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Introduction 

I t  is now nine years since KOtILER and MILSTEIN (65) first produced 
hybridoma cell 5nes secreting monoelonal antibodies (MAb) of a predefined 
specificity. In 1977/78, KOPROWSKI and co-workers (36, 67, 1.25) pioneered 
the production of MAb against viruses and viral antigens. MAb have  now 
been produced against representative members of most taxonomic virus 
groups. This subject has been adequately reviewed elsewhere (18, 98, 126, 
127, 130) and it is not the intention of this article to elaborate along these 
lines. Instead, certain implications of the use of MAb in virology which are 
directly related to the interaction of antibody with virus and the result of 
that  reaction will be introduced and discussed. The major areas for discussion 
will be 1. valency of the MAb; 2. virus neutralisation by  the MAb; 3. in 
vivo functions of MAb; 4. affinity, specificity- and paratope/epitope inter- 
actions with MAb; and 5. idiotopes (Id) and Id-anti Id interactions. These 
are the fields of s tudy which are of relevance to the immunological defence 
mechanisms in rive, and as such can provide information which may  be of 
use in the control of virus infection. Other areas, such as epitope identifi- 
cation and topographical mapping, and antigenic modulation can, in turn, 
be related to that  virus-antibody reaction and the immune response against 
the virus. 

MAb have also been used preparatively, for instance in affinity chromato- 
graphy, i t  is not intended to review this topic here since generalisations of 
the procedure are impractical, and it should be left to the individual to 
determine whether or not a particular MAb can be so used. One other large 
area of application of NAb in virology has been in diagnosis/epidemiology/ 
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strain differentiation. These topics require a separate review, which has 
been suitably presented by other authors, such as OXFOgt) (98), YOLKEN 
(128) and CAR~E~ and T]~a M]sUt~E~ (18). 

The objective of this article is to present data  obtained using MAb which 
can be of use in the study of immunological prot.ection against virus infection. 
Selected articles wilt be discussed in detail where they have provided 
substantial new information in this area, and possible implications of this 
work for virologieM studies will be proposed. 

Valeney of MAb 

Myeloma cells (MC) fuse preferentially with B lymphocytes and lympho- 
blasts (66) and can enhance the capacity of these leucocytes to secrete 
antibody (89). The MC can also influence the B cell genes at the phenotypic 
level, as a consequence of the secretory characteristics of the MC. This will 
determine the valency and hence affinity of the subsequently produced 
antibody for a particular epitope. The valency of an antibody refers to the 
number of sites on the molecule which can bind to antigen. An antibody 
molecule consists of two heavy and two light chains which combine through 
disulphide bridges to form a single Fc region and two Fab regions (see Figs. 1, 
3 and 9). At the end of the Fab region furthest from the Fc is the paratope 
(Fig. 1) or antigen-binding site. If each Fab has an identical paratope, the 
antibody is bivalent in reactivity for the homologous antigen; if the Fab 
have different paratopes, the antibody is monovalent (Fig. 1). 

Table 1 shows the MC lines in most common use today. (The human MC 
shown are an example of the apparently stable lines reported. The influence 
they have over the antibody production of a hybridoma is similar to tha t  
of mouse MC lines.) With hybridomas between an antigen-specific splenocyte 
secreting a heavy (H) and light (L) chain, and the X63 MC which can 
secrete the MOPC21 heavy (,() and light (×) chains it  is theoretically possible 
to have secretion of both splenoeyte and MC Ig chains, either as separate 

Table t. 2¢Tyetoma cell lines currently in use with hybridoma technology, 
and their characteristics o] antibody heavy chain (y) and light chain (k) synthesis 

Cell line AnimM source Synthesis Secretion 

P3-X63Ag8 (X63) Balb/e mouse yik ylk 
t)3-NSI/1-Ag4.1 (NS t) Balb/c mouse k -- 
P3-X63-Ag8.653 (NS 653) Balb/c mouse -- -- 
SP 2/0-Ag 14 (SP 2/0) Balb/e mouse -- -- 
NSO/u Balb/e mouse -- -- 
Y3-Ag 1.2.3 (Y3) Rat k k 
YB 2/3.0Ag0 (YB 2) :Rat -- -- 

GM 1500 6TG-A 11 Human y2k 72k 
GM 1500 6TG-A 12 tIuman y2k y2k 
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entities or as recombinant molecules. Assuming random distribution laws 
apply, the various reeombinan~ molecules which could arise and their 
relative frequencies are shown in Tables 2 and 3. As can be. seen, the hybridoma 
cells have a higher probability of producing monovMent than bivalent 
antigen-specific antibody molecules. 

Table 2. Possible recombinant Ab molecules in hybridomas o/ splenocytes and the P 3- 
X 63-Ag 8 myeloma cell line, assuming random distribution, and equivalent likelihood o] 

both homologous and heterologous heavy chain and light chain re-assortment 

Frequency Ab chains Valency Ag-Specifie 

1/36 H2L2 2 -~ 
tI2Lk 

H2Lk } 
16/36 ? HyL2 t + 

? HyLk (HLyk) 

I 
y2Lk 1 

19/36 y~L2 2 -- 
? 1~ yk2 1 
? HyLk (HkyL) 1 

H, L represent splenocyte heavy and light chains respectively 
y, k represent X 63 heavy and light chains respectively 

Table 3. Comparative secretory potential oJ hybridoma cultures and autologous splenocytes 
in Jerne haemolytic plaque-]orming cell assays/or both antigen-speei]ie antibody and total 

immunoglobulin 

% Cells secreting 
Source of Ig Ig that Ig 

Hyperimmune spleen Ag-Specific 1 
Hybridomas Ag-Speeifie 10 
Hyperimmune spleen All specifieities 5 
Hybridomas All speeifieities 25--90 

a Depending on the source of spleen cells and line of myeloma cells used 

This can be seen more clearly with the recombinant molecules from 
hybridomas produced using antigen-specific splenoeytes emd the NS 1 MC 
line (Fig. 1). Since NS1 cells synthesise but  do not secrete a MOPC21 × 
(light) chain, this × chain will only be found in culture supernatants as 
par t  of a hybrid Ig molecule. Assuming random distribution, 25 per cent of 
the antigen-specific MAb produced from such a fusion will be bivMent 
molecules (i.e. they will have the "splenocyte phenotype" H~L2). In  
contrast 50 per cent of the antigen-specific MAb will be monovalent (H2×L 
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phenotype). The remaining 25 per cent of such MAb will be non-reactive 
against the relevant antigen since both heavy chains will be in association 
with MC-specified × chains (H2z2 phenotype). 

Ig-secreting spicy te X NS I 

,,] 

k s  H k H H L L L 

H2k 2 H2kL H2L 2 
non- reactive monovelent (~) bivatent ( ~ ) 

25% 50% 25% 

-~ = reactive paratope 

= Ab phenotype 

= paratope activi ty 
= % hybr idomas 

(HkE genotype) 

Fig. 1. Antibody synthesis by hybridomas utilising NS 1 myeloma cells as a parent. 
The theoretical distribution of antibody phenotypes from hybridomas formed beSween 
splenocytes (Sp/eytes) synthesising a heavy "H"  chain and a light "L" chain, and 
NS 1 cells synthesising a light "k" chain. * the paratope formed between the H and 

L chains which is reactive against, the immunising antigen 

Both bivalent and monovalent MAb can therefore be used to determine 
the characteristics of antibody reaction with particular epitopes. That  is, 
they can be used to study the mechanisms of virus neutralisation (in the 
presence or absence of complement), in vivo passive protection against virus 
challenge, and the relative affinity of the MAb-virus interaction. Conclusions 
drawn from work with MAb must therefore take into consideration the 
different immunochemicat properties of monovalent and bivalent antibodies 
(reviewed by MAsDt:L, 76). 

