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Summary 
An enzyme-linked immunosorbent assay (ELISA) was employed to investigate 

the expression of influenza A/Hong Kong/68 (H 3 N2) virus structural proteins on 
the surface of infected MDCK cells, and to detect viral antigens in culture media 
and cell extracts. Infected cells were fixed with 0.1 per cent glutaraldehyde before 
being examined for the presence of cell-surface antigens. Viral antigens were first 
observed on the surface of ceils 4 hours after infection and reached a maximum 
10--12 hours after infection, when measured by haemadsorption with chicken 
erythrocytes and by ELISA and immunofluorescence with hyperimmune anti- 
serum to Hong Kong virus. A good correlation was found between the three assay 
systems. The presence of individual virion structural proteins on the cell surface 
was determined by ELISA using specific antibodies purified by differential affinity 
chromatography. Either or both of the internal matrix and nueleoprotein antigens 
were expressed from 2 to 6 hours after infection, with maximum expression after 
2 hours, and the strain-specific and common antigenic determinants of haemag- 
glutinin were observed on the cell surface from 4 hours after infection, and re- 
ached a maximum 8 to l0 hours after infection. Low levels of neuraminidase were 
detected between 4 and 8 hours after infection. Culture media and cell extracts 
were t i t rated by infectivity and haemagglutination assays, and by ELISA. Titres 
obtained from the culture media showed a close correlation between the three 
assay methods, with peak titres being attained 24 hours after infection. Viral 
antigens were first observed in cell extracts by ELISA 4 hours after infection, and 
infectious virions and haemagglutinin 2 hours later, but whereas maximum titres 
of infectious virus and haemagglutinin were found 10 hours after infection, the 
ELISA titre continued to rise until 24 hours after infection, which suggested tha t  
virus structural proteins were being accumulated :in the cells after most of the 
progeny virions had been released. The results are discussed in terms of the 
potential  use of ELISA in rapid virus diagnosis. 
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Introduction 

Inf luenza  A virus  par t ic les  conta in  seven s t ruc tu ra l  prote ins ;  two ex te rna l  
g lyeoprote ins ,  haemagglu t in in  (HA) and  neuraminidase  (NA), and  five in te rna l  
pro te ins  (reviewed in 33). The HA,  which is responsible  for virus  a t t a c h m e n t  to  
suscept ible  cells and  for the  ab i l i ty  of the  virus  to  agg lu t ina te  e ry th roey tes ,  dis- 
p lays  several  ant igenic  de t e rminan t s  (15), some of which are common to  all  
viruses of the  same ant igenic  dr i f t  series (HA-CM), whereas o thers  are  specific to  
each ind iv idua l  s t ra in  (HA-ST) (21). The funct ion of N A  is unknown,  bu t  i t  is 
able to  hydro lyse  sialie acid  f rom the  H A  receptors  on the  surface of cells. Mat r ix  
and nucleoprote in  are the  most  a b u n d a n t  in te rna l  prote ins  and  bo th  confer t ype  
specifici ty,  whereas  the  three  o ther  in te rna l  proteins ,  P 1, P 2  and  P 3  are present  
in ve ry  smal l  amotmts  and  are bel ieved t.o be invo lved  in R N A  t ranse r ip tase  
ac t i v i t y  and  poss ibly  in virus  ma tu ra t ion .  Dur ing  the  repl ica t ive  cycle of influenza,  
H A  and N A  are inser ted  into  the  cy top lasmic  m e m b r a n e  of the  infected cell 
where t h e y  can be de tec ted  b y  a va r i e t y  of techniques  including haemadsorp t ion ,  
immunofluoreseence,  immunofe r r i t i n  and  e ry [h roey te  elut ion (23, 24, 29). Recen t  
evidence has  sugges ted  t h a t  the  in te rna l  m a t r i x  and  nueleoprote in  ant igens  m a y  
also be expressed on the  surface of infected cells (1, 5, 6, 16, 28). 

