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Introduction

The information based on viral hepatitis has exploded
during the past several years. In particular advances in mo-
lecular biology have widened our knowledge of hepatitis B
and provided the first glimpses of an agent responsible for
post-transfusion hepatitis.

Mainly five distinct viruses that cause viral hepatitis are
currently recognized (hepatitis A, B, C, D) and E viruses).
Recent changes in the nomenclature contribute to the diffi-
culty in keeping pace with developments concerning this
group of viruses (Kmsta <, 1993). Hepatitis A virus (HAV)
and hepatitis B virus (HBV) have indeed retained their orig-
inal names. The agent that causes post-transfusion non-A
non-B hepatitis has been designated hepatitis C virus (HCV).
The hepatitis delta virus, found only in patients with
hepatitis B is known currently as hepatitis ID virus (HDV).
The agent causing epidemic non-A non-B hepatitis has been
named hepatitis E virus (HEV).

All five viruses cause illnesses that cannot be distin-
guished on the basis of clinical findigs or results of physi-

cal examination, liver function tests or histologic study of

liver biopsy specimens. By large serologic testing currently

Abbreviations: aa = amino acid; Ag = antigen; ALT = alanine
aminotransferase; anti- = antibody (against); CEP = counterelec-
trophoresis; CP = complement fixation; EIA = enzyme-immu-
noassay; ELISA = enzyme-linked immunosorbent ¢ "”ly; HAV ==
hepatitis A virus, HBV = hepatitis B virus; HCV = hepatitis C
virus: HDV == hcpat[lm D virus; HEV = hepatitis E virus;
IAHA = immune adherence hncnmgg]ut’irmt‘i(m; [EM = immuno-
clectron microscopy; IF = immunofluorescence; [P = immunoper-
oxidase; ISTA = inl‘cgmting s;phcw turbidimetric assay;
'J\diwixmmoasmy;

seription

available for each type, except HEV, appears to be the main-
stay and of great benefit in diagnosis. The current status,
methods and future prospects of diagnosis of each type of
viral hepatitis is discussed in this review.

Diagnosis of HAV infection

The cultivation in virro of HAV and the subsequent de-
velopment of immunoassays for the detection of anti-
HAV IgM led to an easily performable approach to the rap-
id diagnosis of HAV infection from a single serum sample
obtained any time during the acute illness or even during
carly convalescence. Molecular cloning of the HAV genome
(Ticehurst ef al, 1983; Baroudy ef al,, 1985) has yiclded
cDNA probes for use in the detection of HAV-RNA by ¢D-
NA-RNA hybridization. The currently available diagnostic
tests for HAV infection are discussed below.

Rapid viral diagnosis

[n vitro test In experimental animals to identify HAV
antigen and antibody, and first- and second-generation in
vitro tests (complement-fixation (CF), immune adherence
haemagglutination (IAHA) contributed to rapid progress in
HAV infection research during the last decade or so. How-
ever, third-generation radio-immunoassays (RIA) and en-
zyme-immunoassay (EIA) of high sensitivity and specifici-
ty have in fact effectively replaced them. These techniques
could be utilized to detect HAV in clinical specimens and to
monitor the presence of HAV during purification orin vitro
cu[tivarion to detect the presence of total antibody against

HAV (anti-HAV) for seroepidemiologic studies and as an
indicator of immunity, and towards the detection of anti-
HAV IgM for rapid diagnosis of acute infection. These tests
appear to be basically simple to perform and advantageous
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monoclonal antibodies and molecular hybridization using

subgenomic ¢cRNA transcripts (RIBOPROBES) of

HAV ¢DNA. Both methods reportedly permitted the detec-
tion of HAV replication in two different cell lines (PLC/
PRFS and VC-10).

In yet another study Shich et al. (1991) have used ssR-
NA probes to detect HAV. Clone of ¢cDNA encoding the 5'-
most 1 kb of the HAV and coxsackievirus B3 genomes were
subcloned into T7/SP6 RNA transcription vectors.

Progress in the diagnosis of HBY infection

Since the discovery of reproducible specific serologic
markers in type B viral hepatitis, initiated more than two
decades ago (Blumberg et al., 1965, 1967; Prince, 1968),
substantial progress has been achieved concerning the vi-
rus-related markers and immune response during infection

and hence towards prevention of this widespread form of

hepatitis. Many of the markers and the methods for their
detection have now become recognized as standard diag-
nostic tools (Kurstak, 1993).

