
Acta virol. 3 4  : 4 4 6  — 456, 1990 

INFLUENZA V I R U S  D E T E C T I O N  I N  CLINICAL SPECIMENS 

M. H A V L Í Č K O V Á ,  A .  Z. P L  JUá-VI ST, B .  T Ů M O V Á  

Ins t i tu te  of Hygiene  an:l  Epidemiology,  10042 P r a g u e  10, Czechoslovakia,  a n d  P a s t e u r  I n s t i t u t e  
of Epidemiology  a n d  Microbiology, P-101 Leningrad,  U.S.S.R.  

Received December 19, 1988; revised August 14, 1989 

Summary. — T h e  authors  compared t h e  resul ts  of influenza A 
( H l N l )  a n d  influenza A (H3N2) v i r u s  detection in nasopharyngeal  
s w a b s  f r o m  flu pat ients  b y  molecular hybridizat ion (MH), E L I S A ,  
v i r u s  isolation a n d  seroconversion. Using t h e  immunofluorescence 
(IF) technique influenza v i r u s  w a s  detected in cell suspensions 
f r o m  t h e  f i r s t  chick e m b r y o  passage.  Al together  63 s w a b s  f r o m  
var ious  epidemic seasons w e r e  separated  into 3 g roups  according 
t o  specimen sampl ing  a n d  storage.  I t  w a s  shown t h a t  influenza 
v i r u s  R N A  could b e  f o u n d  in  16 o u t  of 22 s w a b  specimens (72%)  
stored a t  — 70  °C w i t h o u t  t h a w i n g  a n d  t h a t  E L I S A  revea led  
t h e  in f luenza  v i r u s  a n t i g e n  i n  19 cases ( 8 6 % ) ;  i n  c o n t r a s t ,  I F  w a s  
pos i t ive  i n  6 ( 2 7 % )  a n d  v i ru s  isolat ion i n  5 ( 2 2 % )  cases on ly .  
H o w e v e r ,  t h e  pos i t ive  r a t e  of M H  decreased t o  9 %  i n  21  s w a b  
specimens  r e p e a t e d l y  t h a w e d  a n d  s t o r e d  a t  — 2 0  °C a n d  w a s  
comple te ly  nega t ive  a f t e r  p ro longed  s to rage  of  r e p e a t e d l y  t h a w e d  
samples .  Desp i t e  t h e s e  condi t ions ,  E L I S A  w a s  still successful  i n  
b o t h  l a t t e r  s ample  g r o u p s  (71  — 80%).  For  specificity control, 
29 samples  coming f r o m  pat ients  w i t h  influenza B v i r u s  a n d  
other respi ra tory  v i r u s  diseases (adeno- a n d  respi ra tory  syncyt ia l  
v i rus)  were  used.  t 
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Introduction 

A t t e m p t s  f o r  a more reliable a n d  quicker labora tory  diagnosis  of  acute  
respiratory  diseases (ARD) especially of influenza h a v e  been promoted b y  
still increasing demands  of clinicians a iming a t  correct antibiotic  t h e r a p y  
especially in children, b y  n e w  progression of ant iv i ra l  chemotherapy a n d  
chemoprophylaxis  a n d  l a s t  b u t  n o t  least  b y  t h e  importance of  e a r l y  anti-
epidemic measures.  Therefore, in  t h e  course of l a s t  y e a r s  several  n e w  dia ­
gnost ic  m e t h o d s  were  i n t r oduc e d  (Berg  et al., 1980; H a l o n e n  et al., 1983; 
P t á k o v á  a n d  T ů m o v á ,  1986; W a l l s  et al., 1986a; Anestadeíař , ,  1988). However,  
no general ly  accepted technique h a s  been recommended t o  replace t h e  u p  
t o  now used classical — n o t  a l w a y s  optimal  a n d  certainly t i m e  consuming — 
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procedures of v i rus  isolation and the  serologic as says .  E L I S A  and I F  tech­
n iques  a r c  widely  used f o r  v i rus  a s  well a s  a n t i b o d y  de tec t ion .  Hybr id iza t ion  
lias been  less extens ively  used a n d  i t s  eff icacy is u n d e r  inves t iga t ion  (Kulski  
a n d  Norva l .  1985; B a u r i n  et al., 1985; B u k r i n s k a y a  et al., 1986; P l j u sn i n  
etal., 1987; 1988). Here  w e  r e p o r t  of inf luenza v i ru s  R N A  de tec t ion  b y  m e a n s  
of a D N A  p robe  in rou t ine ly  s a m p l e d  clinical specimens  (nasopharyngea l  
swabs)  a s  c o m p a r e d  w i th  resul ts  of  E L I S A ,  immunofluorescence s ta in ing ,  
v i r u s  isolation in chick e m b r y o s ,  a n d  serology. T h e  a i m  of t h i s  work  which  is 
still be ing  con t inued  is t h e  choice of more  su i tab le  a n d  reliable m e t h o d  (or 
me thods )  which  could b e  s t anda rd i zed  f o r  clinical prac t ice  a n d  f o r  specialized 
labora tor ies .  