I n  recent  studies,  i t  has been shown t h a t  an  enzyme- l inked  immunoso rben t  
assay  (ELISA)  p rov ided  a sensi t ive me thod  for t i t r a t i ng  an t ibodies  to inf luenza A 
virus  s t ruc tu ra l  prote ins  (20, 30) and  for measur ing  the  height  and  specif ic i ty  of 
the  immune  response to  inf luenza infect ion in mice (3t).  The  purpose  of the  
present  s t u d y  was to  inves t iga te  the  use of E L I S A  for de tec t ing  inf luenza v i ra l  an t i -  
gens expressed on the  surface of infected t issue cul ture  cells, in cell ex t rac ts ,  and  
re leased into  the  cul ture  med ium dur ing the vi ra l  rep l ica t ion  cycle. 

Materials and Methods 

Virus  and Cell Culture 

MDCK cells were grown in 75 cm 2 plastic tissue culture flasks (Falcon, Maryland) 
with Dulbecco's modified Eagle's medium, as described previously (14). At  conflueney, 
each flask contained approximately  8 x 106 cells. Influenza A/Hong Kong/1/68 (H 3 N 2) 
virus was grown in allantoie cavities of 10-day embryonated eggs. After 40 hours 
incubation at  37 ° C, the allantoie fluids were harvested, elaAfied by eentrifugation at  
1000×g, and stored in Miquots at  - - 70°C  as stock preparations.  The MDCK cells 
were infected with 240 haemagglutinat ing (HA) units of t tong  Kong virus (HK) per 
flask, the virus allowed to adsorb for 1 hour at  37 ° C, and the monolayers overlaid 
with 20 ml Eagle's medium supplemented with 1 per cent foetal calf serum. At  intervals 
between 2 and 48 hours after infection, one flask was harvested, the medium removed, 
and the monolayer rinsed three times with phosphate-buffered saline (PBS). The ceils 
were detached by  t rea tment  with 0.02 per cent ethylenediamine tetraaeetie acid 
containing 0.25 per cent trypsin. Dead, infected cells in the removed medium were 
sedimented at  450 ×g,  and pooled with the dispersed cells from the monolayer. A 
16 per cent aliquot of the cell suspension (about 8 × 105 cells) was frozen and thawed 
twice, centrifuged at  1000 ×g, and the supernatant  collected as a cell extract .  The 
rest of the cell suspension was fixed with 0.1 per cent glutaraldehyde in P13S at  room 
temperature  for 1 hour, washed in PBS by eentrifugation at, 450 × g, and resuspended 
to 2 x 10a eells/mI in PBS containing. 0.5 per cent bovine serum albumin fraction V 
(BSA). 
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Virus Titrations 
Mono]ayer cultures of MDCK cells were employed to t i trate infectious virions in 

culture media and cell extracts. The titres were calculated as the 50 per cent tissue 
culture infectious dose (TCIDs0). 

Haemagglutination Assay 
HA assays of culture media and cell extracts were performed as described pre- 

viously (12). 
Haemadsorption Assay 

A 100 ~l aliquot of the fixed cell suspension, containing 2 × 10~ cells was mixed with 
an equal volume of 0.05 per cent chicken erythrocytes in PBS, and incubated at room 
temperature for i hour with occasional shaking. I-taemadsorption was observed under 
a low power objective and was considered positive if 3 or more erythrocytes were 
bound to each MDCK cell. 

A ntisera 
I lyper immune antisera to purified HHK, A/Port  ChMmers/73 (PC) and A/Victoria/75 

(VIC) were raised in rabbits. The rabbits received three multi-site subcutaneous 
injections of 50--200 ~g of virus suspended in Freund's complete adjuvant  5 days 
apart,  followed by a fourth injection of the same dose one month later. They were 
bled 7 days after receiving the last injection. Goat anti-rabbit and goat anti-mouse 
~(-globulins were purchased :from Grand Island Biological Co., New York. The globulin 
fractions were precipitated from the antisera with 35 per cent saturated ammonium 
sulphate and purified by ion exchange chromatography on DEAE-Sephadex A-50 
(Pharmacia, Sweden) equilibrated with 0.01 M Tris-I-IC1 buffer containing 0 .1~  
sodium chloride p i l  8.0. Mouse convalescent antisera were obtained by intranasM 
inoculation of C 3 i l / H e J  mice with a sublethal dose (0.26 HA units) of H K  virus, and 
collecting the sera 30 days ta~er. Sheep anti-rabbit immunoglobulin labelled with 
fluorescein isothiocyanate was purchased from VVellcome Reagents Ltd., England. 

