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Summary

To investigate the relationship between clinical phenotype, clot-
ting activity (FVllc) and FVII genotype, a multi-center study of
factor VII (FVII) congenital deficiency with centralized genotyp-
ing and specific functional assays was carried out. FVIl mutations
characterized in patients (n=313) were extremely heterogen-
eous (103 different, 22 novel). Clinical phenotypes ranged from
asymptomatic condition, including |5 homozygotes and 14
double heterozygotes, to patients with a severe disease char-
acterized by life-threatening and disabling symptoms (CNS, GI
bleeding and hemarthrosis) strongly associated with an early age
of presentation. Based on type and number of symptoms we
classified 90 'severe' (median FVllc 1.4%, IQR [Interquartile
Range] 0.9-3.8), 83 'moderate’ (FVIlc 3%, QR 1-21.7),and 140
'mild' bleeders (FVllc 14%, QR 3-31).The significantly different
FVlic levels, and the decreasing prevalence of homozygotes or
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double heterozygotes among severe (98%), moderate (84%) and
mild (56%) bleeders, further support our classification. The ex-
cess of females among moderate bleeders (female/male ratio
=2.6) is attributable to menorrhagia. There was no evidence for
modulation of clinical features by frequent functional polymor-
phisms. Homozygotes for the same mutation (Ala294Val;
[1125delC) with similar FVllc and FXa generation levels,
showed striking differences in clinical phenotypes. Our study de-
picts the ample clinical picture of this rare disorder, proposes a
severity classification and provides arguments for the early man-
agement of the disease in the severe cases. Genotype-pheno-
type relationships indicate the presence of major environment-
al and/or extragenic components modulating expressivity of
FVII deficiency.
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Introduction

Inherited FVII deficiency is the commonest of the rare congeni-
tal coagulation disorders with an estimated prevalence of the
symptomatic individuals of 1:500,000 (1). Numerous mutations
(http://europium.csc.mrc.ac.uk) (2) causing this autosomal re-
cessive disorder underlie considerable heterogeneity in genotype
and phenotype (i.e. FVIIc) (3). Indeed, clinical heterogeneity is a
feature of this haemorrhagic disorder, which ranges in severity

from lethal to mild, or even asymptomatic forms. FVII deficien-
cy is not believed to be associated with complete absence of
functional FVII and this fact accords with data from knock-out
mice studies, which suggest that a complete absence of FVII is
incompatible with life (4). The minimal FVII level able to inter-
act with tissue factor to prevent lethal bleeding in human subjects
has not yet been defined (5, 6).

Numerous publications, focusing on the molecular genetics,
FVII structure/function analysis and pathophysiology of FVII
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deficiency, have appeared in the literature (7) and are based on a
noteworthy series of patients (8—13). However, a comprehensive
approach, particularly one based on clinical issues and involving
a very large patient population, has not yet been forthcoming.
Hence, no systematic analyses on disease presentation and diag-
nosis are available and issues, such as the relationship between
gender and bleeding tendency, that are important in the context
of an autosomal disease, remain largely unsolved.

The absence of a systematic approach to classifying FVII
deficiency in groups phenotypically homogeneous has pre-
cluded the evaluation and comparison of treatments; this is
mainly attributable to the lack of a clear relationship between
factor clotting activity and bleeding phenotype (2). It is known
that FVII levels are modulated by FVII gene polymorphisms
(14), but their impact on the bleeding tendency awaits verifi-
cation (9). The availability of an integrated clinical and genetic
data set would provide the opportunity for evaluating the role of
molecular genetics to understand the clinical heterogeneity of
the disease. To fill this void, we carried out an extensive analysis
of 515 subjects with FVII activity from less than 1% up to 50%
of normal.

Methods

Patient enrollment

A total of 515 subjects (264 females [age range 1-90], 251 males
[age range 2-86]) were referred from 59 centers from Europe,
Asia, Australia-New Zealand and the Americas (see list of par-
ticipants in the Study Group) because a FVII deficiency (FVIIc
<50% and/or a causative mutation) was diagnosed. Of these, 202
subjects were asymptomatic and 313 symptomatic.

Initially, data collection was carried out with suited question-
naires which included the following items: FVIIc activity and
antigen levels; family history; dates of laboratory diagnosis;
dates of onset of bleeding and subsequent bleeding episodes (up
to 22 clinical variables). The initial database was then completed
to include data from DNA analyses, specific phenotypic assays
and missing clinical information. Attending physicians were

Table I: Symptoms by gender and presentation.