Virus Neutralisation by MAb 

The various mechanisms by which antibody could directly or indirectly 
effect in vitro neutralisation of virus infectivity have been extensively 
reviewed by MANDEI~ (76, 77), Coor~R (21), OLnsTo~E (93, 94), SISSO~CS 
and OLDSTO~E (112) and ])ISISIOCK (27). In  his review, D•IMOCK also 
discusses the data reported on virus neutralisation using MAb. MANUEL 
proposed several mechanisms of neutralisation (intrinsic, extrinsic and 
pseudoneutralisation), but  DIM~IOCK simplified the picture by considering 
virus neutralisation as an inhibition of either adsorption, penetration, or 
a post-penetration step. Depending on the antibody, virus or celt system 
used, different authors have reported neutralisation through the inhibition 
of one of these processes. Inhibition of adsorption may be through the binding 
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Fig. 2. Analysis of radioactive counts associated with the fractions from sucrose 
density gradients (85) of 35S-methionine labelled foot-and-mouth disease virus (whole 

virions- 146S antigen) before (a) and after (b~) reaction with neutralising concen- 
trations (b--d) and non-neutralising concentrations (e) of MAb. a, Virus alone; b virus 
@ 10 -I dilution of MAb; c virus @ I0 -e dilution of MAb; d virus @ 10 -3 dilution of 

MAb; e virus -}- 10 -4 dilution of MAb. • epm; X antibody concentration (A492 from 
sandwich ELISA for determining antibody concentration) 
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of antibody at or near the cell attachment site on the virus; "bridging" of 
this cell binding site through the MAb reacting with epitopes on either side 
of it; saturation (envelopment) of the virion surface by antibody; aggregation 
of virus particles to form virus/antibody complexes. Monovalent and bivalent 
MAb should help to discriminate these mechanisms since only the bivalent 
molecules can neutralise by  "bridging" or aggregation of virus particles. 
Dil~I3IOCK (27) has reviewed the evidence concerning the relative efficacy 
of complete antibody molecules and their Fab fragments in the neutralisation 
of influenza virus and poliovirus infectivity. 

Both polyelonal antisera (reviewed by MANDEL, 76, 77) and MAb (5, 
30, 42, 62, 85) can neutralise virus through an inhibition 'of adsorption to 
susceptible cells. Whether or not this neutra]isation was due to direct or 
indirect blocking of the cell binding site on the virus is unclear. Only the 
relationship of aggregation of virus particles to neutralisation has been 
studied in any detail (i, 2, 7, 46, 69, 95, 124). BRIoE~ et al. (12) related the 
size of poliovirus/MAb complexes to the efficiency of neutralisation, and 
BAXT et al. (5) showed that MAb which neutralised foot-and-mouth disease 
virus (FMDV) also aggregated virions. However, aggregation of virus by 
MAb will not always prevent, infection of the cell (see DDIMOCK, 27). For 
example aggregation of FMDV by MAb could not always be related to 
neutralisation (5). In fact, work by McCuLLouG~I and co-workers (85) has 
shown that MAb can neutralise FMDV without a requirement for aggre- 
gation (Fig. 2). The figure shows sucrose density gradient profiles of 3.sS- 
methionine labelled FMDV before and after reaction with a MAb --~ 4 C 9 -- 
at neutralising (b--d) and non-neutralising (e) concentrations. Substantial 
aggregation of virions was found at the 10 -a dilution of antibody, but  at  
the 10 -i  dilution the majority of neutralised virus antigen and MAb was 
in small complexes which sedimented in a similar position to unreaeted 
virus. 

MAb can also inhibit virus replication at a post-penetration stage (27). 
This may  be reflecting antibody-induced conformationM changes in the 
virus. With influenza viruses, such changes are induced; the neutralisation 
being related to an impairment of transcription. But  the work with polio- 
virus suggests that  different MAb can neutralise virus by  different mecha- 
nisms, or a single MAb can neutralise by a number of alternative procedures. 

I c ~ o m ~  et al. (48), using the experimental design shown in Fig. 3 
demonstrated that  five-times more Fab fragments than complete 7 S IgG 
molecules were required to neutralise poliovirus. The authors related cross- 
linking of the virus by  antibody to neutralisation. However, in a MAb/ 
ueutralised virus mixture, only a portion of the virus was aggregated. 
Furthermore, the 3.5S Fab fragments (which cannot cross-link virions) 
neutralised virus, albeit less efficiently. From this, it is possible that  the 
neutralisation was also effected by  antibody-induced eonformational changes 
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in the virus and the reduced efficacy of Fab fragments compared with 7 S 
antibody was due to the lower affinity of the former. [PmLirso~¢ and 
BE~NIC~ (100) showed that  the induction of conformational changes in 
viruses was more efficient, with bivalent antibody than with the monovalent 
3.5 S fragment.] 

wR 

age 
point 

O, shaded area 

(2x)Fab 

4- 

Fc 

= pctr atope 
(epitope.binding site 
or deft) 

Fig. 3. Effect of papain treatment, on a MAb after reaction with viz~as. 0 paratope on 

the line oh'awing of the MAb. Shaded area, paratope on the domain drawing of the 

MAb. V, C represent the variable and constant domains, respectively, of the MAb 

ElgINI et al. (30) demonstrated that  some of their MAb neutralised 
poliovirus by  inhibiting adsorption, whereas others inhibited virus RNA 
synthesis with little effect on adsorption. A number of their MAb neutralised 
some of the particles in a virus preparation by  inhibiting adsorption, and 
neutralised other particles by  inhibiting a post-penetration stage. In all 
cases, antibody-induced conformational changes in the virus were detected. 
Thus, MAb can neutralise poliovirus by  aggregating virus particles, bridging 
or destroying the conformation of epitopes essential for adsorption of virus 
to host cells, and inhibiting a post-penetration stage of virus replication 
through the induction of eonformational changes in the virion. Different 
MAb do not always neutralise by  the same mechanism, but  at least some 
of the MAb can use more than one procedure. 

We have also shown that  MAb against FMDV can inhibit either ad- 
sorption or a post-penetration event, bu t  perhaps the most significant 
observation was the mechanism of neutralisation by  a MAb which reaeted 
in the centre of each virion face (85). The antibody induced eonforrnational 
alterations in the virus such that  they lost their RNA genome and appeared 
as "empty particles" under the electron microscope (Fig. 4). This neutrali- 
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sation was irreversible, which is a contrast to some of the work cited by 
CooPE~ (2i) on virus neutratisation by polyelonal antisera. I t  is possible, 
therefore, that  irreversible virus neutralisation by antibody requires the 
induction of eonformationaI changes such as those in Fig. 4. 

Synergistic reactions between MAb can also result in the neutralisation 
of virus infectivity. This has been reported using bovine leukemia virus (14), 
influenza A virus (75), hepatitis Be antigen (49), VSV (122), Sindbis virus 
(20), and La Crosse virus (62). KINGSFORD et al. (63) also reported tha t  non- 
neutralising MAb against La Crosse virus enhanced the binding of neutralising 
antibody. These examples may represent conformational changes induced by 
one MAb altering epitope expression by the virus so that  the second MAb 
binds or neutralises more efficiently (reviewed by DI~OCK, 27). A relation- 
ship between the reactivity of MAb and induced eonformational alterations 
in the virus has been shown by AL I~OUDALLAL et al. (3) with tobacco mosaic 
virus and McCuLLotTGH et al. (82, 83) with foot-and-mouth disease virus. 
Since synergistic reactions between antibodies will probably occur in an 
antiserum, MAb may permit closer scrutiny of these reactions, and their 
influence on both in vitro and in vivo effects of antibody on virus . 

In addition to demonstrating different mechanisms of neutratisation, 
MAb have also identified distinct epitopes on several viruses. Using 
competition studies between MAb to determine the relatedness of the 
epitopes with which they react, distinct neutralisable epitopes have been 
identified on mouse mammary tumor virus (78), bovine leukemia virus (15), 
herpes simplex virus (t03), VSV (122), feline leukemia virus (40), La Crosse 
virus (62, 63), rabies virus (70), Sindbis virus (109), routine hepatitis virus 
(16), Coxsaekie virus (17), Newcastle disease virus (50) and FMDV (83). 
Differentiation of neutralisable epitopes has also been attempted by com- 
paring the reactivity of MAb against different strains of the appropriate 
virus (30, 51). Some viruses have been found to carry only a single neutralisable 
epitope on their virions (t0~). The identification and topology of neutralisable 
and non-neutralisable epitopes on viruses using MAb has been reviewed in 
detail by C A ~  and T~R M:EVL~Z~ (18) and POLLOCK et al. (101). Some of 
these epitopes have been related to maturation events in virus assembly 
(for example, 29, 80). 