A//inity Ch~'omatographie Separation o] Rabbit Hyperimmune Antibodies to H K  Virus 
Structural Proteins 

Antibodies to the strMn-spccific determinants of I l K  virus haemaggluginin (anti- 
I lA-ST), to the common determinants of haemagglutinin (anti-I-IA-CM), to the 
neuraminidase (anti-NA), and to the internal matrix and nucleoprotein antigens (anti- 
INT) were purified from rabbit hyperimmune an t i -HK y-globulin by differential 
affinity chromatography on cyanogen bromide-activated Sepharose 4B (Pharmaeia, 
Sweden). The technique and the purity of the separated antibody preparations have 
been described previously (30). In brief, purified t IK,  PC and VIC viruses, together with 
influenza strains A/England/42/72, A/South Africa/64 and recombinant A/England/  
72--A/Bel lamy/42 ( i i3N1)  abbreviated as ENG, SA and ENG-BEL respectively, 
were disr~apted with 0.5 per cent sodium deoxyeholate in 0.02 M Tris-ilC1 buffer, 
p i l  8.0. After overnight dialysis at 4°C against 0.1 ~ bicarbonate buffer, pH 9.0, 
containing 0.5 5~ sodium chloride, the disrupted viruses were coupled to cyanogen 
bromide-activated Sepharose 4B. 

Initially, antibodies to I t K  virus were separated from the immunoglobulin fraction 
of the homologous rabbit  antiserum by adsorption to the coupled I l K  virus, the gel 
washed with PBS, and the virus-specific antibodies eluted in 0.17 M glycine-HC1 buffer, 
pH 2.3, containing 0.5 5~ sodium chloride. The eluate was dialysed overnight against 
PBS at p i l  7.2. Antibodies to each of the strueturM proteins of H K  virus were then 
individually separated by cycles of affinity chromatography using heterologous 
disrupted viruses. Thus ant i-HA-ST antibodies were removed by passing the first 
eluate through gels coupled to ENG, PC and VIC viruses which retained antLilA-CM, 
anti-NA and ant i -INT antibodies but  not anti-HA-ST antibodies. The anti-HA-CM, 
anti-NA and ant i - INT antibodie; were eluted with glycine-HC1 buffer at p i l  2.3, 
and after overnight dialysis against PBS, were loaded onto a gel coupled to disrupted 
SA virus, which allowed anti-HA-CM antibodies to pass, but  which retMned anti-NA 
and ant i - INT antibodies. The anti-NA and ant i -INT antibodies were'again eluted with 
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g lyeine- t tCl  buffer, dialysed as before, and loaded onto a final gel coupled to disrupted 
E N G - B E L  virus which re ta ined a n t i - I N T  antibodies,  bu t  al lowed an t i -NA ant ibodies  
to  pass through.  The  a n t i - I N T  ant ibodies  were then  e tu ted  with  gIyeine-I-IC1 buffer. 

Ant ibodies  to the  strain-specific haemagglu t in in  de te rminan ts  of inf luenza PC 
and  VIC strains were also separa ted  f rom thei r  respect ive rabbi t  hype r immune  anti-  
sera, and employed  as controls.  

Fluorescent Antibody Assay 
A t00 Exl a l iquot  of the  fixed cell suspension conta in ing 2 × 105 cells was mixed  

wi th  an equal  vo lume of rabbi t  a n t i - K K  ant i se rum which had been di lu ted to 1:20 
wi th  P B S  conta in ing 0.5 per  cent  BSA. Af ter  incuba t ion  a t  room tempera tu re  for 1 hour 
wi th  occasional  shaking,  the  cells were washed three  t imes  wi th  P B S  conta in ing  0.5 per  
cent  BSA and mixed  wi th  an  equal  vo lume  of sheep an t i - rabbi t  fluorescein conjugate  
di lu ted to 1:30 wi th  PBS.  The cells were incuba ted  and washed as before, moun ted  
in neut ra l  glycerol,  and  observed under  a f luorescent microscope. 