Males Females Prevalence as
Symptoms (*) n % patients | n % patients f;::e(%'?iz%g-
(n=139) (n=174)
Epistaxis 92 66.2 98 56.3 367
Easy bruising 60 432 83 477 7.9
Gum bleeding 36 25.9 59 339 48
Muscle hematoma 29 20.9 28 16.1 44
Hemarthrosis 30 21.6 28 16.1 4.4
Gl bleeding 20 144 24 138 4
Hematuria 17 122 9 52 1.3
CNS bleeding 9 6.5 8 46 44
Post-operative bleeding | 38 3041 40 29.8t 79
Menorrhagia / / 100 | 62.9% 15.6
*Only most frequent symptoms are reported. 1 Prevalence in surgical patients (& = 125; ¢ = [34).
f Frequency found in females aged > 0.4 (age of the first episode recorded in the database).
Abbreviations: CNS = central nervous system; Gl = gastrointestinal.

asked to fill in file blanks and individual subject files were
checked and validated. In total, the database comprises 41 pri-
mary and 18 derived variables/file-patient. Twenty-two files, not
suitable for the analysis, were discarded.

The research protocol was approved by the Review Board of
Palermo University (the original institution of GM) and by the
boards of each of the participating institutions. A common form
for the patient informed consent and study information was de-
veloped and used.

Genetic and coagulation studies
For all DNA samples available mutations in the FVII gene were
investigated by DNA sequencing of all coding regions, exon/in-
tron boundaries and the promoter region, according to pre-
viously described methods (12, 15).

FVIIc levels were assayed using a standard one-stage method
in the lab of each participating center (lowest detection limit
1%). High sensitivity thromboplastins (International Sensitivity
Index [ISI] close to 1, i.e. recombinant and human-derived
reagents) were employed for 82% of the sample assays. Rabbit
brain and bovine thromboplastins were also used to screen for
specific variants. FVII antigen (FVIIAg) was measured with a
commercial immunoenzymatic method (Asserachrom FVIIAg-
Stago, Asnieres, France) and results expressed as percentage of
pooled standard plasma.

The generation of activated factor X (FXa) in plasma, or
using the recombinant molecules, was estimated using the FXa
fluorogenic substrate, MeSO,-D-CHA-Gly-Arg-AMCAcOH
(American Diagnostica, CT, USA), as previously described (16).
Briefly, the reaction of FXa generation was initiated by adding an
excess (30 microL) of thromboplastin (Thromborel S) (Behring,
Marburg, Germany) to 50 microL of diluted plasma (1:20, 1:40,
1:80 in 20 mM HEPES, 150 mM NacCl, 0.1% PEG 8000, 5 mM
CaCl,, pH 7.4).The reaction was quenched with 30 microL 20
mM HEPES, 150 mM NacCl, 0.1% PEG 8000, 50 mM EDTA, pH
7.4 after incubation of 5 minutes at ambient temperature. FXa
fluorogenic substrate (MeSO2-D-CHA-Gly-Arg-AMCAcOH)
(American Diagnostica, Greenwich, CT) was added (200
microM), and fluorescence (360 nm excitation, 465 nm
emission) was measured on SpectraFluorPlus microplate reader
(Tecan, Salzburg, Austria).

rFVII in 2 nM conditioned medium was incubated 5 minutes
at 37°C with 1 nM human factor Xa (hFXa) (Sigma, St Louis,
MO) in 50 microL final volume. After addition of 30 microL
thromboplastin, FXa generation was started with 40 nM human
FX (Sigma). Reaction was quenched and fluorescence was
measured as described above.

The assays were standardized with dilutions of pooled nor-
mal plasma (PNP) or of recombinant wild-type (rWt) FVII. The
assay was calibrated using dilutions of pooled normal plasma or
wild-type recombinant FVII, respectively. At least three inde-
pendent sets of experiments were carried out for each assay.

Recombinant FVII expression

Recombinant FVII molecules were obtained (16) by transient
transfection of baby hamster kidney (BHK) cells with the ex-
pression vectors for the wild type-FVII and Ala294Val;
11125delC-FVII variant. The latter was created by site-directed
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mutagenesis (Stratagene, CA, USA) of the human FVII cDNA
cloned in pcDNA3.1, using the following oligonucleotides:
5’CCGTGGCGCCACGGTCCTGGAGCCATG- G-3° and
5’GGAGTCCTCCTGCGAGCCCATTTCCCTAGC-
CCAGC3’. Transfections were performed using the LipofectA-
mine 2000 Reagent (Life Technologies, ME, USA).