In summary, MAb (both monovalent and bivalent) have revealed 
considerable information about virus neutralisation at the single molecule 

Fig. 4. Electron mierographs of foot-and-mouth disease virus before (a) and after (b) 
neutrMisation of infectivity by MAb 4 C 9. Thir W ~g purified infectious virus ( 146 S) 
were incubated with a 10 .2 dilution of MAb, which inhibited > 99 per cent plaque 
formation, for t hour at 37 ° C. The mixture was then applied to thin film grids, 
stained with phospho-tungstie acid, and viewed under an eleetron microscope as 

described elsewhere (85) 
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level. I t  is apparent tha t  neutralisation can be effected through the inhibition 
of either virus adsorption or a post-penetration event. Also, antibodies 
derived from different fusions will not neccesarily produce similar results 
to one another since the ability of 7S IgG, F(ab')2 and Fab fragments to 
neutralise herpesvirus varied with the time after immunisation at which 
the IgG was obtained (111). I t  remains to be determined if each mechanism 
of virus neutralisation has equivalent relevance in vivo. In  fact, antibody- 
mediated inhibition of virus replication may be of secondary importance 
to the immunologieal defence mechanisms which at tack antibody/virus 
complexes - -  complement-mediated functions, opsonisation and antibody- 
dependent cellular cytoxieity (ADCC) reactions. To study these immune 
processes, the MAb must have an Fe moiety. Within this region of the 
antibody molecule lie the sites for complement (C') activation and Fe 
receptor-bearing (FoR +) cell binding (required for opsonisation and ADCC). 
Both monovalent and bivalent reactions could again be compared, but for 
the former, MAb derived from the appropriate hybridomas of NS I myeloma 
cell parentage would be required. These would retain the Fc moiety (unlike 
the Fab fragments generated by, for example, IC~:~¢OGLE et al. 48), and would 
not have been subject to enzyme digestion. 

Tile Influence of Complement on Neutralisafion of Viruses by MAb 

There are two pathways for the activation of complement - -  the classical 
pathway and the alternative pathway. The function of these in humoral 
immunity  against viruses has been reviewed by CooPER (21), OLDSTO~E 
and LAmbERT (97), SISSONS and OLDSTO~E (112). The activation of the full 
complement cascade results in membrane at tack (a typical example of this 
is shown by HLTMPHREY and WmT~, 47). This can effect irreversible damage 
to either the envelope of enveloped viruses (93, 97, i t2)  or the plasma 
membrane of virus infected cells in which virM proteins or infection-asso- 
ciated proteins have been inserted. However, complement-effected lysis will 
not necessarily follow from complement activation. Firstly, if antibody 
reacts with an epitope near the extremity of prominent surface projections 
on the virus the activated C4b, C3b or C5b component of the complement 
cascade may  lose its ability to bind to the membrane before it can diffuse 
from the  site of activation (MAb-epitope interaction) to the membrane (2i). 
Secondly, complement-mediated membrane damage may occur but fail to 
produce lysis if the antibody binds to low density epitopes on the virus or 
infected cell. If this density is too low, the cell can recover and repair the 
damage. Finally, antibody may fail to activate complement if the ratio of 
antibody: antigen is too low to overcome the natural  inhibitory factors 
present in serum (21, 45). The failure of antibody to activate complement 
mediated lysis may  be masked in polyclonM antisera by the effective 
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ant ibody populations present. This would not, be the case when using the 
appropriate MAb. 

Complement can also neutralise infectious complexes of virus and 
antibody, or enhance neutralisation by  the antibody, without activation of 
the full cascade (Fig. 5). With the majority of viruses studied, complement- 
enhanced virus neutralisation (first demonstrated with vaccinia virus by  
GORDON, 39) and complement-dependent immune defence in vitro and in 

vivo is effected mainly by  the alternative pathway (21, 76, 77,112) although 
there are exceptions in which the elassicM pathway is dominant, e.g. 
African swine fever (92). 

Complement-enhanced virus neutratisation by  MAb has been reported 
by  FORGHA~'I et al. (32), R~CTOR et al. (103), HOLLAND et al. (43), KIMURA- 
KIZRODA and YAsv-I (61) and RI:SSELL et al. (i06). Since certain MAb will 
only neutralise virus in the presence of complement (32, 43, 61) it is possible 
tha t  such MAb alone cannot induce sufficient conformational changes in 
the virus to effect neutralisation. 

Complement can also also enhance or effect virus neutralisation by  
envelopment of the virus or aggregation of virus-antibody complexes. I t  
probably inhibits virus adsorption/penetration by  sterie interference (6, 25, 
9.5, 123, 124). Conversely, complement can solubilise virus/antibody com- 
plexes (88). BRIO~- et al. (12) have reported that  the infectiousness of their 
MAb/poliovirus complexes decreased with size of the complex. However, 
WALLIS and M~:L~ICK (124) noted that  the virus in their HSV-antibody 
complexes was not neutralised but  was behaving as a single infectious unit 
due to the aggregation (infectious complex). If a MAb aggregated virus to 
produce infectious immune complexes (decreased the virus infectivity titre 
as measured in vitro) such complexes could be reduced in size by  complement 
solubilisation in vivo, and the ~:irus infectivity titre increased. Since the 
MAb/virus complex had remMned infectious, the MAb alone cannot be 

Table 4. Comparison of the capacity o~ anti-Oi Switzerland 1965 ~I~IDV monoelonal 
antibodies to neutralise virus in/ectivity in vitro and passively protect 5--6 day old 
Balb/c mice against subsequent virus challenge, using/ive di]]erent tZMD V type O1 iso- 
lates/tom dl/]erent geographical regions o] Great Britain at the time o/the 1967 epizootie 

Number of mice protected/number inoculated 
(llo virus neutrMisation titre of MAb in vitro) using the isolates 

Oi BFS Oi BFS Oi BFS Oi BFS Oi BFS 
~¢IAb 1781 t810 1837 1848 1860 

B2 14/~4 (5.5) 0/8 (0) 10/10 (5.0) 12/13 (4.8) 10/10 (5.5) 
1c6 13/13 (3.5) 7/7 (3.0) 9/9 (3.5) 5/15 (2.5) 10/10 (3.8) 
3c8 0/13 (1.0) 6/8 (5.5) 9/9 (5.5) 13/13 (5.0) 9/9 (6.0) 
4c9 0/13 (3.5) 7/7 (5.5) 8/8 (6.2) 13/14 (6.0) 10/10 (6.0) 
D9 12/14(4.0) 1/8 (0) 7/8 (4.5) 12/13(4.0) 9/9 (4.8) 
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considered an in vivo protective agent. BVC~MmE~ et al. (16) with murine 
hepatitis virus and McCvLLOUGE et al. (84) with FMDV identified MAb 
which would neutralise virus in vitro but not protect against virus challenge 
in vivo (Table 4). This is in contrast to antibody which can neutralise virus 
infectivity per se, and thus be effective both in vitro and in vivo (4, 71, 73, 
79, 84, 103, 108, 110, 118). However, such antibodies can have a much 
higher neutralisation (protection) titre in vivo than in vitro which cannot 
be related solely to complement enhancement (84). This exemplifies the 
importance of antibody-dependent leukocyte-mediated neutralisation of 
viruses in vivo (opsonisation, antibody-dependent cellular cytotoxicity). 