Materials and Methods 

Clinical HpecimevH. Swabs  were t a k e n  f r o m  t lie hind pharyngeal  wall a n d  nasal  duc t s  in to  
5 ml  med ium (Veal infusion Bro th  Difco supplemented  wi th  0 . 5 %  BSA a n d  antibiotics);  mater ia l  
was  collected in t h e  epidemic seasons 1987— 88 a n d  1983—86. F r o m  these 22 specimens were 
immedia te ly  frozen a n d  s tored a t  — 70°C unt i l  use. Another  41 specimens f r o m  seasons 1983—88 
were s tored e i ther  a t  — 70° C o r  a t  — 20 C ar.d t h Í. we d several t imes for  different assays.  Hybridi­
za t ion  was  m a d e  a s  las t .  F o r  E L I S A  0.2 m l .  fo r  hybr idizat ion on filters 0.4 — 0 .5  ml of t h e  specimen 
was  t a k e n .  

Immune sera were raised in guinea pigs a n d  fer re ts  b y  in t ranasal  inoculation of 0.2 ml  freshly 
grown v i rus  u n d e r  deep  o the r  anesthesia  o n  2 j-ubrccucnt days .  Booster  doses were given in t h e  
case of low haemagglu t ina t ion  inhibition a n d  a n t i - R N P  on t ihedy  t i t res  3—4 weeks a f t e r  t h e  
f i r s t  dosis  b y  in t ranasa l  (guine a pig) and  intraperi toneal  (feriet)  adminis t ra t ion  of v i rus  purified 
on sucrose grad ien t .  

Molecular hybridization. T h e  sample  solution (0.4 — 0.5 ml) was  deproteinized wi th  prots inase  
K ( F  luka  AG,  CH 9470 — Busch),  phenol  a n d  a phenol-chloroform (1 : 1) mix ture .  T h e  R N A  
w a s  precipi tated wi th  alcohol,  centr i fuged a n d  di luted in  rl E buffer  (0.01 mol/1 Tris-HCl buffer .  
p H  8.0, 1 mmol/1  ĽDTA).  Denaturation w a s  made in 0.1 mol/1 natrium phosphate buf fer  con­
ta in ing  6— 7 %  formaldehyde  a t  60°C fo r  5— 10 m i n .  A f t e r  cooling t o  0°C t h e  samples were spo t t ed  
in parallel t o  a ny lon  filter previously moistured wi th  6 x SSC (1 X SSC : 0.15 mol/1 NaCl,  0.015 
mol/1 sodium c i t r a t e ,  p H  7.4). Immobil izat ion w a s  i r e d e  in vacuum a t  80CC fo r  90 min .  T h e n  
t h e  membranes  were prehybridized in 5 x SSC containing 5 0 %  formamide  (Fluka AG Busch) .  
0 . 2 5 %  sodium dodecylsulphate ,  (SDS) 50 mmol/1 na t r i um phosphate ,  0.1 % bovine se rum a lbumin ,  
Ficoll a n d  polyvinylpyrrol idon fo r  4 h r  a t  37°C. Final ly ,  400 [Xg/ml dena tured  (100CC fo r  3 min) 
earr ier  D N A  w a s  a d d e d .  T h e  hybridizat ion m i x t u r e  conta ined ,  in addi t ion ,  t h e  3 2P-labelled 
dena tu red  l)NA probe  (nick-translated I)NA copies of P ,  N P ,  a n d  M genes of influenza A /PR8 /34  
v i rus  cloned in p lasmids  p B R  322 and /o r  p B R  327). T h e  ac t iv i ty  of t h e  probe DNA mix tu re  was  
3 M B q ,  specific ac t iv i ty  1.8 x 108 cpm/pLg D N A .  Final ly ,  10 mmol/1 E D T A  was  added  t o  t h e  
hybridizat ion mix tu re .  Incubat ion  proceeded for 66 h r  a t  37°C. T h e  membranes  were washed fo r  
40—60 min  a t  hybridizat ion t empera tu re  in 1 x , 0 .5  x , 0.2  x , a n d  0.1 x SSC-SDS a n d  autoradio­
g r a p h y  was  per formed (Pl jusnin  et al., 1987). 