Statistical methods

Descriptive statistics for ordinal and counting variables were
used (median, range and interquartile range -IQR). Since dis-
tributions were not normal, non-parametric statistical analyses
were used (17, 18): for the skewed distribution, non-parametric
Wilcoxon test and ¥ test (association and homogeneity) were
used, and for n > 2 groups Kruskal-Wallis one-way analysis of
variance with post-hoc pair-wise comparisons (Dunn’s test) were
performed (18). Odds Ratio (OR) with (1-a%) Confidence In-
terval (CI) were used to estimate bleeding risk. Multivariate re-
gression analysis (ordinal proportional odds logistic regression
models) was performed to assess the significance of variables
after a backward selection (19). P-value (p) <0.05 was consider-

Table 2: Proposed severity classification for FVII deficiency.

Class of Severity Clinical Phenotype

Severe CNS bleeding and/or Gl bleeding and/or Hemarthrosis

with or without other bleeding symptoms (Table )

Moderate Three or more symptoms (Table |)

(Gl bleeding, CNS bleeding or Hemarthrosis excluded)

Mild One or two symptoms (Table I)
(Gl bleeding, CNS bleeding or Hemarthrosis excluded)

ed statistically significant. All analyses were carried out using
the statistical packages SAS 8.12 and S-PLUS 2000.

Results

Symptoms and disease presentation

We observed an excess of symptomatic females (n=174/313,
56%) as compared to males (n=139/313, 44%). The distribution
of symptoms for gender in patients with FVII deficiency is
shown in Table 1.
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Figure |: Ranking of symptoms by age at presentation. Gray area in the Box and Whisker plot comprises 50% of cases (25th-75th percen-
tiles). x = median values of age; caps denote extreme values. The values under the boxes denote median FVllc values and (ClI).
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Age at symptom onset was compared with age at laboratory
diagnosis in the 209 patients for whom both time points were
available. In 50.5% of subjects, diagnosis of FVII deficiency was
made at the same time or within 6 months of symptom onset. The
median age of symptom onset (7.2 y) was different from that at
diagnosis (11.6 y; p<0.0001).

The most frequent presenting symptoms, as recorded in at
least 10 patients, were ranked in order of median age at presenta-
tion (Fig. 1). Comparison of the median age at presentation for
specific symptoms yielded a statistically significant difference
(x*=26.6,p=0.0004). In particular, median age of patients pres-
enting with either central nervous system (CNS) or gastrointes-
tinal (GI) bleeds were lower (post hoc Dunn’s test) than those of
patients presenting with bleeds in other sites, with the exception
of hemarthrosis.

Classification of clinical phenotypes

In hemophilia A and B a reliable classification of severity can be
obtained by plasma factor VIII or IX activity levels. We found,
instead, that 24 subjects with FVIIc levels below 2% (tested with
human or recombinant thromboplastins in 18 and with rabbit
thromboplastin in 6 subjects) were either asymptomatic or had a
very mild phenotype. By contrast 16 subjects with FVIIc levels
above 5% , most of them (70%) tested with human or recom-
binant thromboplastins, were affected by severe symptoms (GI
in 10, hemarthrosis in 8 and CNS in 1).

These observations lead us to propose a clinical classifi-
cation based on the results reported in Figure 1. Based on quality
and number of symptoms, patients were classified as reported in
Table 2.

Features of classified patients and their differences are re-
ported in Table 3. Patient allocation to severity classes was not
dependent on age at enrollment (p=0.2 at logistic regression [or-
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Figure 2: Mutational spectrum. Gray, horizontal bars denote promoter and cDNA segments. Novel mutations are indicated above the bars. Iden-
tity and absolute frequencies of mutations detected in more than 5 alleles are reported under the bars; underlined: mutations occurring in CpG sites.
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Table 3: Relation of clinical phenotypes with FVllc and zygosity.

Table 4: Genotype, clinical presentation and FVII levels in
homozygotes.

dinal response model], with age [at enrollment] as independent
variable).