Leukocyte-Mediated Virus Neutralisation in vivo (Fig. 5) 

When an antibody forms a complex with virus (opsonises), this can be 
phagocytosed by leukocytes in vivo. The antibody does not have to neutralise 
virus infectivity for opsonisation to be effective (unless the virus can replicate 
in the leukocytes). Similarly, the antibody does not have to activate com- 
plement to effect in vivo protection against a virus. In fact, not all IgG 
isotypes will fix (activate) complement, and there is a time dependence for 
the appearance after infection of complement-dependent virus-neutralising 
antibody. Generally speaking, the order of complement-dependence is that  
early IgM is the most complement-dependent, followed by late IgM, and 
then early IgG, while late IgG is often complement-independent (117, 119, 
129, 130, 131, 132). Phagocytosis is effected through the Fc receptor (for 
Ag/Ab complexes) and the C3b receptor (for antigen/antibody/complement 
complexes) of mononuclear phagocytes and polymorphs. The complex is 
bound by the appropriate receptor, phagocytosed and the antigen degraded 

Ag-MAb conformationa[ - "neutra[ isat ion" 
changes in Ag 

Conformational "neutra - Ag-MAb " Fc of C' - " 
MAb changes t isat ion" 

Ag-MAb ,, Fc of FCR + phagocytes ~ opsonisation 
MAb polymorphs 

Infected ~ V i r a [  MAb Fc of tc~R + tymphoeytes (human) 
ceil / T  Ag " " MAb po[ymorphs (domestic 

/,,.._ J animals) 
LYSIS 

fnfected ~ V i r a l  MAb F c o f  C' C3b [ymphocytes 
cell / - -  Ag " MAb ~ C3b R+ polymorphs 

/..._ 
LYSIS 

Fig. 5. Comparison of the effector pathways of virus neutralisation through MAb- 
induced conformationa] changes, C'-enhanced MAb-induced conformational changes, 
opsonisa~ion (virus-MAb or virus-MAb-C' complexes), antibody-dependent cellular 

eytotoxiei~y (ADCC), and C'-enhaneed ADCC 
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enzymatically (Fig. 5). However, Ag/Ab complexes can effect other immuno- 
logical pathways. The follicular dendritic cells (FDC) retain Ag/Ab or Ag/ 
Ab/complement complexes within the germinal centres of secondary lymph- 
oid organs, and present the complexes to the resident B cells and T helper 
cells (64), apparently resulting in memory cell development. In contrast, 
the Fe receptor on B lymphocytes may be involved in a negative regulatory 
feedback mechanism effected by Ag/Ab complexes bridging the Ig-like 
antigen receptor and the Fcl~, thus inhibiting B lymphocyte differentiation 
(114, 115, 116). 

Opsonisation phenomena are immune defences against cell-free virus, 
bacteria or other parasites eompIexed with antibody (±  complement). 
Leukocytes can also attack virus infected cells by a process equivMent to 
opsonisation and termed antibody-dependent cellular cytotoxicity (ADCC) 
and complement-enhanced ADCC (pathways 4 and 5, Fig. 5). Antibody, or 
antibody plus complement, may neutrMise virus infectivity but be ineffective 
against infected cells as sources of infectious virus. Antibody alone cannot 
destroy virus-infected cells, while complement-mediated lysis requires a 
minimum density of antibody on the cell membrane. In contrast the FoR+ 
leukocytes can react with antibody or C3b bound to infected cells through 
their FeI~ or C3bl~ respectively, and thus mediate lysis ("neutralisation") 
of the infected cells. The major effeetors of ADCC have been shown to be 
lymphoeytes (humans), monocytes (rodents) or polymorphs and macro- 
phages (domestic animals). 

Therefore, an antibody which does not neutrMise virus in vitro may 
still afford protection in vivo (4, 9, 22, 71, 84, 103, 108). Such antibodies 
have provided evidence of the relative roles of the different in vivo immune 
defence processes. For example, t~ECTOR et al. (103) showed that one of four 
anti-HSV 1 MAb passively protected mice, neutrMised virus in vitro, both 
in the presence and absence of complement, and was effective in ADCC 
and complement-mediated lysis of infected cells. This antibody probably 
protects by neutralising virus infectivity, opsonisation, ADCC and com- 
plement-mediated lysis. A second arid third MAb neutrMised virus poorly 
or not at all in vitro, but did protect mice and had high titres in ADCC 
assays. The addition of complement had no effect on the in vitro neutrMisation 
titre, nor could eomplement-mediated lysis of infected cells be induced. 
Thus, in vivo protection by these MAb was probably due to opsonisation 
and ADCC, The fourth 1~4b also passively protected mice but did not 
neutralise virus in vitro (with or without complement), and was ineffective 
in either ADCC or complement mediated cytolysis. Protection by this 
antibody may involve opsonisation, complement-enhanced ADCC, or the 
requirement for more than one compartment of the immune system. 

Further insight into the efficiency of opsonisation of virus and subsequent 
enhanced phagocytosis has come from work with MAb against FMDV (84). 
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Table 5. Comparison o/ the capacity o] whole molecules and F (ab')2 ]raiments o/ant i -01 
Switzerland 1965 FIvlD V M A b  to neutralise virus in]eetivity in vitro (microneutralisation 
test on B H K  cell monolayers [23, 24]) and to neutralise virus pathogenicity in vivo 
(passive protection assay in neonatal mice [23, 81]) in pre]ormed complexes o] M A b  

with homologous virus 

110 in  vitro neutralisation 
~itre (in presence of 110 in  vivo protection 

complement) t i t re  

MAb IgG F (ab')2 IgG F (ab')2 

B2 5.5 5.0 8.0 4.5 
D9 4.8 4.5 7.5 4.5 
1C6 3.1 3.0 6.1 3.0 
4C9 4.8 5.0 7.5 4.8 
3C8 5.5 5.0 8.0 4.5 

The challenge of 5 to 6 day old Balb/e mice with pre-formed complexes of 
MAb and homologous virus revealed a I00 to 1,000-fold increase in the 
capacity of the antibody to "neutralise" virus infectivity over in vitro assays 
(Table 5). When F(ab')2 fragments of the antibodies were used, no in vivo 
enhancement of "neutralisation" was seen. The capacity of peritoneal 
exudate adherent cells to phagocytose virus (Fig. 6) was enhanced when 
the virus was opsonised with dilutions of MAb which could not neutrMise 
virus infectivity by in vitro assays, but could prevent pathogenesis of the 
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Fig. 6. Uptake by Balb/c mouse peritoneal exudate adherent cells of aH-uridine 
labelled FMDV 146S antigen (whole virus) either alone or after complexing with 
dilutions of MAb which did not neutralise virus infectivity in an in  vitro assay, but  
did passively protect mice from challenge with pre-formed complexes of MAb and 

virus. The uptake is expressed as a percentage of the total  counts added 
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virus in infectious immune complexes inoculated into 5 to 6 day old Balb/c 
mice. This effect was again abrogated by removal of the Fc moiety of the 
antibody. The results demonstrate that while neutrMisation of virus in- 
fectivity by the MAb is an important immunological defence, opsonisation 
and enhanced phagocytosis in the absence of virus neutrMisation is probably 
the major defence mechanism (ADCC, NK and CTL activities are inoperative 
against this virus). With viruses such as the flaviviruses and Aujeszky's 
disease virus which can replicate in monocytes, the opsonisation of the 
virus would also have to result in the neutralisation of its infectivity; 
phagocytosis of opsonised, non-neutrMised virus would propagate the infec- 
tion as opposed to destroying it. 

MAb can therefore be used to determine which epitopes on the virus 
are related to in vivo protection, and what mechanisms of protection are 
effective. MAb can however show variation in affinity of binding with 
epitopes, and conclusions about the relevance of particular antibody/ 
epitope reactions in a protective response require a knowledge of such 
affinities. This is also necessary for the interpretation of studies into the 
mechanisms of in vitro virus neutrMisation. 