Enzyme.Linlced Immunosorbent Assay (ELISA ) 
The immunoglobu l in  fractions of goat  an t i - rabbi t  and goat  ant i -mouse y-globulins 

were coupled to alkal ine phosphatase  Type  V I I  (Sigma Chemicals,  U.S.A.) by the  
m e t h o d  of ENGVA:LL and  PEtgLMANN (t0). 

Cell extracts and tissue culture media were titrated by ELISA as described pre- 
viously (30). In brief, the wells of a polyvinyl mierotitre plate (Cooke Engineering, 
U.S.A.) were coated with rabbit anti-ilK immunoglobulins diluted to I0 ~zg/ml in 
0.05 ~ carbonate buffer, pH 9.6. Fourfold dilutions of the test specimens diluted in 
PBS containing 0.05 per cent Tween 20 were added to the wells and the plate incubated 
for i hour at 37 ° C. After three washes with 0.05 per cent Tween 20 in 0.85 per cent 
saline, convalescent mouse antibodies to IIK virus were adsorbed to the immobilized 
viral antigens, and the plates incubated for i hour at, 37 ° C. After a further wash, 
50 ~xl of enzyme-linked goat anti-mouse y-globulin was added to the wells, and the 
plate again incubated for I hour at 37 ° C. The plates were then washed with 0.05 per 
cent Tween 20 in 0.85 per cent saline and 50 ~zl of p-nitrophenyl phosphate (Sigma 
Chemicals, U.S.A.) diluted to 3 mg/ml in 0.05 ~ bicarbonate buffer, pil 9.8, containing 
0.00i M magnesium chloride, was added to the wells. The enzyme reaction was allowed 
to proceed for I00 minutes at room temperature, and then stopped by the addition 
of 25 Izl 0.4 M sodium hydroxide. The yellow colour change in the substrate was meas- 
ured by absorbance at OD 400 nm. 

To titrate the cell surface antigens, i00 ~l of the fixed cell suspension containing' 
2 × 10 a M D C K  cells were mixed  wi th  an  equal  vo lume  of ei ther  rabbi t  a n t i - i l K  immune-  
globulins di luted to 8 ~g/ml in P B S  conta in ing  0.5 per  cent  BSA, or af f in i ty  chromato-  
graphical ly  purif ied rabbi t  ant ibodies to each of the  vi r ion s t ructura l  proteins di lu ted 
to 2 txg/ml in PBS.  The  mix tures  were incuba ted  for 1 hour  a t  room tempera tu re  wi th  
occasional shaking, and washed three  t imes wi th  PBS conta ining 0.5 per  cent  BSA. 
The cells were resuspended to 100 ~1, m ixed  with  an equal  vo lume  of enzyme- l inked 
goat  an t i - rabb i t  5,-globulin, and incuba ted  and  washed as above.  The  cells were 
resuspended wi th  50 ~1 of p -n i t rpohenyl  phosphate  di lu ted to 3 m g / m l  in 0.05 
b icarbonate  buffer, p i t  9.8, conta in ing  0.001 ~ magnes ium chloride, and the  enzyme  
react ion al lowed to proceed for t00 minutes .  The  react ion was s topped by the  addi t ion  
of 25 ~10.4 M sodium hydroxide,  and the  yel low colour change of the  substra te  measured  
by absorbanee a t  400 nm.  The E L I S A  ti tres were calculated as the  absorbanee a t  
OD 400 n m  of t he  test  specimen over  the  absorbance of uninfec ted  nega t ive  control  
specimen (P/N ratio). 

Results 

Comparative Assays o/ Viral Antigens and Whole Virions Released /rein HK- 
In/ected 2/IDCK Cells 

F l a s k s  of M D C K  cells i n fec t ed  w i t h  H K  v i rus  were  h a r v e s t e d  a t  va r i ous  in te r -  
va l s  f r o m  2 to  48 hours  a f t e r  in fec t ion ,  a n d  t h e  cu l tu re  m e d i a  a s sayed  for  r e l eased  
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virus particles and antigens by  ELISA, HA and inieetivity. The results are shown 
in Fig. t .  Viral antigens were detected in the medium 8 hours after infection by 
ELISA, the absorbanee at  OD 4=00 nm of the test specimen over the absorbenee 
of an uninfected negative control specimen (P/N ratio) being 1.3. The P/N ratio 
then rose gradually to 2.20 14 hours after infection, and reached a peak of 5.00 
after 24 hours. Virus particles were first identified by HA and infectivity assays 
10 hours after infection, with peak titres of 3.8 × 104 HA units/flask and 2.88 × 104 
TCID50/flask after 24 hours. Infectivi ty titres exhibited a three-fold decrease be- 
tween 24~ and 48 hours after infection, but HA and ELISA titres did not vary  
greatly over this period. 
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Fig, 1. Virus particles and viral antigens released into the culture media during infec- 
tion of MDCK cells, titrated by ELISA (®), haemagglutination (,) and infectivity (.} 