Genotype-phenotype relationship

Mutations of the FVII gene were characterized in 313 subjects.
Three additional subjects with FVIIc levels of 50% and no cau-
sative mutation detected were homozygous for common poly-
morphisms already known to be associated with decreased FVII
levels. In 12 further subjects, no mutation was found. In total, we
detected 103 different mutations. In Figure 2 we report the gene
distribution and prevalence of changes, including the 22 mu-
tations detected among 10% of patients, which, to the best of our
knowledge, have not been previously reported to the FVII mu-
tation database (http://europium.csc.mrc.ac.uk) or described in
other recent publications. Missense mutations were the most fre-
quent and occurred in 248 subjects (73%), whereas splicing-site,
nonsense and small deletion (<17 nucleotides) causing frames-
hift mutations were found in 25, 12 and 10 individuals, respect-
ively. A frequent allele bearing a double change, the missense
Ala294Val mutation and a single nucleotide deletion,
11125delC, occurred in 68 subjects. Twenty-one mutations each
occurred in at least 5 patients and, amongst these, 8 were located
in CpG sequences (Fig. 2), known to be ‘hot spot’ mutation sites.
Among the genotyped subjects, 98 (30.9%), 91 (28.7%) and 128
(40.4%) were homozygous, double heterozygous and heterozy-
gous for FVII mutations, respectively. All the severe patients
but one resulted either homozygotes or double heterozygotes

Phenotype (n) FVlic (%) Zygosity™ (n; %) Mutation N FVIIAg% Phenotype (FVlic %)
Male/female Median (IQR) B homozygotes Median #
[ double heterozygotes (Range) Asympto- | Mild Moderate| Severe
[J hererozygotes matic
Severe (90) 1.4 152% A294V; 24 | 19(14) 2(1,3) 7(1-1.6) | 11(<1-3) | 4(1-1.9)
45145 (1-3.8) 11125delC
A294V 8 48 (37-98) 4 (6-25) 24,8 1(6) 1 (3)
R304Q 8 118 (72-240) | 3(2-24) 4(<1-37) | 1(2)
C3I0F 6 985 (80-129) | I (<I) 2(<1,4) | () 2 (<, <)
T359M 4 12(1-2) 3 (<1-5) I (1.9)
QI00R 4 16 (10-18) 1 (<1) 3(<I-<1)
IVS7+5g>a 4 I (1-1) 1(2) 3(1-19)
Moderate (83) 33
23/60 (1217) G331S 3 Na. 3(<I-<1)
E94L 2 N.a 2(1321)
A244V 2 4,7 1(7) I (34)
1V$2+g3933c | 2 13,13 2(2,2)
R277C 2 12° I (6) I (<1)
G283§ 2 Na. 2(25,7)
Mild (140) 4 H348Q 2 [ Na 1) 1)
71169 (3-31) $3631 2 | 80,130 2 (<1.<1)
W364C 2 77,132 2(<1,6)
Mutations found in at least 2 subjects are reported. Mutations found in asymptomatic homozygotes
only are not listed. N, Number of homozygotes. FVIic levels (range) are indicated in parenthesis.
Abbreviations: N.a.=not available. #Values reported only for n=. *Only one value available.
*y2 for distribution of genotypes among classes of severity: 34.9 (p<0.0001). Moderate and mild bleeders
also differed (p=0.002). All severity groups showed significantly (Kruskal-Wallis test p<0.0001 o =5%) dif- : s .
ferent PVl median levels, for mutations (Table 3). A similar proportion of homozygotes

and double heterozygotes was observed among the affected
patients (Table 3) with a similar age at disease presentation
(data not shown). The same was true for the other classes of se-
verity.

Carriership of the M2 allele (353GlIn), known to be associ-
ated with low FVIIc levels (14, 20) was similar in symptomatic
(73%) and asymptomatic (69%) patients with FVII deficiency,
and particularly among asymptomatic (70%) and symptomatic
(79%) heterozygotes.

The influence of the M2 allele on FVIIc levels was apparent
only in asymptomatic subjects: FVIIc median levels in homozy-
gotes or doubly heterozygotes were 6% (M2-carriers) and 11.4%
(non carriers, p < 0.05). Similarly, asymptomatic heterozygotes
had levels of 37% (M2-carriers) and 47% (p < 0.001).

Table 5: FXa generation in homozygotes for the A294V;
1 1125delC mutation.