Affinity and Specificity of MAb 

The affinity and specificity of a MAb is dependent on the genotype 
and phenotype of the B lymphocyte from which the hybridoma was derived. 
A B cell population which has been recently stimulated by antigen willprobably 
give rise to a MAb of lower affinity than a B lymphocyte population which 
has been stimulated by repeated immunizations. Furthermore, antibody- 
secreting hybridomas can apparently be produced from resting B lymphocytes 
(see the review by MIZSTSI~, 89 and Table 3). However, neither the antigen- 
reactivity nor the affinity for a particular epitope of a series of MAb can 
be directly related to an autologous antiserum (the antiserum from the mice 
which donated their spleens for the fusion). 

i) Antigen-Reactivity o/ MAb and Autologous Antisera 

MAb derived from a particular fusion may not have the immunochemical 
properties of the autologous antiserum because such MAb cannot represent 
the whole antibody population of that autologous antiserum. Neither are 
the hybridomas produced representative, genotypically and phenotypically, 
of the spleen cell population used for the fusion (Table 3 and MtZS~EIS, 89). 
Instead, they represent the genetic potential of both the B lymphocyte 
and lymphoblast complement of the spleen. 

After one or two immunisations, the phenotype of the plasma cell (PC) 
population present in the secondary lymphoid organs will probably be 
reflected in the specific antibody population found in the autologous anti- 
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serum. In contrast with multi-boost immunisations, the relative proportions 
in the antiserum of antibody molecules which have resulted from previous 
inoculations will not necessarily be reflected in the population of B lympho- 
blasts in the spleen or lymph nodes. Antisera generally reflect the proportion 
of antibody-secreting cells, in particular the PC, in all secondary lymphoid 
organs which were present both at the time of bleeding and during, at least, 
the previous 2t days - -  since the half-life (%/2) for IgG is 2t days. That is, 
antisera represent the antibody production over a nmnber of days in all 
lymphoid organs. NAb, on the other hand, reflect the number of immature 
(excluding PC) lymphoblastic B cells and perhaps resting B cells in the 
particular lymphoid organ used for fusion. Thus, MAb derived from single 
fusion are representative of an antibody population which is likely to have 
arisen during a short period of time from a single lymphoid organ. For these 
reasons the characteristics of a series of MAb will probably be unrepresenta- 
tive of the antiserum of the animal which provided the spleen (or lymph 
nodes) for fusion. The relatedness of this series of MAb to non-autologous 
antisera is likely to be more distant. 

if) A//inity o] MAb Compared with the Avidity o[ Autologous Antisera 
The avidities of a group of MAb and the autologous antiserum can also 

be quite distinct. If  that  antiserum is of high avidity, this reflects the 
dominant reaction rate and binding constant amongst the different antibody 
molecules present in the antiserum. Individual antibody molecules may not 
exhibit such an affinity (affinity will be used to describe the binding capacity 
of individual and monoclonal antibodies since the reaction is between a 
single paratope and single epitope; avidity will be used to describe the 
cumulative affinities of antibody molecules as seen with antiserum). 

A higher avidity raay be observed with the antiserum than with the 
constituent antibody molecules for several reasons, not all mutuMly exclusive. 
Synergistic reactions of lower affinity molecules could enhance the binding 
and hence affinity of each antibody. BRVCK et al. (14), LUBECK and G~RgARD 
(75), and CLEGG et al. (20) have demonstrated synergistic reactions between 
two MAb involving antibody-induced conformational changes, although 
affinities were not measured. Such reactions would occur in an antisermn 
and thus confer a higher than expected avidity on the antiserum. 

However, some of the antibody molecules in an antiserum may be of 
similar affinity to the avidity of the serum. Such high affinity antibodies 
may be in the minority (perhaps < 5  per cent), but  could exert a greater 
influence on the avidity of the antiserum than the lower affinity molecules. 
Biphasie reaction curates (e.g. MANDEL, 77) may exemplify such mixtures. 
As the high affinity molecules are diluted, the avidity of the antiserum is 
reduced as it reflects the lower affinity of the remaining molecules of the 
majori ty population. 
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iii) The Influence o/High Affinity Antibody on Low A]/inity Antibody 

A simplified diagram of how high affinity and low affinity antibodies 
might interact in an antiserum is shown in Fig. 7. For ease of explanation, 
all reactive antibodies are represented in the figure as either a single low 
affinity or a single high affinity molecule. Some low affinity antibody would 
rapidly react with the antigen but  be displaced by the higher affinity (higher 

¢ 
% 

max. 
reactivity 

Time, > 

Ag-Ab N 
ab L Ab L Ab L Ab k 

Ag- Ab H 

iFig. 7. l~epresenta t ive  in te rac t ion  be tween  an t ibody  molecules in an an t i se rum which 
conta ins  only two populat ions ,  one of high aff ini ty  (Ab ~) and  one of low aff in i ty  
(AbL). The gTaph represents  a r eac t iv i ty  curve  of an t ibody  wi th  an t igen  over  t ime  

binding constant - -  stronger binding) antibody. Free antigen and free 
antibody would continue this displacement phenomenon with high affinity 
antibody eventually being bound preferentially to the antigen. This high 
affinity Ag/Ab interaction could however influence the binding of the lower 
affinity antibody, rendering the binding of the latter stronger than if that  
low affinity antibody was used alone. Under the appropriate conditions, 
complexes of antigen with high affinity antibody and low affinity antibody 
would be found at equilibrium. The situation in an antiserum is of course 
more complicated, but  the figure demonstrates how a minor population of 
high affinity antibody could influence the reaction by displacing low affinity 
antibody, and subsequently enhance the binding of that  low affinity mole- 
cule. Thus, the avidity of a population of antibodies may be unrepresentative 
of the relative molarities of the constituent high and low affinity molecules 
(STANLEY et al., 113). 

The affinities of the antibodies in antisera also vary with time after 
immunisation (OzAKI, 99). Thus, the proportion of MAb with a particular 
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affinity derived from each fusion is likely to vary also. If derived from an 
animal producing an antiserum of avidity influenced as shown in Fig. 7, 
the majori ty would be of lower affinity than that  of the antiserum. In fact, 
all MAb produced from a particular fusion may have a lower affinity than 
the autologous antiserum, if the avidity of that  antiserum reflected compen- 
satory or synergistic activities of the constituent antibodies (see above). 
Many functional activities of MAb against viruses or virus-infected cells 
may be related to affinity or rely on synergistic reactions. Thus, the failure 
of a MAb to effect neutralisation of or passive protection against a virus or 
virus-infected cells does not necessarily indicate that  this MAb is ineffective 
in the immune defence against the virus (see BRUCK et al., 14; LUBECK and 
GERHARD, 75 ; CLEGG et al., 20). HEINZ et al. (42) demonstrated that  mixtures 
of MAb against tick-borne encephalitis virus gave higher avidities of reaction 
compared with the individual antibodies. Consequently, the characteristics 
of some MAb may be irrelevant to the natural polyclonal environment of 
antisera, particularly when higher affinity molecules influence the reaction 
of lower affinity antibodies. Affinity and synergistic reactions must therefore 
be taken into account when attempting to interpret data on the reactivity 
of MAb. 

iv) Speci]icity o / M A b  and AutoIogous Antibody 

As with affinity, the specificity and cross-reactivity of MAb may be 
higher or lower than the autologous antiserum. Interference between antibody 
molecules could result in an antiserum showing lower cross-reactivity than 
MAb. The MAb, however, more accurately determine where and when 
related epitopes (epitypes) exist, not only amongst viruses, but  also between 
viruses, cells and other proteins. Not all MAb necessarily show high degrees 
of cross-reactivity, and MAb have been used successfully to differentiate 
isolates amongst many virus groups (for example, OXfOrD, 98; Y~WDELL 
and GERHAI~D, 127 ; YOLKEd, 128 ; CI~OWTHE~, MCCULLOUGIt and CAR]?E~[TER, 
unpublished data). The cross-reactivity and hence the specificity of an 
antibody or MAb for a determinant on an antigen is due to the paratope of 
the antibody reacting with that  antigenic determinant (epitope). The 
paratope is the antigen-combining site (crevice) formed bet, ween the folded 
V~ and VL domains - -  "variable" regions of the heavy and light chains 
respectively - -  of the antibody. Fig. 8 shows a two-dimensional represen- 
tation of the three-dimensional paratope-epitope interaction. The variations 
in the size of the paratope are also shown, and the shaded areas in the 
epitope represent the regions of binding with the paratope. This binding is 
effected by  a combination of electrostatic, hydrogen-bonding and Van der 
WaM interactions. Each of these individual bonds is weak relative to the 
overall binding constant, which is due to the interact, ion of bhese different 
bonds. The more bonds involved, the stronger the overM1 binding (higher 
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affinity). However, in certain instances, some bonding can compensate for 
the absence of others, creating an affinity of MAb for a related epitope that  
is higher than expected. 
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Fig. 8. A two-dimens ional  schemat ic  representa t ion  of three-d imensional  in terac t ions  
be tween  the  an t ibody  pa ra tope  and reac t ive  epitopes.  The  shaded area  on the  epi topes 