HBV serology has become extremely refined. Over the

vears, several serologic markers in the various courses of

HBV infection have evolved. As well as the recognized
hepatitis B surface (HBs), core (HBe), and ¢ (HBe) anti-
gen-antibody new markers have been introduced mcluding
pre-S1 and pre-S2 for the enveloping and the functional
proteins.

New autornates have been introduced allowing flexibili-
ty in the different tests in accordance to precise needs. The
monitoring of the pre-S1 antigen provides a relevant corre-
late of viral replication. Molecular hybridization techniques
have provided a sensitive and specific tool for the detection
of HBV DNA scquences, particularly in serum, which in
turn has proved to be a valuable additional marker of active

viral replication in HBV infection. Employment of

1BV DNA analysis has extensively improved the under-

standing of the natural history of HBV infection and the
complex clinical pattern of hepatitis B. Studies using
HBV DNA analysis have in addition, pointed to intriguing
interactions between other viral diseases and HBV infec-
tion. The quantitative determination of HBV DNA, pre-
S1 Ag and anti-HBe IgM seem most useful for the deci-
sion to use, and for the monitoring of antiviral treatment.

Detection of HBsAg and of anti-HBs

Currently, the optimal technigues for HBsAg detection
appear to be highly sensitive, specific and rapid third gen-
eration tests. ELISA, EIA, RIA and reverse passive hae-
magglutination (RPHA) methods are commercially availa-
ble, simple, rapidly performed, reproducible and very sen-

sitive, These techniques have found extensive use in screen-
ing blood donors for HBsAg (Seidi and Trautman, 1981).
Despite the proven superiority of RIA for HBsAg detection
by blood bank, the limited dating period of RIA testing kits
and the problems in handling radioisotopes have prompted
many laboratories to adopt EIA procedures which obviate
the problems of RIA testing and provide the third genera-
tion sensitivity.

Recently, a method for determining levels of serum
HBsAg have been developed by Yamashiki et ol (1993)
applying the principles of the integrating sphere turbidimet-
ric assay (ISTA). Using this method, the minimum detecta-
ble level of HBsAg is 15 ng/ml, i.¢., ISTA is three times
more sensitive than the RPHA method. Reproducibility and
specificity appear to be excellent with ISTA. Serum HB-
sAg could be reliably measured with ISTA by the ntiliza-
tion of a fully automated EL-1000 analyzer. This rapid and
simple method seems to be promising in clinical usage.

At present, RIA is the most widely used test for the anti-
HBs detection, particularly, due to their commercial availa-
bility, high sensitivity and specificity. Recently Jackson ef
al. (1988) have reported the development of a solid-phase
enzyme-labelled immunoassay that detects antibody to
HBsAg. Microwells coated with HBsAg are incubated with
test sample and binding to the solid phase of any specific
antibody 1s identified with the use of HBsAg conjugated
with alkaline phosphatase. A novel enzyme cyclic system
is used to amplify the activity of the bound label enzyme,
thereby producing an assay quicker to perform and more
sensitive than conventional lnbcl enzyme systems. The de-
gree ()t"ccmcm*rcncc with anti-HBc tuﬂmg in evaluation of

smui ic than an u«lstmg L,(»mnu,u,ml LmtJ—IiBs RlA‘

Detection of HBEcAg and anti-HB¢

Tests reported to detect HBeAg include rather sophisti-
cated methods as immunoelectron microscopy (IEM), RIA,
immunoperoxidase (IP) and immunofluorescence (IF). Tests
deteet HBeAg, however, are restricted to studies of liver
biopsy materials. HBcAg particles are generally purified
from infected liver cells, and sera of chronic hepatitis B
patients atter detergent treatment to release HBcAg from
within HBV. Tests for HBcAg seem to be rarcly used in the
diagnosts of hepatitis B since this internal antigen 1s absent
in serum. The presence of HBcAg in infected liver cells has
been assumed to mdicate ongoing virus replication.