A294V;11125delC Degree of severity | FVlic FXa generation
homozygotes (% PNP) (% PNP)

A Moderate <l 02+£0.1

B Mild 12 02£0.1

C Severe 1.8 02£0.1

D Mild 1.0 0.1 £0.1
Recombinant / / 03+02*%
A294V;11125delC-FVII

* % of wild type-FVII. Abbreviations: FXa = factor Xa; FVII = factor VII; FVllc = factor VIl clotting ac-
tivity; PNP =pooled normal plasma.
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Multivariate analysis (sex, zigosity status, FVIIc and FVII
antigen and all their two ways interaction), carried out in the 313
symptomatic subjects revealed the following independent vari-
ables to be significantly associated with bleeding severity: FVIIc
(coefficient—0.0474, p=0.03), and FVII gene zygosity (homozy-
gotes and double heterozygotes vs. heterozygotes, coefficient
1.16, p=0.018).

Whereas double heterozygotes (n=91, 14 asymptomatic and
77 symptomatic) were characterized by an extreme mutational
heterogeneity and by rare combinations, which hampered an in-
formative genotype-phenotype analysis, homozygotes were use-
ful for this purpose.

Our study provides information on 98 subjects (15 asympto-
matic and 83 symptomatic) homozygous for 36 different mu-
tations. Twenty-seven patients were classified as mild, 26 as
moderate, and 30 as severe bleeders. The phenotypic features of
homozygotes grouped for identical FVII gene mutations that
were present in at least 2 patients are provided in Table 4. Fre-
quent  mutations  (Ala294Val,  Ala294Val;11125delC,
Cys310Phe) were associated with all clinical classes of severity
and neither FVIIc levels (Table 4) nor gender or age provided an
explanation for this heterogeneity. Some heterogeneity in clot-
ting activity is explained by the use of different thromboplastins,
for instance in Arg304Gln homozygotes (Table 4), tested with
human and/or rabbit thromboplastins. However, plasma from pa-
tients homozygous for the Ala294Val;11125delC, Ala294Val
and Cys310Phe mutations, the most frequent changes (Table 4),
were all tested with human (placenta) or recombinant thrombo-
plastins.

When an extrinsic FXa generation assay was performed
using plasma samples drawn from 4 patients carrying the same
Ala294Val;11125delC mutation and belonging to different se-
verity classes (Table 5), no differences were found. The very low
but detectable level of FXa generation observed in plasma was
confirmed by the expression of recombinant Ala294Val;
11125delC-FVII, obtained through mutagenesis: this recom-
binant mutant showed a very reduced residual activity level
(0.3% of Wt-FVII).

Discussion

While several case series of severe FVII deficiency have been
previously reported, this paper is the first to analyze a virtually
complete clinical spectrum of this polymorphic disease.

We have also characterized the underlying FVII gene lesions
in a large number of cases and found a remarkable number of
previously unreported mutations. Throughout our analysis, ge-
notype and zygosity information have been used as a working
tool to extract distinct clinical phenotype information.

Multivariate analysis indicates that clotting and clinical phe-
notypes of double heterozygotes and homozygotes are virtually
indistinguishable and that the vast majority of them (85%) are
symptomatic.

Our analysis revealed that the most common bleeding symp-
toms in FVII deficient patients are mild (i.e. hemorrhages of the
mucous membranes and skin) (Table 1) and that epistaxis is by
far the most frequent presenting symptom. Life-threatening
bleeds (CNS or GI, 20% of patients) are distinguished from the

other bleeds by their early presentation (Fig. 1) and are associa-
ted with lower FVIIc levels; in detail, they occur most frequently
(65% and 70% of the cases) during the first 6 months of life. In
newborn patients (< 1 month), symptoms, ranked for frequency,
were CNS, GI, cephal-hematoma and umbilical bleeding.

Hemarthrosis in FVII-deficient patients is clinically indistin-
guishable from that occurring in classical hemophilia, although
much rarer and not gender-related. We found hemarthrosis to be
most prevalent when children started to crawl or walk: 70% of
FVII-deficient patients presenting with joint bleeds were less
than 5 years of age. The very low FVIIc levels (median 1%, range
0.9-3%) found in patients with recurrent joint bleeds further
support the importance of this symptom as a marker of severity.