shows where t h a t  epi tope is l ikely to form bonds wi th  t he  pa ra tope  

v) A/]inity, Speci/icity and the Paratope-Epitope Interaction 

Considering the epitope patterns in Fig. 8, the paratope would have the 
highest affinity (strongest binding) for the epitope 1, and lowest for epitopes 
8 to i0. However, the probability of finding complementary sequences of 
conformations between two epitopes is higher when using antibody raised 
against epitope 1 than when using antibody raised against, for example, 
epitope 8. Anti-epitope 1 MAb would cross-react with ten epitopes (1 to 10, 
Fig. 8), whereas anti-epitope 8 MAb would cross-react with six epitopes (1, 
3, 4, 6, 7 and 8, Fig. 8). Conversely, an anti-epitope 1 MAb would have high 
affinity for only epitope 1, with decreasing order of affinity (strength of 
binding) as shown in Fig. 8. Anti-epitope 8 MAb, on the other hand, would 
have similar affinities for all the epitopes 1, 3, 4, 6, 7 and 8 (providing the 
conformation of the other epitopes did not sterieMly interfere ~dth the 
binding of anti-epitope 8 NAb). Thus, considering all reactions irrespective 
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of affinity, anti-epitope 1 MAb would have a higher degree of cross-reactivity 
than anti-epitope 8 MAb. On the other hand, considering only affinities 
which are similar to those of the homologous reaction, anti-epitope 8 MAb 
has higher cross-reactivity than anti-epitope 1 MAb. These considerations 
are important when MAb are used in diagnostic and serological differentiation 
tests, since tests can be designed to compensate for low affinity reactions. 

vi) Other Di//erences in the Properties o] MAb and Antisera 

MAb can differ from the autologous antiserum in other immunochemicM 
properties which influence the utilisation of MAb in studies on antibody 
affinity and specificity. An antiserum may immunoprecipitate a virus or 
virion protein, but  not all constituent antibody molecules (and hence derived 
MAb) may be capable of this (e.g. see IMAI et al., 49). Similarly, not M1 
antibody isotypes will efficiently fix complement. These properties are 
relevant to virus diagnosis since immunopreeipitation tests, such as immuno- 
electrophoresis and Ouctherlony double diffusion, and complement-fixation 
tests are still widely used as diagnostic assays. In addition, polyclonal 
antisera may give misleading results. For example, LACH~A~N et al. (68), 
using MAb against human C3 antigen, and Ct~OWTHEI~ and McCcLLOUGI~ 
(unpublished data) with MAb against FMDV have shown that  some MAb 
can still react with an antigen which was apparently saturated by  specific 
antiserum. 

The use of different assay procedures with the same antibody and/or 
antigen can also give conflicting results. If only 50 per cent of the antigen- 
reactive antibody molecules in an antiserum react in one test, whereas 
100 per cent react in a second test, the difference in titre will be two-fold, 
which is difficult to identify confidently because of variability in the test 
system. However, only half of the possible antigen-reactive MAb would be 
detected by  the first test, and hence the remaining MAb would have been 
incorrectly identified as non-antigen reactive. A greater loss in sensitivity 
of detection occurs when two tests show a 10-fold (one 110) difference in 
titre. Only 10 per cent of the antibody molecules would react in one test 
compared with the other, and again only one of the two tests would correctly 
identify all of the antigen-reactive MAb present. Comparing neutralisation 
and ELISA titres of antisera autologous to anti-FMDV MAb, differences 
of 50- to 500-fold in favour of the ELISA are found (MoCI;LLOlJGI~, Cl~ow- 
THE~, unpublished data). This is not surprising since virus neutrMisation 
tests detect a specific sub-population of antibody, whereas ELISA is less dis- 
criminatory. However, variations in the procedure and reagents of an ELISA 
can also alter the reactivity, and thus detection, of MAb (81, 82). Finally, 
complement-mediated or cell-mediated lysis of virus infected cells with 
which MAb have reacted is also variable. The success of these tests in 
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detecting MAb rely on three major criteria. Firstly, the MAb must be of 
the correct isotype and density on the infected cell to fix complement. 
Secondly, it must react with epitopes close enough to the cell membrane 
to provide rapid at tachment  of activated C4b and C3b. Thirdly, these 
epitopes must, be of the correct density such that, the cell cannot repair the 
complement-mediated or leucocyte-mediated membrane damage and hence 
undergo cytolysis. 

vii) Preparation o] the MAb 

The final consideration for the utilisation of a MAb in the s tudy of epitope 
relationships is the method of preparing the MAb. The use of concentrated 
hybridoma supernatants as opposed to ascitic fluids guarantees that  the 
MAb is the only mouse protein present, and can therefore be more easily 
pnrified. Cross-reacting protein can be found in ascitic fluids, and natural  
antibodies reactive against the antigen in question may  also be present in 
variable quantities. Determination of the MAb concentration is also more 
difficult with ascitic fluids and this is a major problem since antibody con- 
centration is required for kinetic studies and measurements of affinity. 

viii) A//inity and Speci/icity o/MAb ~ Concluding Remarks 

In conclusion, both the affinity and specificity of MAb for a particular 
epitope can differ considerably from autologous antiserum. Other properties 
of antibody, use of which is made in conventional diagnostic assays, may  
also differ between the MAb and antiserum. However, careful preparation 
of the MAb and accurate estimation of its concentration yields a product 
which can be used to determine the relevance of affinity to certain antibody- 
mediated immunological functions against viruses, the degree of relatedness 
between different epitopes both on viruses and between viruses and other 
biological material, the relatedness of virus isolates and strains in which 
affinity of reaction may be the conclusive test, and diagnosis of a virus or 
a particular subtype of virus, which again may  rely on affinity measurements. 
Unlike antisera which contain antibodies of different affinities, the single 
affinity of a MAb is more readily determined (ll0), and can therefore be 
used for rapid diagnosis. 

The ability of MAb both to react with the antigenic determinants 
(epitopes) of a virus and to effect alterations in or protection against the 
virus (neutralisation) is dependent on the affinity of the antibody. So far, 
this review has concentrated on discussing these areas of antibody/virus 
reaction. There is another area of immunology which is relevant to virology 
--namely idiotopes and idiotope/anti-idiotope interaction. Idiotopes are 
determinants which confer selfness or uniqueness to an antibody molecule 
or a family of closely related antibody molecules. 
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Idiotopes and Idiotope/anti~Idiotope Interactions 
A virus is recognised by  a host's immune system as foreign due to the 

antigenic determinants or epitopes on its surface. An antibody molecule 
also carries "foreign" antigenic determinants. These are classified as xeno- 
typic, isotypic, allotypic and idiotypic. Xenotypic determinants distinguish 
species of animals. For example, a rabbit  responds against xenotypic deter- 
minants on Balb/c mouse antibody, whereas a C57/B16 :mouse does not 
(the rabbit  may also respond against the other classes of determinant.). 
Isotypic determinants are a form of xenotypic determinant which subdivide 
immunoglobulins into classes and subclasses. Allotypes distinguish strains 
within a species. For example, C57/B16 mice respond to these as well as 
to idiotypic determinants on Balb/c mouse antibody. The idiotypes distin- 
guish different ant ibody molecules or families of closety related antibody 
molecules with a particular antigen specificity. A Balb/c mouse responds 
to the idiotypic determinants on syngeneic (from other Balb/c mice) or 
autologous (from the same Balb/c mouse) antibody under appropriate 
conditions (see below). This response is the basis of the network theory of 
immune regulation proposed by  JEssE  (53). The idiotypic determinants 
can be subdivided into private idiotopes, or cross-reactive and public 
idiotypes. The term idiotope is used to describe that  determinant on a single 
clone of antibody which confers "selfness" to that  antibody. Idiotypes are 
families of closely related idiotopes, or idiotopes common to a limited 
number of antibody clones which often have closely related antigenic 
specificity. 