Tests to detect anti-HBe over the years mcluded coun-
terclectrophoresis (CEP), complement fixation (CF), RIA
and EIA. Measurement of anti-HBc 1gM could effectively
differentiate chronic discase states from acute hepatitis B
cases, Recombinant DNA techniques have enabled the syn-
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ysis (Lieberman er al., 1983; Walter et al., 1987). Of the
two methods, slot blot hybridization analysis was demon-
strated to be more sensitive. However, a new technique,
PCR assay has been shown to detect 10 fg of HBV DNA
(Kaneko er al, 1989). In another study Yokosuka ef al.
(1991} demonstrated that HBYV DNA could be detected at
the level of one virion by PCR. The HBV DNA sequence
was determined by direct sequencing in a matter od days.
Shish et al. (1991) developed an HBV PCR DNA typing
procedure to assess the value of classifying hepatitis B
virus strains at the genome level with products from the
PCR. The design of this procedure is based on the selec-
tive sensitivity of the PCR product to digestion with dif-
ferent restriction endonucleases and on size of the frag-
ment resulting from a specific nuclease digestion. In an-
other interesting study related to HBV DNA methodolo-
gy, Manzinet al. (1991) have developed a rapid single-step
procedure for the detection of HBV DNA sequences from
serum samples by PCR. The novel technique appears to be
efficient when compared to the standard proteinase K-phe-
nol-chloroform method offering the advantage of being

faster and easily adaptable to the routine processing of

a high number of clinical samples by PCR and even by
spot hybridization techniques. Using HBV DNA assay by
PCR Gerken et al. (1991) concluded that in patients who
became HBeAg-negative during antiviral treatment the
viral DNA disappeared and that this assay is for more pro-
ficient than the dot bjot method. With their PCR agsay the

authors were capable of detecting as few as 30 copies of

serum viral DNA and 100 ag of cloned HBV DNA. In
addition they demonstrated in patients with chronic
hepatitis B undergoing interferon therapy that serum

HBV DNA detected by PCR 1s more sensitive marker of

HBYV replication that pre-§ and S proteins.

PCR has undoubtedly modified the approach to the di-
agnosis of viral hepatitis. The main advantages of PCR thus
appear to be its extreme sensitivity and the possibility to
develop rapid assays with the utilization of non-radioactive
probes. Its usefulness has been documented by the demon-
stration of viraemia, the identification od seronegative viral
carriers and studies on mother-to-child transmission of in-
fection, While it provides a direct and highly sensitive iden-
tification of viral genome, it appears to have three impor-
tant limitations to its routine use; (a) the risk of false posi-
tive results attributable to contamination, (b) difficulties in
developing quantitative tests, and (¢) the need for automa-
tion and use of non-radioactive probes for wider availabili-
ty of this technique (Bréchot, 1993).

Although the reliability of hepatitis virus serology per-
formed by clinical laboratories appears to be generally good
or cven excellent, internal and external quality controls
would scem to be extremely useful as suggested recently
(Gerken et al, 1991 Kurstak, 1993; Kurstak et al., 1995).

Current status of the diagnosis of HDV infection

The diagnosis of HDV infection as delta hepatitis is of-
ten difficult and the serological assay commercially availa-
ble and in use is the RIA for anti-HDV. Testing for IgM to
hepatitis B core antigen, the serological marker of acute
hepatitis B, seems to provide a method for distinguishing
co-infection from superinfection in cases of acute
hepatitis D. In fact, it has been suggested that the best cost-
effective procedure may be to test any patient with HBV
markers for anti-HDV, 30-40 days after the onset of symp-
toms (Salassa er al., 1991).

Progress in the molecular biology of HDV has made avail-
able new diagnostic assays which complement immunolog-
ical assays for HDVAg and anti-HDV (Shattock and Mor-
ris, 1991). Hybridization assays available for the direct esti-
mation of the HDV genome are based on probing sera with
DNA clones complementary to HDV RNA (Smedile et al,
1986) or with cDDNA-derived RNA probe (Smedile et al.,
1987). Immuno (Western) blot analyses developed enable
determination of hepatitis D antigenemia and in chronic
hepatitis yield positive results in presence of anti-HDV. In
general, assays utilizing RNA probes complementary to vir-
ion RNA appear to be rather more sensitive.