ImmunoJluore.Hcence, fítaininrf. Amniotic cells sedimented at initial passages in chick embryos(CE) 
wore stained by indirect method (Fedová and Zelenková, 1965a, 6). Guinea pig sera to  influenza 
A and B viruses  were usrd in the first layer and in anti-guinea pig F1TC labelled conjugate in 
t IK? second (SwAGp IFITC, Sevac, Prague). The  smears  were counterstained with E v a n s  blue 
(1 : 10,000). 

Enzyme-linked immurw<tfiaay. The indiicct double antibody sandwich modification w a s  used 
for  antigen detection. The wells were coatcd with ferret influenza A and B antiserum (A/Singa-
pore/6/86, B/Prague/17/84). The second layer antiserum was  raised in guinea pigs (A/Singapore/ 
6/86; B/Buenos Aires/37/71). The optimal serum dilutions were determined b y  chess-board titra­
tions. T h e  tes t  was  per fo imed  a s  described b y  Shckarchi  a n d  Sever (1986). I n  t h e  t h i r d  layer 
SwA G p / P x  (peroxidase? labelled) con juga te  prepared  b y  Sevac,  P rague ,  was  used;  t h e  subs t r a t e  
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•was 5-amino-salicylic acid.  T h e  results  were r ead  a t  405 n m  (MR 580 Microslisa A u t o  R e a d e r ,  
Dynatech) .  

Virus assay. Virus  isolations were m a d e  in  lO-daj '-old chick embryos .  
Serologic tests. P a i r e d  sera were t e s t ed  b y  hasmagglu t ina t ion  inhibi t ion  a n d  immunoprecipi-

t a t ion  in gel a s  recommended  b y  W H O  (Palmar  el al., 1975). A s  posi t ive was  regarded  a double  
increase of v i rus  t i t r e  o r  t h e  appearance  of a dis t inct  prec ip i ta t ion  line w i th  t h e  convalescent  
serum.  

Results 

T h e  t e s t e d  63 s w a b  specimens f r o m  p a t i e n t s  w i t h  diagnosis  of in f luenza  
were  d iv ided  i n t o  3 g roups :  G r o u p  1 consis ted of 22 samples  t a k e n  d u r i n g  
t h e  first 72 h r  since t h e  onse t  of disease a n d  s to red  a t  — 7 0  °C u n t i l  assayed .  
G r o u p  2 con ta ined  21 clinical spec imens  sh ipped  f r o m  o t h e r  virological l ab ­
ora tor ies  a n d  Hyg iene  S t a t i o n s  were  coming f r o m  similar  pa t i en t s ,  b u t  t h e  s a m ­
ples  u n d e r w e n t  severa l  t h a w i n g s  d u r i n g  earl ier  inves t iga t ions  a n d  were  s to red  
a t  — 2 0  °C. T h e  t h i r d  g r o u p  of specimens  were  selected f r o m  n a s o p h a r y n g e a l  
swabs  of p a t i e n t s  w h o  b e c a m e  sick d u r i n g  epidemics  A ( H l N l )  a n d  A (H3N2)  
in  1983—1988:  these  samples  were  stored a t  — 70  °C a n d  t h e y  also were  
t h a w e d  severa l  t imes .  As  nega t ive  cont ro l  of t hese  inves t iga t ions  w e  inc luded  
21 swabs  f r o m  inf luenza B a n d  8 s w a b s  f r o m  adenov i rus  a n d / o r  r e sp i r a to ry  
syncy t i a l  v i rus- infec ted  pa t i en t s .  T h e  resu l t s  a r e  shown  in  Tab le s  1 a n d  2. 