The degree of similarity between the titres obtained by the three assay methods 
for samples harvested at different times from 10 to 24 hours after infection was as- 
sessed by their correlation coefficients (r). The correlation coefficients were found 
to be 0.986 for ELISA to HA, 1.000 for ELISA to infectivity, and 0.987 for HA to 
infectivity. 

Comparative Assays o/ Intracellular Virus and Viral Antigens in In/ected Cell 
Extracts 

Newly synthesized viral antigens were first detected in cell extracts of infected 
MDCK cells 4 hours after infection by solid-phase ELISA using convalescent 
mouse an t i -HK antiserum, the P/N ratio being 2.20 (Fig. 2). The P/N ratio then 
continued to increase to 5.80 24 hours after infection, at  which time extensive 
cytopathie effects were observed in the infected monolayers. HA and infectious 
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virions were first identified 6 hours after in~eetion, and maximum titres of 
2.57 × 103 HA units/flask and 7,68 × 103 TCIDs0/flask respectively were attained 
between 10 and 12 hours after infection. Whereas HA and infectivity titres fell 
significantly between t2 and 24: hours after infection, the ELISA titres continued 
to rise as a measure of the accumulation of the total structurM and non-structurM 
viral proteins in the cells. This continued accumulation was further emphasized 
by the low correlation coefficients with ELISA, which were, for all samples 
titrated from 6 to 48 hours after infection, 0.040 for ELISA:  HA, 0.241 for 
ELISA : infectivity, and 0.855 for HA : infectivity. 
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Fig. 2. Virus particles and viral antigens in extracts of infected MDCK cells, titrated 
by ELISA (®), haemagglutination (•) and infectivity (,) 

Assays o/Celt Sur/ace Antigens 

Uninfected glutaraldehyde-fixed MDCK cells were examined initially by 
ELISA using affinity chromatographieMIy-purified hyperimmune rabbit anti- 
bodies to I-IK virus and to the HA-ST, HA-CM, NA and INT antigens of HK 
virus, and to the HA-ST antigenic determinants of PC and VIC viruses. A weak 
non-specific reaction was observed between the uninfected cells and each of the 
antibody preparations, the average reading for all the antisera at OD 400 nm be- 
ing 0.083 with a standard deviation of 0.024. Uninfected cells were therefore con- 
sidered suitable as controls in ELISA titrations of influenza antigens on the surface 
of infected MDCK cells. 