Various EIA procedures have been developed for nota-
ble detection of anti-HDV and in recent years for HDVAg
itself. Among them is the EIA for HDVAg and anti-HDV
from Organon Teknika, the Delta Assay for HDVAg from
Noctech, and the Abbott anti-delta EIA, a test for anti-HDV
from Abbott Laboratorics. Matthyssen ef al. (1988) have
reported the development of a simple and casily performed
ELA for the detection of anti-HDV with the use of the same
reagents as for the direct test for HDVAg. The test is an EIA
based on a competitive sandwich-inhibition principle and
according to the authors the result could be obtained within
3 hrs as a distinct colour. The assay provides the potential
for detection of both HDVAg and its antibody. The analyti-
cal sensitivity of this test for anti-HDV in human anti-FIDV-
positive sera was either equal to or better than the Abbott
anti-delta EIA and reportedly had a clinical specificity of
99.9%. This new casily performed EIA for detection of an-
1-HDV with high specificity and acceptable sensitivity ap-
pears to be promising as well as attractive since the essen-
tial agents are readily available in a kit combination
(Hepanostika anti-delta, Organon Teknika). An interesting
study was performed by Shattock and Morris (1991) on
evaluation of six commercial E1As for detection of HDVAg,
anti-HDV and anti-HDV IgM. They concluded that in de-
teeting HDVAg, the Noctech, Pasteur and Welcome assays
had 100% sensitivity; The Organon reagents gave 59.5%
sensitivity without detergent and 64.3% with detesgent. The
Sorin assays gave 23.8% sensitivity. In detection of anti-
HDV all six EIAs gave 97.8% to 100% sensitivity and re-
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ac ‘E‘*(i with all anti
anti-HDV TgM the Noctech, Sorin and Welcome assays had
100% sensitivity. Although there bas been a substantial
improvement of proviously evaluated assays, major differ-
ences st remam with regard to sensitivity among some
assays for HDVAg detection

Maolecular hybridization for HDV RNA i the nowest
assay in diagnosing acute HDV infection and substantiat-
ing the diag ‘wi leetal  1987).
The hvbridization assays cu I‘H"MW avatlable are directed
towards the genome of HDV in serum appear 1o be the
best means of monitori H[}\/ rephi mmm Rasshafle e
al. () W*‘W) reported 1 lw use of a spot blot hybridization
assay with o RNA probe derved from a 650 bp ¢IINA
fragment cloned into plasmid Germini 2. The authors char-
acterized this assay as a very simple and sensitive method

wosts of chronie disease (S

for detection of HDV RMNAL However, in this study, de-
apite the use of the RNA probe system with #P-labelled
FONAL the most se }wmw andd *";‘W*if“ﬁ“ probe fm‘ detection
of minute amoun FRNAL only T3(T6%) of 17 patients
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ol or dot blot hybridization pro
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very rapid, sensitive and specific,
The usefulness of PCR n HDV R
been studied (Madejon ef al, W‘)E) The results sug
that HDV RNA detection by gene wmphfication 1s 10,000
times more sensitive than the %E - blot hybridization and
allows the detection of viral replic “am(w in patients without
other viral repheation markers. Carviam er of (1992} have
report
HEW H”Wx 11 sert
RMNALPCR of Hw Co m; lement:
of the PCR products using
for dsDINAL Thi )W/\ '}/\ 15 report
detection of &.TI(HM(I DV BRNA s Lxr to that of »Mmimd
PCR followed by Southern hlo zmd o be 10 0 104
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peutic mornitorig in chronic ¥ R)\/ ﬁ ction and may even
perhaps contribute to o wider apphcation of PCR in ching-
cal laborator 3/ "V wapphication of PCR in the direet dingno-

sis of HDV virem [w» Iwm alsoachieved in o recent study
by Lecot ef al, l‘;)‘M).

Current knowledge of dingnosis of HEV infection

HEV seer
A, norn-

ns to be responsible for most epidemics of non-

B hepatitis in developing countries and affecting

=HEWVepositive specimen. In detection of

ed the develo pamm of a non-radivactive assay of
w reverse H“‘H‘M‘rt{“ tion of

ed to have a limit of

REVIEW
mainly young- to xmwidﬂwwc adults (Zuckerman, 1990;
Goldsmith et al, 1992; Herrera, I“‘)‘)“‘%M,m ak, 1993).