A s  c o m p a r e d  t o  t h e  resu l t s  of v i r u s  isolat ion a t t e m p t s  a n d  immunof luo r ­
escence t e s t s  p e r f o r m e d  i n  t h e  first C E  passages,  E L I S A  a n d  hybr id i za t ion  
were m o r e  sensi t ive  a n d  qu icker  w h e n  p e r f o r m e d  w i t h  t h e  f r e sh ly  collected 
swab  specimens  (group  1). O u t  of 22 samples  of t h i s  g r o u p  inf luenza A v i ru s  
an t igen  w a s  de t ec t ed  b y  E L I S A  in  19 cases (86%)  a n d  inf luenza v i ru s  R N A  
in  16 cases (72%) .  I n  con t r a s t ,  inf luenza v i ru s  w a s  isolated i n  5 cases (22%)  
only  a t  passage  levels 2—6,which corresponded t o  1 — 3 week  delay.  B y  I F  
staining t h e  detection of v i r u s  antigen w a s  quicker b u t  it w a s  posit ive in 6 
s w a b s  only (27%). I t  seems therefore, t h a t  even  t h e  I F  technique m a y  b e  
certainly quicker a n d  probabl} '  more sensit ive t h a n  classical v i r u s  isolation. 

Resul t s  w i t h  t h e  g roup  2 materials  were  similar in E L I S A ,  15 s w a b s  o u t  
of 21 being posi t ive  (71%).  No I F  staining w a s  made  because t h e  classical 
techniques were  performed outdoors.  B y  inoculation into CE. 4 s t ra ins  were  
isolated only (identified in t h e  Reference laboratory),  a l though serologic 
assay  indicated seroconversion t o  influenza A ( H l N l )  in  20 pat ients  (95%,). 
From these, hybridizat ion confirmed t h e  v i r u s  in 2 cases (9%) (Fig. 1-b). W e  
ascribe this  discrepancy t o  t h e  f a c t  t h a t  the  material  w a s  t h a w e d  several  
t imes f o r  other as says .  The  v ira l  R N A  is  labile a n d  in t h e  case of repeated 
thawing  i t  i s  dif f icult  t o  p r e v e n t  degradation b y  RNases  present  in t h e  sample.  
Therefore, t h e  E L I S A  work ing  under  field conditions seems t h e  most  pro­
mising m e t h o d  f o r  r ou t i ne  e xa m ina t i on .  

I n  t h e  3 rd  g r o u p  of s w a b s  v i r u s  an t igen  could b e  de t ec t ed  in  16 o u t  of 20  
(80%) cases b y  E L I S A  despi te  of t h e  long t e r m  s torage .  Th i s  conf i rmed t h a t  
molecular hybr id iza t ion  w a s  n o t  su i tab le  f o r  de tec t ion  of vira l  R N A  i n  
repea ted ly  t h a w e d  clinical samples  a f t e r  pro longed s torage .  Because  t h e  
vi rus  an t igens  a r e  m u c h  m o r e  re s i s t an t  t h a n  v i ra l  R N A ,  hybr id i za t ion  is  
r a t h e r  su i tab le  f o r  i m m e d i a t e  diagnosis.  
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Table 2.  Demonstration of influenza virus  in clinical specimens f rom 
a local epidemics in the seson 1987/88 

S\rab 
No. 

MH E L I  .3 A I F  Vi rus  
isolation 

Seroconversion 

9327 + + 
9328 — + — — + 
9329 + + — — + 
9330 

v + + E2, E3-)- E 3  + + 
9331 + + Ea ,  E 3  + E 3  + + 
9332 + + — — + 
9333 + — — + 
9334 + + — — + 
9335 + - — — + 
9336 + — — — + 
9337 + + E i ,  E2  + E2  + + 
9338 + + E2 + — + 
9339 + + — — + 
9340 + + — — + 
9341 + + E 2  + — + 
9342 + + — — + 
9343 — + - — + 
9344 _ — — — + 
9345 + + — — + 
9354 + — E6 + + 
9297 • + — E2 + + 
9279 + + E i  + — N T  

Tota l  N o .  
of pa t i en t s  22 16 (72.7) 

* 
19 (86.3) 6 (27.2) 5 (22.7) 21 (95.4) 

+ virus  de tec t ion  posi t ive N T  = n o t  t e s t ed  
— virus  detect ion nega t ive  
E ;  t o  E ä  = e g g  passage number allowing v i rus  identification 