MDCK cells infeeted with HK virus were harvested at various intervals from 
2 to 48 hours after infection and fixed with 0.1 per cent glutaraldehyde as described 
in materials and methods. The viral antigens exposed on the surface of the in- 
feeted cells were then titrated by ELISA using affinity chromatographically- 
purified hyperimmune rabbit anti-HK antibodies. The results are shown in Fig. 3. 
When antiserum containing antibodies to all the virion structural proteins was 
employed in ELISA, viral antigens were first observed on the surface of cells 
4 hours after infection. The ELISA P/N ratio at this time was 3.71, and it con- 
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tinued to rise thereafter to a peak of 13.86 at  10 hours after infection, and then 
dropped slowly to a ratio of 10.00 at  48 hours. However, if purified ant i - INT 
antibodies were used in ELISA, matrix and/or nucleoprotein antigens were de- 
tected on the cell surface even earlier, a t  2 hours after infection, with an ELISA 
P/N ratio of 3.17. The P/N ratio using ant i - INT antibodies then decreased gradually 
to be undetectable 8 hours after infection. No other viral antigens were observed 
at 2 hours. Haemagglutinin HA-ST and HA-CM determinants appeared on the 
cell surface 4= hours after infection, and reached a plateau 8--10 hours after in- 
fection, the P/N ratios for both determinants being essentially similar over the 
48 hour period. HA-ST antibodies against heterologous virus strains of the same 
subtype, anti-PC HA-ST and anti-VIC HA-ST, only exhibited a weak reaction in 
ELISA against H K  antigens with an average P/N ratio over 48 hours of 1.244-0.21. 
A slight reaction was observed with anti~NA antibodies between 4 and 8 hours 
after infection, with P/N ratios rising from 1.12 to 1.63 but at later times in the 
g r o ~ h  cycle the P/N ratios were similar to the heterologous anti-PC HA-ST and 
anti-VC HA-ST control ratios. The average P/N ratios over 48 hours were 
1.54:j=0.21. However, although low, NA was consistently observed in all experi- 
ments. 
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Fig.  3. V i rus  s t r u c t u r a l  p ro t e in s  on  t h e  sur face  of H K  v i rus - in fec ted  M D C K  cells 
measured by ELISA using anti-HK antiserum (.) ,  anti-HK HA-ST antibodies (A), 
anti-HA-CM antibodies (v), anti-NA antibodies (.), anti-INT antibodies (.), anti-PC 

HA-ST antibodies (a) and anti-VIC HA-ST antibodies (v) 

I f  the glutaraldehyde-fixed cells were stored at  4 ° C, identical ELISA P/N 
ratios could be obtained up to 1 week later, providing considerable flexibility to 
the assay system. 

Immunofluorescence and haemadsorption were employed as comparative as- 
says for the detection of viral antigens on the surface of infected, fixed MI)CK 
cells. The results, depicted as the percentage of cells fluorescing with hyperimmune 
rabbit anti-IlK antibodies, or haemadsorbing with chicken erythrocytes, are shown 
in Fig. 4. Viral antigens were first observed on the surface of a few cells 4 hours 
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after infection by both techniques. The maximum number of cells exhibiting viral 
antigens on their surface was attained 10 hours after infection by immuno- 
fluorescence (85 per cent) and 12 hours after infection by  haemadsorption (84 per 
cent). These results were therefore consistent with those obtained by ELISA, al- 
though the maximum number of cells with viral antigens of their surface occurred 
2 hours later in the less sensitive haemadsorption assay. The correlation coefficients 
for cells harvested from 4 to 48 hours after infection were 0.885 for ELISA : ira- 
munofluorescenee, 0.712 for ELISA:  haemadsorption, and 0.847 for immuno- 
fluorescence : haemadsorption. 
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Fig. 4. Viral  an t igens  on the  surface of H K  vi rus- infec ted  M D C K  cells d e t ec t ed  by 
immunof luorescence  (o) and  ha~emadsorption (.) 

Diseussion 

Previous studies have shown that  ELISA provides an accurate and sensitive 
method for t i trating influenza viral antigens (30) and for measuring the immune 
response to influenza infection in mice (31). This report extends the earlier find- 
ings by describing the use of ELISA in detecting influenza viral antigens on the 
surface of infected cells, in cell extracts, and released into the culture media during 
infection. 

Viral antigens were first detected on the surface of infected cells 4 hours after 
infection by  haemadsorption with chicken erythrocytes and by immunofluores- 
cence and ELISA with a hyperimmune rabbit  antiserum containing antibodies to 
all of the t t K  virion structural proteins. The maximum expression of surface anti- 
gens was attained 10--12 hours after infection as defined by the ELISA P/N 
ratio or by the percentage of cells exhibiting fluorescence or haemadsorption. 
However, despite high pairwisc correlation coefficients, haemadsorption was the 
least sensitive of the three assay systems employed and only provided evidence 
of the presence of HA on the cell surface, whereas ELISA and immunofluorescence 
were also able to measure NA and internal antigens on the cell surface. 