The area of idiotopy which is of direct relevance to virology is tha t  
concerned with the "surrogate antigen", and the anti-idiotype antibody 
which is an internal image of a virus epitope. That is, the anti-idiotype 
antibody which was induced by the paratope of a virus-specific antibody 
molecule. From the theory of the surrogate antigen comes the proposal for 
anti-idiotype vaccines, and this axea has been recently reviewed elsewhere 
(86). 

i) Induction o/gnti-Idiotype Antibody 

When mice are passively immunised with MAb, the anti-idiotype 
networks (53) may be stimulated, depending on the topographical position 
of the inducing idiotype on the antibody molecule. Stimulation of an 
immune response against idiotopes and idiotypes (Id) can only occur when 
the Id  reach immunogenic levels; that  is, when the antibodies carrying 
them are produced in large quantities such as during an active immune 
response or after inoculation of immunogenic doses (usually 100 ~g for 
small animals). Id can be found within or outside the paratope (antigen- 
binding crevice) of the antibody, but  always within the variable region Fv 
(10). The variable (V) domains of an antibody are composed of hypervariable 
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(hv) regions within the relatively more conserved framework regions. The 
folding of the heavy and light chains brings most of these hv regions within 
close loromixity of one another into the walls of the antigen-binding crevice 
(paratope) (t0, 44). On the light, chains of the variable region (VL) are the 
Lhv l ,  Lhv2 and Lhv3 (Fig. 9), although Lhv2 is oceasionally absent from 
the antigen-binding crevice, being located elsewhere in the VL domain. On 
the heavy chain (Vii), t t h v l ,  Hhv2 and Hhv4 (Fig. 9) are associated with 
the paratope, while Hhv3 is outside this antigen-binding crevice (44). 

Most of these hv regions could function as Id. Conformational associations 
of hv regions with one another (in the paratope) or with the framework 
regions could likewise function as Id. BONA (10) has reviewed the evidence 
demonstrating Id  associated with the combining site of antibody, and 
other Id  associated with the framework segments. Furthermore, when 
antibody reacts with antigen, hv regions in combination with determinants 
on the antigen may function as idiotypes (44). Anti-Id antibody has been 
most efficiently induced by using associated heavy and light chains, although 
isolated chains have been used occasionMIy; Id  have also been identified 
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which are unique to heavy chMns, light chains or both chains in association 
(8, 87, 105). 

KENN]~DY et al. (60) and KENNEDY and DREES~AN (57) have demon- 
strated a "common" Id on anti-hepatitis B antibody from two individuals 
which is apparently associated with the paratope of the anti-hepatitis B 
antibody, since homologous virus antigen inhibited the Id/anti-Id reaction. 
KENNEDY et al. (57) also reported that some, but not all, anti-HSV2 MAb 
agMnst distinct antigenic determinants share an Id in their antigen combining 
site, which was also found in Balb/c mouse anti-HSV2 antiserum. LIu et 
al. (74), detected "private" Id, cross-reactive Id (CRI), and "public" Id on 
monoclonal antiinfluenza virus antibody. 

i i)  The "Internal Image" Anti-Idiotope 

Considering the Id associated with the antigen-binding crevice or para- 
tope (Idp), the flow scheme in Fig. 9 shows how Id/anti-Id interactions can 
result in the production of antibody against that paratope Idp by two 
independent pathways (86). When the Id 9 reaches immunogenic levels, anti- 
Id p bearing ]3 cells can be stimulated. These lymphocytes, in the presence 
of antigen-presenting cells (APC) and the appropriate T helper (Tg) tympho- 
cytes, differentiate and produce anti-I@ antibody. This anti-Idp antibody 
is a mirror image of the inducing paratope. Hence, the paratope of the anti- 
Id~ antibody should be similar conformationally to the epitope with which 
the Idp bearing antibody combines. Thus, it is called an "internal image" 
of the epitope. This internal image antibody is central to the theory of the 
"surrogate antigen", which is proposed to function as an "immunogen" 
stimulating Idp-bearing B cells to dilferentiate and produce Idp-bearing 
antibody again. 

The second route by which the Idp-bearing B lymphocytes can be 
stimulated requires the inducing Idp to be presented (by APC) to anti-I@ 
bearing T~ lymphocytes. These T~ cells can in turn trigger the differenti- 
ation of Idp-bearing B cells through Id/anti-Id reaction. This route does 
not directly utilize an internal image antibody or surrogate antigen, and 
for the purposes of this discussion will not be referred to. If a surrogate 
antigen, can be prepared its prophylactic use may be substantial. 

i i i )  The Surrogate Antigen 

Much evidence has been provided for the induction of Id/anti-Id networks 
using either MOPC proteins or antibody of known specificity (reviewed by 
EICHFIANN, 28; CAZENAVE et al., 19; DAVIE, 26; KELSOE et al., 55; KENNEDY 
a~nd DtCEESMAN, 59 ; LEGRAIN et al., 72 ; JA~EWAY, 52 ; NISONO:Fr and G~EEN, 
91 ; URBAIN et al., 120). In order to understand further the influence of these 
networks on the protective immune response against pathogens, anti-Id 
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molecules must be stimulated by antibodies which are themselves protective 
by passive immunisation (86). To this end, SACKS et al. (102) have protected 
mice using anti-Id antisera raised against neutralising (by passive protection) 
monoclonal anti-trypanosome antibody, Mthough this anti-Id antibody 
preparation did not contain a true internal image because the immunity 
induced by it was genetically restricted. I~AGA~ et al. (102) have 
used rabbit anti-Id antibody agMnst the Id of anti-rabies virus glyco- 
protein MAb to induce virus neutralising antibody, while GI~EUE~S et al. 
(37) used anti-Id antibody to inhibit virus neutralisation by anti-measles 
virus MAb. K ~ D Y  and DR~ES:~A~ (58) showed that  anti-Id antibody 
could induce or enhance the production of anti-hepatitis B antibody which 
expressed an Id common to convalescent anti-hepatitis B antiserum. 
Attempts to produce monoclonM anti-Id antibody which can function as 
surrogate antigen have not been as successful (UYTDEttAAG, personal com- 
munication; 5{CCULLOUGE, unpublished data,), although Fo~sTt~0~ et al. (33) 
used what may be an anti-Id MAb to induce delayed type hypersensitivity 
against the mouse sarcoma MCA-I490. UYTD~gAAG and OSTEI~I~AUS (121) 
have recently reported on a syngeneic monoclonal anti-Id antibody against 
the Idp of anti-poliovirus type II  antibody (a cRI).  Inoculation of Balb/c 
mice with the anti-Id preparation induced Id-bearing antibody, but with 
considerable variation between animals. This induced antibody had a low 
neutralization titre (100-fold lower than that  induced by passive immuni- 
sation with the Id-bearing antibody), but could not protect against lethal 
poliovirus type II  challenge. In addition, the occurrence of such an anti-Id 
antibody was apparently a rare event, being found only once in three 
independent fusions. These results would suggest that  something more than 
this single anti-Id antibody is required for an effective surrogate antigen; 
for example, higher affinity antibody, or antibodies of different specifieites 
may be required (see below and ref. 86). 

However, the immunostimulatory capacity of anti-Id antibody is concen- 
tration-dependent (55, 90). Anti-Id antibody at 10 to i00 ng enhanced the 
expression of Id-bearing antibody, whereas 10 ~g suppressed the response 
and 1 ~g had no observable effect. A population of anti-Id antibodies also 
has various affinities for the inducing Id. In addition, while some anti-Id 
antibodies have a paratope which is the mirror image of the complete Id, 
other "anti-Id" antibodies react with only a portion of the inducing Id. 