The diagnosis of HEV mfection has been based until now
on the detection by ITEM of virus-like particles of 27-34 nm
in diameter in faceal specimens from infected patients se-
rologically-negative o other viral hepatitides (Bradley e
al., TRET). Some progress was 1 Mmmmmﬂ sa diagnostic test
with the wdentification of commaon HEV m pes {Yarbough
et al, 1991y with the development of an El a/\ based on cloned
recombinant HEV Ag to detect anti-HEV l‘“\/]l and TgG. Lok
ef al {1992} demonstrated the validity of the recombinant-
based immunoassays for the diagnosis of ]hs:fpcsmm E: 1
a scroepidermiological survey in Hong Kong.

Recently Goldmsmith et af (1992} diagnosed the HEWV
nfeetion using the ELISA with four HEVAgs with anu-
HEV TgGoand 1gM. The serum was considered r
anti-HEV when the ELISA signal to HEV-g glut
transferase fusion proteing was gzt least
than that to non-recombinant gh rmtimm S-transferase pro-
teins, This ELISA detects hmﬁ anti-HEV TgM and TG and
15 recommende u“rwt}md for the diagnosis
o

o
g
I

eactive for
athione S-
Im tmes hig

o as a m‘wwunh* 1

of acute or past HEV infection. A newly develope Wm
ern blot assay for ant-HEV appears to be specific for the
diagnosis of icterk =AM, non llw hepatitis (Tram er o,
1991),

Recent strides in the diagnosis of HCV infections

The tremendous progress made towards elucidating the
structure and the genome of the HOV isolated from human
carriers has paved the way towards the development of di-

agnostic tools for HOV mfections (Kurstak er af, 1993

Antihady wssavs
The molecular characterization of the HCV genome led
o the development of mmunoassays for the detection anti-
HOV The first generation ETA basically utilized a single
recombinant viral protein (CHO0-3) for the diagnosis of OV
miection (Kuo ef af., 1989),

Use of the C100-3 did result in o sigmificant assessment
of the disease in transfusion-associated hepatits infections
(I)m‘ul‘ ue e m' 1992). However, 1t now appears that the

se of C100-3 ETA generated significant numbers of not
(ml\/ alse- "wwnlwhn also false-negative results (Okamoto
etal 1991 Sugitanier af., 1992). To circurmvent such
fems, sceond and third generation serological tests that in-
clude additional structur
peptide ©
ing as ww,ll as confirmatory assavs (Boudart er af,
Okamoto ef af., 1992).

prob-

al and non-structural proteimns or
pitopes have currently been evaluated in screen-
1692:

These tests in similarity with the
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first generation test rely on the detection of an antibody
response to viral antigens. Okamoto et al. (1992) developed
immunoassays to detect antibodies against oligopeptides
deduced from the putative core gene of HCV and compared
their performance with that of the commercial assay for

antibodies against the product of non-structural regions of

HCV (anti-C100-3). The results of their study seem to sug-
gest that antibodies against antigenic determinants of the
HCV core could possibly complement anti-C100-3 for the
reliable diagnosis of non-A, non-B hepatitis.

Detection of HCV

In view of the variation of the period between infection
and host-immune response fo different HCV antigens
among individuals, it appears to be desirable to test di-
rectly for viral antigens, nucleic acids or even both. How-
ever, because of the low titers of circulating virus com-
mon in HCV infection, reliable detection of viral antigens
remains as yet undocumented. Consequently, efforts have
been directed mainly towards the detection of HCV RNA
in clinical samples.

The utilization of PCR techniques to amplify reverse-
transcribed cDNA permits a very sensitive assay for viral
specimens. Despite the absolute necessity to perform neg-
ative control reactions to exclude cross contamination and
performance of assays in triplicate, the ability to detect
small number of viral RNA molecules by PCR assays rep-
resents an extremely sensitive assay for HCV infection.
The optimal region for PCR assay now very likely scems
to be the 5'-leader RNA, generally well-conserved among
different HCV isolates. On the basis of a signature se-
quence for HCV (5'-untranslated region), Chaer al. (1991)
reported the development of a viral RNA assay using eD-
NA synthesis with reverse transcriptase, followed by PCR.
This new assay was compared with the Ortho-Chiron C100-
3 HCV ELISA. On the basis of the results obtained the
authors suggest that the use of probes and primers from
the 5'-PUT region (as opposed to primers from other re-
gions) should not lead to false-negative results due to nu-
cleic acid sequence variations.