I t  is well established tha t  the two external virion glycoproteins, HA and NA, 
are present on the cell surface as part  of the virus maturat ion process, and can be 



ELISA of Influenza Antigens in Cell Culture 39 

detected by a variety of techniques (23, 24, 29). In addition, recent evidence has 
indicated that  the internal matrix and nucleoprotein antigens may also be ex- 
pressed on the surface of infected cells. Thus matrix antigen has been demon- 
strafed on the surface of infected P 815 cells by cell lysis with anti-matrix antibody 
and complement (5, 6) and by radio-labelled monoelonal anti-matrix antibody 
binding to infected P 815 cells (16), and matrix protein has been precipitated from 
the outer surface of influenza-infected L929 cells with purified anti-matrix anti- 
body (1). Nucleoprotein antigen has been detected on the surface of infected cells 
2 hours after infection by immunofluoreseence (28), but  it could not. be demon- 
strated by cell lysis with anti-nueleoprotein antibody and complement (6). In the 
present study, the expression of individual antigenic determinants was investi- 
gated by ELISA using specific antibody preparations purified by differential af- 
finity chromatography (30). Although no distinction could be made between 
matrix and nueleoprotein antigens, either or both of the two internal proteins 
were shown to be expressed on the cell surface from 2 to 6 hours after infection, 
but  not thereafter. From experiments of cell lysis in the presence of specific anti- 
body and complement (6), and from the results obtained by I~ECIZ~STEI~ et aI. (27) 
in which matrix protein rather than nucleoprotein was exposed on the surface of 
intact and proteolyticaIly-cleaved spikeless particles, it  would appear likely that  
matrix protein rather than nucleoprotein was being expressed. However, the 
highest ELISA P/N ratio wa,s found 2 hours after infection and it then decreased, 
whereas in an earlier s tudy the peak expression of matrix antigen measured by 
antibody and complement-mediated cell lysis occurred 6--7 hours after infection 
(5). The reason for this discrepancy in the time course of expression is unknown, 
but it should be noted that  the type of infection was different in each study; in 
one case it was a productive infection in MDCK cells, and in the other, a non- 
productive infection in P815 mastocytoma cells. 

The relevance of either matrix or nucleoprotein antigens on the surface of in- 
fected cells early in the replication cycle to protection is uncertain: both are type- 
specific and immunogenic. Antibodies to nueleoprotein have frequently been ob- 
served after virus infection and after immunization, but  they did not confer 
protection on subsequent virus challenge (26). Antibodies to matrix protein, how- 
ever, have rarely been detected after either infection or immunization (26, 32), 
and the protective capacity of anti-matrix antibodies raised by immunization 
with purified matrix protein have given conflicting results. Immunization with 
purified matrix protein did not confer protection against clinical disease in ferrets 
(25) or against a lethal infection in mice (4) on subsequent virus challenge, nor 
did it  reduce the severity of lung lesions in mice (32). In contrast, anti-matrix 
antibodies have been shown to neutralize infectivity and to inhibit haemaggIuti- 
nation in vitro (27), and mice immunized with purified matrix protein were able 
to clear challenge virus more rapidly from their lungs than unimmunized control 
animals (32). In the latter study, no reduction in the severity of pneumonia was 
observed in the immunized mice despite the more rapid clearance of virus, and 
furthermore, an increased delayed-type hypersensitivity reaction was demonstrated 
after foot-pad incoulation with purified matrix protein. The authors suggested, 
therefore, tha t  these results were indicative of a cell-mediated response rather 
than a humeral immune response. Of cell-mediated immune responses to influenza 
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infection, eytotoxic T-lymphocytes have engendered the most interest. Two 
populations of eytotoxie T-lymphoeytes are generated by immunization x~dth 
type A influenza viruses ; one population is highly specific for the HA of the virus 
used to immunize, and the other is highly cross-reactive for all type Aviruses (8, 9). 
In some studies, only the former have been reeognised (7, l l ) ,  whereas in other 
studies both populations have been described (8, 9). I t  was generally believed that  
the cross-reactive T-lymphocytes recognised a type-specific antigen on the surface 
of infected target cells, the antigen probably being matrix protein. More recent 
evidence, however, has suggested that  cross-reactive T-lymphocytes may rec- 
ognize a common sequence on HA molecules. Thus cross-reactive T-lymphoeytes 
have been shown to lyse L929 target cells abortively infected with fowl plague 
virus in which matrix protein synthesis is specifically inhibited, and to lyse 
artificial target cells composed of lipid vesicles reconstituted with HA and NA 
but which lacked matrix protein (18). Furthermore, monoclonat antibodies to 
matrix protein, or anti-matrix protein antibody from hyperimmunized rabbits, 
did not block lysis of target cells by cross-reactive T-lymphocytes either alone or 
in combination with anti-H-2 monoclonal antibodies (t7), and some anti-IIA 
monoelonal antibodies (but not all) were able to act synergistically with anti-H-2 
monoclona] antibodies to inhibit lysis by cross-reactive T-lymphoeytes (2). How- 
ever, Mthough these results suggest tha t  cross-reactive T-lymphocytes recog~ise 
a common determinant on HA rather than matrix protein, they do not preclude 
the presence of a separate subpopulation of cells specific for matrix protein. In- 
deed the results of KoszixowsKi et at. (18) with reconstituted lipid vesicles and 
with the abortive foM plague infection reflected a negative specificity for matrix 
protein because of its exclusion. The experiments with anti-INT antibodies in the 
present communication, together with the sensitivity of ELISA (20, 30), suggest 
that  the expression of matrix protein on the surface of productively infected eelIs, 
if it is the antigen detected by anti-INT antibodies, may be inversely related to 
the expression of HA. Thus maximum expression occurred 2 hours after infection 
and then decreased, whereas HA was first observed 4 hours after infection and it 
increased thereafter. In an abortive infection in P815 cells, the ratio of HA to 
matrix was 100:1 by 16 hours after infection (17). I t  would be of interest, there- 
fore, to determine whether cross-reactive T-lymphoc}~es exhibit any cytolytie 
activity to target eells during the first 3 hours after infection, or to glutaraldehyde- 
fixed target cells after proteolytie removal of the glyeoprotein peplomers. 