Theoretically, high affinity anti-Idp antibody should be the most efficient 
surrogate antigen (86). Other anti-Id speeificities (against Id outside the 
combining site and against eombinations of the antigen-combining site with 
the antigen), should, in theory, be incapable of inducing the production of 
Idp antibody as shown in Fig. 9, unless the induced Id  is genetically linked 
to Idp. The anti-Id antibody which recognises only a portion of the Id 9 and 
low affinity anti-I@ antibody may also be incapable of, or inefficient at, 
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inducing Idp antibody. ICEAGAN et al. (102) demonstrated that  three of five 
anti-Id antibody preparations (prepared against anti-rabies virus glyco- 
protein MAb) were against Id in the combining site of the MAb, but only 
two of these could induce virus neutralising antibody after passive immuni- 
sation. This does not exclude a role or requirement for antibody against 
other idiotypes/allotypes. I t  is unclear whether a single anti-Id, several 
different (or related) anti-Id, mixtures of antibody against private Id, CRI 
and public Id, combinations of anti-Id with anti-allotype (some allotypes 
and idiotypes are genetically linked - -  BONA, 10), or other combinations 
are required for an effective surrogate antigen preparation. LIu et al. (74) 
have demonstrated that  some Id  on anti-influenza virus haemagglutinin 
antibodies are found in both the primary and secondary responses, whereas 
others are expressed only during the primary or the secondary response. 
An additional complication was shown by KENSEDY et al. (56), who reported 
that  immunization with certain anti-Id antibodies could result in an 
increase in the pathogenesis of subsequently inoculated ttSV2. (These 
results may  demonstrate the capacity of certain anti-Id at the appropriate 
concentration to induce immunological suppression or eontra-suppression - -  
see BonA, 10). Antibody against the receptors of the T~ cells which are 
essential for the differentiation of the Idp-bearing B cells may also be 
important  since immunostimulation by anti-Id antibody is apparently 
directed by T Iymphocytes (BONA 10). A monoclonal anti-Id antibody 
against a Sendai virus-specific TH cell clone induced both a B and T cell 
response against the virus (31) which, in contrast to the monoclonal anti-Id 
preparation against anti-poliovirus antibody (see above, ref. 121), protected 
mice against a lethal SendM virus challenge. Certain anti-Id antibody may 
suppress major Id  and permit, the expression of silent Id  (reviewed by 
BONA, 10). Therefore, the relevance of the different anti-Id, anti-allotype, 
etc., antibodies requires greater insight into how the surrogate antigen 
works and a better understanding of which lymphocytes are stimulated 
and how they interact. 

Conelusion 

Certain implications of MAb in virology have been discussed in this 
article. Firstly, the valency of the antibody, which depends on the source 
of myeloma cell used in the fusion, can be used to study antibody activity 
and function. For example, does the function of a MAb "specific" for a 
particular epitope rely on a bivalent reaction (bridging antigenic determinants 
or aggregating virus partieles) reaction; how does valency influence the 
kinetics and affinity of MAb reaction ? 

Secondly, different mechanisms of virus neutralisation can be identified 
using different MAb, as can viral epitopes which are important for virus 
neutralisation in  vitro and i n  vivo, that  is, related to the infectivity and 
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pathogenicity of the virus. MAb may also be used to determine the relative 
importance and efficiency of different forms of virus neutralisation (or 
mechanisms for reducing virus titre) both in vitro and in vivo, and the 
relationship between in vitro virus "neutralisation" and in vivo protection. 

The topography of neutratisable and non-neutralisable epitopes on virions 
has been determined using MAb (reviewed by CA~T~ and T ~  M~ULE~, 18, 
and POLLOCK et al., 101). Isolating MAb-resistant variants of viruses has 
provided considerable information on virus infectivity and pathogenicity 
(18), and how a virus may  behave in an immune host. 

The in  vivo effects of MAb can also provide information on the role and 
relevance of different immunological defence mechanisms against a particular 
virus or viral epitope, in partiuclar on opsonisation, complement-mediated 
cytotoxicity, cell-mediated cytotoxicity (ADCC, complement-enhanced 
ADCC, CTL activity), and combinations of these. 

Any particular anti-virus MAb may show differences in both affinity 
and specificity compared with the autologous antiserum. Despite this, MAb 
can be and are used for the diagnosis of virus infections (reviewed by 
OXFORD, 98; YELTO~ and SCHARFr, 126; YOLKI~I, 128) and differentiation 
of virus isolates (reviewed also by YEWDELL and GEI~HAI~D, 127). The 
greatest success in the latter field has come with viruses such as rabies 
virus and measles virus which were differentiated inadequately by conventional 
serological techniques. The relatedness of epitopes and the affinity of MAb 
for different epitopes or epitypes can also be applied in epidemiological 
investigations and have been extensively used with influenza viruses. Such 
studies may also provide information about apparent epitype relationships 
between viruses and cells. 

Finally, MAb have been used successfully for the induction of anti-Id 
antibody. Anti-Id antibodies have given considerable insight into the 
immune regulatory networks, and both MAb and anti-Id (anti-MAb) 
antibody may have potential as prophylactic agents. However, induction 
of the anti-Id prophylactic agent pertinent to virology - -  the surrogate 
antigen - -  requires a greater understanding of this branch of immunology. 
If the anti-Id antibody does show" prophylactic potential (as demonstrated 
by SACKS et al., 107), it may prove useful in vaccine research, although the 
host range with which a mouse or rabbit anfi-Id antibody is effective 
requires more detailed studies. [Ut~BAIN st al. (120) reported tha t  certain 
anti-Id antibodies against anti-tobacco mosaic virus (TMV) antibody recogni- 
sed Id  on anti-TMV antibody from a wide range of animal species, and could 
induce anti-TMV antibody; perhaps a species non-specific surrogate antigen]. 
Particular anti-Id (anti-MAb) antibodies have potential in other areas of 
research. The internal image anti-Id (against the MAb paratope) m a y  be 
used to study a viral epitope in isolation, something which is difficult to 
achieve bioehemically due to the denaturation of conformations after 
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chemical degradation procedures. Monoctonal anti-Id antibodies against 
anti-reovirus type  3 haemagglutinin antibody bind to receptors for this 
virus on lymphoid and neural cells (54), enabling a s tudy of virus/cell inter- 
actions at the level of single molecules. 

There are other uses to which MAb have been or could be put  in virology. 
Some are preparatory, such as immunadsorbent columns, while others are 
investigative. One topic in this latter area which has received little attention 
using MAb concerns antibody-induced membrane and cytoplasmic changes 
in virus-infected cells (reviewed by  OLDSTOSE et at., 96). The outcome of 
such antibody pressure may be to maintMn a chronic or persistent infection, 
as has been proposed for latent infections of man such as subacute selerosing 
panencephalitis - -  FUJINA3II and 0LDSTONE (35) - -  rather than directly or 
indirectly causing destruction of the infected cells. Most of the work in 
this field has been done using polyclonal antibody, bu t  such "modulation" 
of virus antigens could be studied at the single epitope level using l~Ab. 
This is most important since G L ~ I E  and S~Ev~5~sox (38) reported that  
monovalent antibody was more efficient than bivalent antibody at destroying 
L 2 C leukemia cells since the former avoided antigenic modulation. Recently, 
FvJI~ASII et al. (34) used MAb to s tudy antigenic modulation in measles 
virus infected cells, demonstrating that  MAb agMnst the haemagglutinin 
altered the expression of other virion polypeptides. 

All in all, MAb provide information about virus structure and the 
immunological defenee mechanisms agMnst virus infection which could not 
otherwise be obtMned. There are certainly idiosyncracies with MAb, and 
the hybridoma technology used to produce them. The use of a homogeneous 
population of a single clone of antibody is termly artificial. The natural 
situation employs various antibody specifieities often working in combi- 
nation. I t  should therefore be no surprise if particular MAb behave differently 
to what was expected from studies using antisera. Nevertheless, provided 
results obtained with MAb are interpreted in the light of all these factors, 
MAb will continue to expand our understanding of the structure and 
behaviour of viruses, and the immune responses agMnst them. 
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