The fact that most PCR assays have qualitative limits,
their use is suggested to applications where only the pres-
ence or absence of target nucleic acids is to be determined.
Hence, establishment of calibration of an external standard,
identical to target sequences or comparison with co-ampli-
fied, unrelated “reporter” RNA appears to be a necessity
for quantitation of target sequences using PCR technique.
Interestingly enough, Lundeberg er al. (1991) have report-

ed the demonstration of the quantitation of the amount of

target DNA/RNA by competitive PCR. Kanoko ef al. (1992)
successfully utilized this competitive PCR to quantitative
HCV RNA in sera of patients with chronic hepatitis. Quan-

titation of HCV RNA carrier the potential for evaliating
treatment of HCV infection.

Much effort has been devoted to the detection of
HCV RNA in clinical samples with a combination of re-
verse transcription and PCR (RT-PCR). Extremely sensi-
tive PCR-based protocols are now known and proven to be
useful in confirming and monitoring HCV infections (Sug-
itani er al, 1992). However, as apparent from the recent
quality control study of Zaaijer ef «l. (1991), reports of the
presence of HCV should be interpreted with care until reli-
able HCV RNA becomes widely available.

In an effort towards achieving an increase in the sensi-
tivity and reliability of PCR analysis, a nested PCR has been
exploited (Garson et al, 1990). A pitfall of nested PCR
appears to be that the second PCR cycle is set-up the pres-
ence of first PCR cycle amplification products thereby in-
creasing the risk of contamination by product DNA. As an
alternative approach to nested PCR, an one-stage PCR am-
plification combined with Southern blot analysis (Han et
al., 1991) or liquid hybridization with radioactive oligonu-
cleotide probes (Gretcher al, 1992) has been used. Recent-
ly however, Gretchet al. (1993) have described an one-stage
PCR assay of HCV RNA which when combined with ei-
ther liquid hybridization or Southern blot analysis has been
noted to be equal in sensitivity to the nested PCR. Further-
more, this study also established that one cycle of PCR plus
liquid hybridization offers sufficient sensitivity as well as
tess potential for contamination.

To tackle the problem of contamination of secondary
amplification with products acumulated from previous am-
plifications a method for heminested PCR using drop-in/
drop-out primers was recently developed (Ehrlich ef al,
[991). This method is accomplishable in a single step.
Romeo et al. (1993) have utilized this novel RT-PCR assay
for the analysis of the prevalence of HCV complementary
RNA in a set of 53 plasma specimens from blood dona-
tions that were repeatedly reactive for anti-HCV with the
first generation EIA. Of 21 specimens that were also reac-
tive for anti-HCV in a four-antigen recombinant immuno-
blot assay (RIBA-2) 20 (95%) contained detectable levels
of HCV RNA. With the future development of reliable au-
tomated RT-PCR assays it appears that the detection of
HCV RNA by RT-PCR does provide practical confirmation
test of particular importance in the clinical management of
apparent healthy blood donors who demonstrate anti-HCV
in supplementary RIBA testing.

CONCLUSION

The effective use of new molecular biological techniques
towards the reliable diagnosis of HCV and other viral Hiver
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of PCR teeniques with amplification of reverse transcribed
‘I)NA seems to provide an cffective means for assaying
HCW infections. A very recent one-stage PCR
HUJ RNA combined with either Hiquid hybridization or
Southern blot analysis, cqual in sensitivity to the nested PCR
assay but with sharply reduced potential for contamination
appears 1o be promising. Future further
liable and automated RT-PCR assay would be particularly
interesting for the diagnosis of HOV infections.

PCR apparently remains the most useful test for the ap-
praisal of HBV infection in sero-negative patients with hiv
er diseasc. It has now made possible
observations made with the spot blot or Southern blot test
and provided access to the nucleotide sequence an
these viral mutant forms. The rapidity and simplicity of the
newly developed latex agglutination method using ISTA also
makes 1 a viable alternative for the determination of HB-
sAg. Cloning of HEV, sequencing of the vival genome and
expression of recombinant HEY proteins has undoubtedly
facilitated sigmificant progress int Exmivu lopment of meth-
ods for identification o HEV infection in m ients, Recer
Iy the availability of mul‘ L IHORE SCRSHIVE d850YS 48 1o
combinant-based BLAS ha m(ﬂu tEm dizgnosis m"hupmmm E
very much practicable,

development of re-
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