V i r u s  detection directly depends on t h e  n u m b e r  of infected cells and/or 
f ree  v i r u s  particles  in t h e  collected material.  Using f r e s h  s w a b s ,  hybridizat ion 
is highly  sensit ive a s  i t  al lows t o  detect  a s  l itt le a s  1 p g  v i r a l  R N A .  Fig.  1-a 
shows t h a t  t h e  resul ts  could b e  correctly interpreted w h e n  t h e  a m o u n t  of 
R N A  present  in t h e  samples  ranged  between 1 — 10 p g .  T h e  sens i t iv i ty  a n d  
specificity of t h e  hybr id i za t ion  t e s t  w a s  def ined according t o  t h e  cr i ter ia  of  
Weiss  et al. (1985). I n  al l  3 g r o u p s  t h e  sens i t iv i ty  corre la ted  w i t h  t h e  n u m b e r  
of posi t ive  samples .  T h e  specificity of hybr id i za t ion  w a s  checked  i n  g r o u p  4 
(Fig. 1-c) us ing  inf luenza  B virus ,  adenovi rus ,  a n d  r e sp i r a to ry  syncy t i a l  
v i rus-conta in ing specimens:  n o n e  of t hese  revea led  false  pos i t ive  react ions ,  
specificity be ing  1 0 0 % .  E L I S  A w i t h  adenov i rus  a n d  r e sp i r a to ry  syncy t i a l  
v i rus  con ta in ing  swabs  g a v e  ident ica l  resul ts .  
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Fill. 1 
Detection of influenza v i r u s  in nasopha­
ryngeal  s w a b s  b y  molecular  hybr id iza t ion  

a — g r o u p  1 spec imens  
b — g r o u p  2 spec imens  
c — g r o u p  3 (negat ive)  con t ro l  speci­

m e n s  
d — r e c o m b i n a n t  D N A  specimens  equi­

v a l e n t  t o  g iven  R N A  concen t ra ­
t i ons  (posi t ive controls)  

Fo r  f u r t h e r  d e t a i l s  see Resu l t s .  

Discussion 

Ident i f icat ion of  inf luenza v i r u s  b y  a s imple  t e chn ique  replacing t h e  t i m e  
consuming  v i rus  isolation p rocedure  h a s  been since m a n y  y e a r s  a m a t t e r  
o f  inves t iga t ion ,  hut  n o  s t anda rd i zed  m e t h o d  w a s  r ecommended  f o r  genera l  
use  in l abo ra to ry  prac t ice .  T h e  oldest  a l t e r n a t i v e  is doub t l ess  t h e  I F  t e chn ique  
(Liu,  1956; T a t e n o  et til., 1962; Bla škovič  et al., 1963a; 19636: Fedová and 
Zelenková, 19656; McQuillin et al., 1970; 1985) which is the  method of choice 
in cell smears  prepared directly from the  s w a b  sample.  This  technique al lowing 
quick diagnosis  is not used routinely d u e  t o  diff iculties w i t h  t h e  f requent ly  
occurring nonspecific s ta ining  reactions. I F  needs high  degree experience, 
hut  in combination with  chick e m b r y o  inoculation (Fedová and Zelenková, 
1965a; E v a n s  a n d  Olson, 1982) i t  al lows the v i r u s  identification before v i r u s  
release f rom cells a n d  also in the  case of low haemagglutination t i t res  of t h e  
amniotic fluid (I : 2, 1 : 4). Therefore, w e  h a v e  also used I F  for  v i r u s  iden­
t i f icat ion a t  ind iv idual  egg  passage  levels. 

R e c e n t l y  E L I S A  h a s  been most  f r e q u e n t l y  used in va r ious  modif icat ions,  
a l t h o u g h  t h i s  a s say  is also n o t  devoid  of technical  p rob lems  such  a s  va r i a t ions  
d u e  t o  t h e  q u a l i t y  of  i m m u n e  sera ,  lack of s t anda rd i zed  t e s t  condi t ions  a n d  
t h e  possible occurrence  of heterologous i m m u n e  reac t ions  in te r fe r ing  w i t h  t h e  
r e a d i n g  of resul ts .  