Autosomally inherited diseases offer the opportunity to study
the effect of gender on the clinical phenotype. We found a higher
prevalence of females among symptomatic subjects (Table 1,
Fig. 1) and in particular among moderate bleeders (Table 3):
much of the excess of bleeding tendency can be attributed to
menorrhagia, the most frequent symptom in this gender and,
though to a lesser extent, to gum bleeding and easy bruising
(Table 1). In FVII deficient females with both genes affected, the
prevalence of menorrhagia was 60%, a value similar to that re-
ported for female patients with von Willebrand Disease type 11
(69%, [21]; 65%, [22]) or factor XI deficiency (67%, [22]). This
suggests that FVII deficiency should be considered as a deter-
minant of menorrhagia, especially in the context of a negative
pelvic examination finding. Therefore, when invasive procedur-
es are planned in women with excessive genital blood losses, a
hemostatic screening should be carried out (an isolated pro-
thrombin time is likely to detect the deficiency).

Classification of patients according to clinical severity
would allow for grouping of patients with similar bleeding risk
so that therapeutic strategies can be assessed and improved.
While in hemophilia classification of severity can be reliably de-
termined by FVIII or FIX levels, our analysis indicates that FVII
levels are significant determinants of the degree of severity but
cannot be used to create useful cut-off values for clinical pur-
poses. Indeed, a cut-off value (FVIIc 7.44%) was recently (23)
proposed, based on 11 severe patients. The use of this cut-off in
our sample size would be poorly informative.

Because of this, we have set up an empiric classification
based on the early presentation of the life-threatening and crip-
pling symptoms (Table 2). This approach provides a qualitative
distinction between ‘severe’ patients and the other patients, who
were further classified by the number of “less severe” symptoms.
Median FVIIc values, significantly different between mild and
moderate bleeders (Table 3), and patient’s zygosity further sup-
port our classification. The earliness of presentation in severely
affected patients provides an important argument in favour of an
early management of the disease, prophylaxis included.

We found that FVII gene polymorphisms, known to lower
FVII levels in normals (14), contribute significantly to the levels
in the asymptomatic subjects but not in the symptomatic ones.
Although these polymorphisms could contribute to clinical het-
erogeneity, we were unable to detect their influence in clinical
phenotypes, which suggests a major clinical impact be played by
the severe gene lesions and environmental factors.
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The variability in bleeding phenotypes among homozygotes
for identical mutations emphasizes the clinical heterogeneity of
this disorder. To better understand the genotype/phenotype rela-
tionship we performed a more careful evaluation of the clotting
activity through a FXa generation assay using a fluorogenic sub-
strate; this sensitive method provided evidence for a substantial
degree of functional homogeneity among the Ala294Val;
11125delC homozygotes, despite their differences in clinical
phenotypes. Neither plasma assays nor age and gender were able

to explain clinical differences in subjects selected for the pres-
ence of identical, homozygous mutations in FVII gene (Tabs 3
and 4). The array of phenotypes in patients homozygous for the
same mutation and even for FVII haplotypes (FH and FB, unpub-
lished results), still remains unexplained. These observations
point toward the existence of environmental factors and/or of
extra-genic (non-FVII gene) components with the capacity of
modifying the function of the clotting process and the express-
ivity of FVII deficiency.
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Barro, Grenoble, France; A. Batorova, Bratislava, Slovack Republic; F.
Baudo, Milano, Italy; K. Bergmann, Eisenach, Germany; F. Bernardi, D.
Etro, Ferrara, Italy; E. Berntorp, J. Astermark, Malmd, Sweden; A.
Chuansumrit, Bangkok, Thailand; N. de Bosch, A. Saez, Caracas, Vene-
zuela; P. De Moerloose, Geneve, Switzerland; D. Di Michele, New York,
NY; R. D' Oiron, Paris, France; S. Eber, Zurich, Switzerland; B. Eifrig,
F. Bergmann, G. Marx, N. Muenchow, Hamburg, Germany; R. Eisert,
M. Barthels, Hannover, Germany; K. Fukutake, Tokyo, Japan; A. Ghir-
arduzzi, Reggio Emilia, Italy; M. Grundeis, Chemnitz, Germany; C R M
Hay, Manchester, United Kingdom; D. C. Heaton, Christchurch, New
Zealand; Ch. Heinrichs, Berlin, Germany; M. Heinrichs, Bergen,
Germany; F. Hermann, K. Wulff, Greifswald, Germany; P. lannaccaro,
Catanzaro, Italy; J. Ingerslev, Skejby, Denmark; H. Irsfeld, Diisseldorf,
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