H K  virus HA-ST and I-IA-CM determinants were found to be expressed on the 
cell-surface from 4 hours after infection, and the ELISA P/N ratios reached a peak 
8--10 hours after infection. Similar ELISA P/N ratios were observed for both 
determinants. Anti-VIC HA-ST and anti-PC HA-ST antibodies were included as 
a second control; but  ELISA titres were not significantly different to the unin- 
fected cell control. The second external virion glycoprotein, NA, was detected at 
low levels between 4 and 8 hours after infection in all experiments. I t  is uncertain 
whether the low level of detection was due to steric hindrance imposed by the HA 
peplomers on the anti-NA antibodies, to low avidity of the anti-NA antibodies, or 
to a significant degree of antigenic drift between H K  virus and the A/South 
Africa/64 (H2N2) strain employed in the differential affinity chromatographic 
separation (30). 
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The results of comparative assays on cell extracts harvested at various times 
after infection indicated tha t  virion structural proteins continue to be accumulated 
in the cell even after most progeny particles have matured. Moreover, the high 
correlation coefficients between infectivity, haemagglutination and ELISA of 
virus particles and antigens released into the culture media strongly suggest tha t  
only complete virus particles are released, and very little leakage of individual 
antigens occurred, even from dead cells. 

ELISA has also been successfully employed to detect other cell-associated 
viral antigens, including rabies virus in brain tissue (3) and feline oncornavirus- 
associated cell membrane antigen in FL74~ cells (22). In  the lat ter  study, the 
ELISA titres showed a close correlation in sensitivity with indirect fluorescence 
tests, but had the added advantage of being quanti tat ive rather  than  qualitative. 
The results presented in this report, together with those using other viruses (3, 19, 
22) suggest tha t  ELISA is a potentially useful technique for the detection of 
specific virus infections in tissue culture, and as a tool for rapid virus diagnosis. 
Problems have been encountered using peroxidase rather  than alkaline phos- 
phatase as the enzyme in ELISA due to endogenous peroxidase in clinical material 
(13), but no evidence of non.specific staining was observed in this study, probably 
because the cells had been fixed initially with glutaraldehyde. We believe, there- 
fore, tha t  this s tudy has demonstrated tha t  ELISA can be employed as a rapid 
technique to detect and to distinguish subtype specificity of influenza A virus in 
tissue culture, and can potentially be applied to other viruses with cell surface- 
associated antigens. Moreover, the use of glutara.ldehyde-fixation allows consider- 
able flexibility in the timing of the assay and may  prove suitable for viral diagnosis 
at  a distance. 
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