Of f u r t h e r  m e t h o d s  t h e  t i m e  resolved fluoroiinmunoassay is w o r t h  m e n ­
t ion ing  (Halonen  et al., 1983; Wal l  et al., 1986). T h i s  t e chn ique  is h ighly  sen­
si t ive b u t  needs  expens ive  e q u i p m e n t .  Also t h e  classical r ad io immunoassay  
m a y  b e  used  f o r  an t i gen  de tec t ion  in t h e  a l lantoic  fluid (Kos to lanský  et al., 
1986). Finally,  detection of iminunocomplexes can se rve  direct v i r u s  iden­
t i f icat ion in t h e  nasopharyngea l  swabs ,  b u t  i t s  re l iabi l i ty  is  l imi ted  b y  t h e  
q u a l i t y  of t h e  s ample  a n d  technical  condi t ions  of s ampl ing  ( P t á k o v á  and 
T ů m o v á ,  1985). 
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Although  MH is  t h e  less f requent ly  used  method f o r  influenza v i r u s  iden­
t i f ica t ion  i n  clinical specimens,  i t  w a s  r e p o r t e d  b y  severa l  a u t h o r s  ( B a u r i n  
et al., 1985; B u k r i n s k a  et al., 1985; P l j u s n i n  et al., 1987; 1989). H y b r i d i z a t i o n  
is  sensi t ive  — 1 p g  R N A  can b e  detected — a n d  also highly  specific f o r  
determination of posi t ive  a n d  negat ive  specimens. According t o  our  experien­
ce f r e sh  a n d / o r  correct ly  s to red  ( a t  — 7 0  °C) m a t e r i a l  is  n e e d e d  f o r  successful  
a n d  precise diagnosis .  Hybr id i za t i on  seems re la t ive ly  t i m e  consuming  a n d  
expensive ,  t h u s  i t  does  n o t  fulf i l  t h e  cr i ter ia  of  a s imple  a n d  qu ick  d iagnos t ic  
assay .  

F r o m  o u r  w o r k ,  'which still cont inues ,  w e  conclude  t h a t  e a c h  a l t e r n a t i v e  
m e t h o d  descr ibed he re  w a s  qu icker  t h a n  t h e  classical chick e m b r y o  inocula­
t ion ,  b u t  a n y  of i t  d e p e n d e d  o n  t h e  qua l i t y  of t h e  collected sample ,  n a m e l y  
t h e  a m o u n t  of ac tua l l y  p r e s e n t  cell-associated o r  f r e e  v i rus .  Therefore ,  m a n y  
a u t h o r s  r e c o m m e n d  asp i ra tes  (Grand ien  et al., 1985). Of a sp i r a t ed  spec imens  
Ahluwal ia  et al. (1987) isola ted r e sp i r a to ry  syncy t i a l  v i r u s  i n  2 3  o r  32  cases 
(72%)  a s  c o m p a r e d  t o  15 (47%)  posi t ive  isolat ions f r o m  n a s o p h a r y n g e a l  
swabs .  I n  s u c h  case, t h e  pos i t ive  r a t e  of E L I S A  a n d  I F  t e s t  w a s  h igher  a s  
well. F o r  o u t p a t i e n t s ,  however ,  collection of a sp i ra t e s  c a n n o t  b e  a l w a y s  
pe r fo rmed ;  m a t e r i a l  should  b e  i n  e a c h  case s w a b b e d  t o  achieve  t h e  h ighes t  
possible cell concen t ra t ion  closely approach ing  t h a t  of t h e  a sp i r a t ed  samples .  

O u r  resu l t s  conf i rm t h a t  t h e  m o s t  su i t ab le  d iagnos t ic  m e t h o d  w a s  E L I S A  
which  c a n  b e  also used  f o r  add i t iona l  diagnosis  o m i t t i n g  v i r u s  cu l t iva t ion ,  
n o t  inev i tab le  f o r  clinical prac t ice .  F u r t h e r  i m p r o v e m e n t s  of t h i s  m e t h o d  
m a y  b e  achieved us ing  monoclona l  an t ibod ies  (Walls  et al., 1986&). S u m m i n g  
u p ,  f o r  selected labora tor ies  E L I S A  a n d  M H  a r e  equa l ly  su i t ab le  because  
aetiologifal  diagnosis  w a s  m a d e  w i t h  t h e s e  m e t h o d s  prac t ica l ly  i n  e a c h  case.  
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