who
had a partial splenectomy.

Before surgery After surgery
N. patients mean SD N. patients mean SD P

Tests

Hemoglobin (g/dL) 49 6.0 1.3 50 7.7 2.0 0.01
Reticulocytes (%) 49 138.6 88.8 47 129.3 74.3 0.39
Leukocytes (109/L) 50 13.7 1.5 50 12.8 3.3 0.59
Platelets (109/L) 50 228.0 105.6 50 408.5 146.5 0.01
Pitted red cells (%) 20 4.9 1.7 33 3.7 2.9 0.07




